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PREFACE 


In  the  process  of  revising  the  "Text-Book  of  Pharmacology,"  it  became 
apparent  that  the  extensive  development  and  applications  of  Pharma- 
cology justified  a  somewhat  more  ambitious  treatment  of  the  subject. 

Pharmacology  comprises  some  broad  conceptions  and  generalizations, 
and  some  detailed  conclusions,  of  such  great  and  practical  importance 
that  every  student  and  practitioner  of  medicine  should  be  absolutely 
familiar  with  them.  It  comprises  also  a  large  mass  of  minute  details, 
which  would  constitute  too  great  a  tax  on  human  memory,  but  which  can- 
not safely  be  neglected.  It  is  the  ambition  of  this  book  to  present  both 
types  of  information  without  confusion.  The  matter  in  the  larger  print 
aims  to  give  a  connected  and  concise  statement  of  the  essentials  of  pharma- 
cology. The  smaller  print  need  not  be  considered  by  the  reader  who 
wishes  to  obtain  merely  a  general  knowledge  of  pharmacology.  It  con- 
tains more  detailed  data  for  consultation.  Side  headings  have  been  intro- 
duced liberally  to  facilitate  this  use.  The  bibliographic  references  are 
intended  to  put  the  investigator  on  the  track  of  further  details. 

The  volume  can,  therefore,  serve  both  for  study  and  reference. 
There  may  be  some  question  as  to  the  general  advisabiUty  of  combining 
text-books  and  reference  books;  but  in  Pharmacology  this  appears  to  be 
necessary,  since  every  student  may  need  more  detailed  information  at  any 
time. 

These  objects  necessitated  a  complete  rearrangement,  and'  fairly 
extensive  enlargement  of  the  book,  and  as  the  work  progressed,  it  appeared 
plain  thai  it  meant  not  merely  a  revision,  but  the  making  of  an  entirely 
new  book. 

With  this  enlargement  of  the  text,  it  became  necessary  to  practice  the 
utmost  economy  of  matter,  in  order  to  bring  the  contents  within  a  single 
volume.  This  and  other  considerations  prompted  the  separation  of  the 
Laboratory  Guide  In  Pharmacology,  which  will  be  issued  as  a  companion 
volume.  The  illustrations  have  also  been  omitte<l  wherever  the  text  could 
be  understood  without  them.  A  further  economy  was  effected  by  cur- 
tailing the  discussion  of  the  drugs  of  slight  importance,  thus  leaving  more 
space  for  the  relatively  few  really  important  drugs.  This  is  in  tine  with 
the  modem  movement  for  the  restriction  of  the  "  Materia  Medica." 

I  am  greatly  indebted  to  my  friend,  Dr.  R.  A.  Hatcher,  for  valuable 
help  in  reading  the  proofs. 
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Definitions. — ^Pharmacognosy  deals  with  the  origin  and  the  anatomic 
and  chemic  structure  of  crude  drugs. 

ItaUria  Mtdica  is  an  older,  obsolescent  title,  which  was  used  to  include  also  the 
sctioos,  us«s  and  dosagb  Orgaitie  Maleria  Mtdica  b  limited  to  the  drugs  derived 
directly  from  the  vegetable  and  uumal  kingdoms. 

In^mrtauce  d  Pfaaimacognosy.— An  accurate  knowledge  of  this 
branch  is  necessary  to  the  pharmacist  to  insure  the  quality  of  his  wares. 
It  is  much  less  important  to  the  physician.  However,  it  is  useful  to 
know  the  appearance,  odor,  taste,  solubility,  and  perhaps  the  origin,  at 
least  of  the  more  important  drugs. 

Veg;etable  Drugs. — The  crude  organic  drugs  are  derived  mainly  from 
plants,  either  wild  or  cultivated;  collected  at  the  proper  season  to  insure 
the  maximum  activity;  and  properly  dried  or  otherwise  prepared. 

Puts  Used. — The  active  principles  are  often  diffused  throughout  the 
plant;  but  they  are  generally  more  abundant  in  one  particular  part, 
which  is  then  used.  The  parts  are  designated  by  their  usual  botanic 
names.  The  following  are  the  most  important,  with  some  characteristic 
examples. 

Root  (Radix). — ^The  underground  p'art  of  the  plant,  generally  devoid 
of  chlorophyl  (green  coloring  matter),  and  which  does  not  produce  leaves 
(Dandelion,  Belladonna,  Ipecac,  Rhubarb). 

Tuberous  Roots. — Roots  swoUen  with  accumulation  of  reserve  food 
material  (Sweet  Potato,  Aconite,  Jalap),  They  are  often  called  tubers; 
but  true  tubers  (Potato)  are  similar  formations  on  rhizomes. 

Conn- — A  thickened  underground  stem  (Colchicum). 

Bulb. — Very  fleshy,  closely  crowded  leaves,  enfolding  the  underground 
base  of  the  stem  (Onion,  Squills). 

Rhizome. — Underground  stems  which  bear  leaves  (Podophyllum, 
Hydrastis,  Ginger,  Aspidium). 

Wood  (Lignum). — The  wood  of  trees,  in  fragments,  chips  or  coarse 
powder  (Quassia,  Hematoxylon,  Sandalwood). 

Baik  (Cortex). — The  outer  layer  of  the  stem  (Cinchona,  Cascara, 
Wild  Cherry),  or  of  the  root  (Sassafras,  Cotton-root).  Sometimes  only 
the  inner  bark  is  collected  (Ceylon  Cinnamon,  Elm). 

Leaves  (Folia). — Digitalis,  Uva  Ursi,  Belladonna,  Senna. 

Herb  (Berba  or  Species). — The  smaller  leafy  and  flowering  or  fruiting 
stems  (Peppermint,  Cannabis  Indica,  Savin). 


xS 


JCANUAl  OF  PBAItMACOlC 


Plomn  (pjoret), — Chamomile,  Arnica.  Uncxpanded  flowers  are; 
Clovea,  Saotonica. 

Fniit  (Prtutus). — ^Thc  ripcnt-il  ovary,  with  any  pcr^stcnt  parts  of  the 
Rower,  and  containing  the  seeds  (Pepper,  Cardamom,  Hc^x,  Colocynth, 
Ani«<.-)' 

Sewt  iSemen). — The  cssrntial  part  of  the  fniit  (Nux  Vomica,  Strophan- 
thus,  Physa=itif;ma,  Mustard,  Linseed). 

Microscopic  Structtire  of  Plants. — lliis  differs  from  the  animal  cells, 
especially  !)y  the  thick  cell  walls,  and  by  the  frequent  presence  of  proto- 
plasmic enclosures,  starch,  fats,  calcium  oxalate,  protein  cr)-sta]s,  etc. 
The  cell  walls  are  chiefly  responsible  for  the  shape  and  physical  properties 
of  the  cdl.  They  consist  primarily  of  cellulose,  variously  modified 
by  certain  allied  substances  (lignin  in  wood,  subcrin  in  cork),  llic^c 
are  ail  insoluble  in  ordinary  solvents  and  in  the  aliinentiry  canal  of  man. 
They  arc  tiierefore  so  much  useless  "ballast"  in  the  administration  of 
the  dru^.  The  processes  of  pharmacy  consst  largely  in  isolating  the 
active  constituents  from  this  useless  material. 

PhannacoEDoirtic  Impocttnce  of  Microacopic  Structure.— The  t.aocu»,nce,  tize  And 
sna&iieincnt  of  the  ccUa  and  their  iacloturct  (*t«rth  gnlns,  etc.)  \t  oltco  the  mott 
inqmrtant  Md  in  identifyins  a  drug,  puticulMlr^  when  in  the  form  of  powder.  The 
plwTQMCopclu  iberclorctncrudc  n^croacopic  dc*criptionf>,  whenever  tbtsc  are  impociaaU 
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Elementary  and  Proximate  Constituents. — Tlie  rlfmcnlary  or  ullimair, 
amslitiifnh  of  ]>l.-iiilf.  as  of  animals,  arc  mainly  C,  H,  0,  and  N.  The 
chemical  compounds  formed  from  these  are  called  the  fr^ximatc  prittcipits 
or  constituents  o(  the  plant.  These  belong  to  the  chemical  groups  of 
proteins,  fats,  carbohydrates,  tannins,  resins,  alkaloids,  glucosids,  acids, 
tcipenc«,  etc.     Plants  also  contain  inorganic  salts. 

Celltdose. — This  is  found  in  the  cell  walls.  It  exists  in  almost  pure 
(onn  in  cotton.  It  is  chemically  an  isiomer  of  starch,  liaving  the  ele- 
mentary formula  (C«H)a06)a.  It  is  insoluble  in  ail  the  ordinar>'  solvents, 
and  is  not  affected  by  boiling  water.  It  dissolves  without  change  in 
Schweitzer's  reagent  (amnumiated  solution  of  copper  sulphate).  In 
older  cells  it  is  often  modified  by  the  introduction  of  allied  molecules: 
wood  (lignin)  or  cork  (suberin).  Cork  is  very  resistant  to  reagents  and 
impermeable  to  water,  and  lu-ncc  protects  the  plant  agwnst  cvaporatioa 
and  chcmic  injury,  llic  cellulose  may  also  undergo  a  retrograde  meta- 
morphosis into  gum  or  pectin. 

Staidl  (CtHigOt)^. — ^This  is  produced  as  one  of  the  first  stages  in  the 
assimilation  of  COj.  It  occurs  in  the  form  of  granules,  usually  showing 
a  laminated  structure  around  a  center  (hilu»).  The  character  of  this 
lamination,  as  well  as  the  average  shape  and  size  of  the  granules,  are 
Important  in  dislingui.Oiing  between  different  plants. 

Starch  can  be  easily  recognized  by  the  blue  color  which  it  gives  with 
iodin.  It  is  insoluble  in  all  the  ordinary  solvents,  but  with  boiling  water 
swells  and  forms  a  peculiar  colloidal  solution  (paste). 

Gtmis. — These  arc  colloidal  carbohydrates,  swelling  or  dissolving 
In  water  to  vIh'ous  adlteiive  fluids  (mudlages  or  pastes).  They  are  pre- 
cipitated by  alcohol.  They  are  formed  in  the  plant  by  the  transformation 
ot  rrilulose  an<l  cell  contents,  especially  as  the  result  of  jtathologic  proc- 
esses.   Putins  arc  closely  related  substances,  occurring  in  fruits,  and 
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causing  the  boiled  fruits  to  set  into  jeily.  Gums  and  pectins  do  not  color 
with  iodin;  tJiey  reduce  copper  only  after  inxTrsion, 

Su£8r. — The  %'arious  forms  of  suf;urs  liave  a  wide  distiibution  in  the 
vegetable  kingdom.  Some  reduce  copper  in  alkaline  solution;  others 
do  so  onlv  after  inversion.  Ail  turn  the  pUnv  of  polarized  light.  They 
are  eoluUc  to  water;  much  less  so  in  alcohol.  The  most  important  types 
are: 

Glucose  (Dextrose  and  Levttlose),  C«HiiO<;  MaUose  and  Saccharose, 
Ci,HaO,,;  Mannile  C«Hi.O,. 

Glucosids. — These  are  e^ter-like  comtHnaiions  of  sugars  with  various 
other  suiisunccs,  frequently  with  phenols.  Acids  or  appropriate  ferments 
hydrolj-«c  them  into  suear  and  the  other  .sub»L-ince.  Many  do  not  ton- 
tain  nitrogen.  Most  gtuco:»ids  arc  neutral  or  weakly  aad;  a  few  are 
alkaloidal.  They  are  widely  distributed  in  plants,  and  include  active 
principles  such  as  the  digitalis  constituents,  saponins,  tannins,  etc. 

Saponins. — These  are  neutral,  non-nitrogeiious  substances  distin- 
guished by  foaming  with  waters, -emulsifying  oils,  and  taking  red  blood 
corpuscles.  Many  have  the  formula  CnHm-jiOio.  Some  are  glucosids. 
Those  which  are  markedly  toxic  are  sometimes  called  sapotoxins.  The 
saponins  are  also  of  wide  occurrence. 

Tannins.^ This  term  is  applied  to  a  group  of  phenol  derivaiives, 
dtstingui'^ed  by  giving  a  bluish  or  greenish  n)lor  witn  ferric  Sidls.  The 
greater  number  also  form  insoluble  compounds  with  other  metallic  salts, 
with  alkal^ds,  proteins,  etc.  Tliis  precipitation  leads  to  an  astringent 
action. 

Tannins  occur  in  many  plants,  espedally  in  the  leaves  and  bark,  and 
in  pathologic  formations  (nut-galls).  They  are  non-nitrogenous;  some  are 
glucosids.  Tliey  are  soluble  in  water  and  in  alcohol;  but  since  they  form 
insoluble  compounds  with  so  many  substances,  they  often  occur  in  plants 
in  granular  form. 

Tbe  unnins  hav«  been  cluiified  by  tbrji  cjtemic  lomposltion.  Mote  coBvcnlcnl 
(•  tbe  older  du«i(icalioa  into: 

t.  J'kytitl»t'<  T'linlHt. — OccHtriBj  in  normal  pUnl  tlsauMi  gluing  a  Erem  color 
with  iron;  yielding  pymraiochis  on  tm  <B»tiUiition.  Mo»t  of  iheM  bmniiu  (oria  wltb 
ctmoBCtive  tiaiuc  an  extremely  Insoluble  and  ImpctinMble  compoaod,  and  are  (bercfore 
uwl  lo  taniunc. 

t.  Poiktie^  TdKithj.— Occurtiog  in  pathologk  tiMUes  (gklb);  aivbii;  a  blue  tolor 
aitb  troa  [cbftDCod  to  pwa  bj  acid) ;  yiddins  pyrogallol  on  dry  duttUation ;  luuiilUi)  for 
tunloS' 

PkMM|dMaa>— TDnaiiu  uv  catity  dccomnoiwcl  into  leiin-lilce  lulutanccs  i-altcd 
pU^^fhtnt,  ThCM  exbt  nalu'slly  in  plants,  l>ut  arc  unuall)'  iormcd  us  nrliliciu!  dn- 
OMKioAdoa  products  in  >U  cutract:!.  They  ar«  daik-colurcd,  soluble  Ln  alcohol  and 
ia  anallae  Uqiuds,  intotubh;  is  water. 

Taaaliu  aad  phlobaphcu,  as  well  as  ma<>t  oUici  plant  constituents,  nro  ciiuIy  can- 
nrtfld  Into  a  xroup  ot  tubstancM  called  Xumint.  Tbrse  do  doI  eilst  in  livlne  tfMaet, 
and  arise  on  the  deatb  of  the  Ctlls.  by  the  .iclion  of  air  and  muUture.  They  cau«c  Um 
brown  color  wMcb  pliata  awume  on  dr>-ingL  ih«y  ace  abo  preieiit  in  the  brown  bark. 

TaioiJEn*,  pblobapheas,  and  humJns  form  a  ktjcis  oitbout  (harp  dcnurcalion.  Th^ 
are  oot  lubject  to  (Ac  acliaa  of  bacteria,  and  Ln  tliis  way  protect  plants  agaiatl  pulro- 
laLiioA. 

Alkaloids. — These  comprise  many  of  the  most  active  and  important 
plant  can«titt>cntE,  They  may  be  defined  a.i  natural  nitrogenous  organic 
Mies  (generally  tertiary  amins);  t.£.,  they  arc  organic  substance*,  conlain- 
faig  nitrogen,  of  basic  character,  combining  with  acids  without  the  elimina- 
tioiof  hydrogen,  forming  well-delined  and  usually  crystalline  salts.    The 
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salts    woh    halogBK  are  called  hidiuLfalotitfa-  hiAuhiwmfa.  etc  (not 
cUorids.  etc  . 


TW  saacs  ai  ■fltakiifa  are  ccWt  ipdkd  wid  a  iad  <^  M  AaitMA  th^  frmi 
acstra!  pri»cip»b  .tint  Mocphnif,  a«  altahid;  Mfcm,  a  ^acon^^  Tie  <faUattio« 
is  atatf  vbioaJTV  >a<I  >>  Bot  faBontd  iwn- 

Dixmnry  tf  Ikt  .\7k*'mii. — ^Tls  H  aa  acM(iT»et  of  tke  i^lfc  ooovt  (MarpUn, 
br  Seftuenu.  lios  la  iSio  SUj^kwaw  iSii; Q<bb «Bd  CaftK,  iSi^  Niootin,  1S19; 
Aticfn.  1S32). 

OumTBfz. — OoIt  a  fcv  alkdoiib  ocovta  tite  ai^aal  tWgJMW.  tiw  ■osl  iayottaal 
triBjJf  bciag  <piacpfatia.  tsc  amtv  pmt^if  of  t^  i^ni^nl  ^aad-  Alkakidal 
(Kiaaples  a:c  also  ioracd  br  t^  actuN  <ri  faaaBn,  aad  an  <^al  ^MasKi.  Amob^ 
t^ t-^C***^ plaats the ■■..'!  ■■■■■wii. c^ .;t»l.-^rfc b tot cxkdsk. tte aMc pbM wraimai 
^naOy  scnsal  atkaloidi.  -raA  aic  octca  ismed  &?ai  «nc  ajudKT.  T^n*  an  oAa 
foBsd  ia  all  pam  of  tlbc  gfani^.  bat  MMctzBfs  dxy  an  micilT  InnBfril  in  cataii 
porticaL  Aiaoogtf  senlv  f-X-.  ia  u  vmAt  ia  tiw  oonai  pait;  ia  ukasuaUna  in  tlM 
catrledoDS;  ia  (honm,  hjtarianna  aad  amfn^  ia  Ac  lai^  »— "*  Ac  qMlcfflm;  ill 
■wTT  Toobca,  boA  stijtbmn  aad  -*»'■■  ocaa  ia  *W  cadiflpcfWt  bnda  alose  in  tbt 

csbrro. 

T^"  ■*TV*l>**.f«l  ^^^^^^^  f^  fj^^T^  a-^T^*^  Frt^rt^'^T^^*'  y***"^g  ID  Acdaatc.  adtnn 
and  ocJiB'  cDB(fitioa&.  latfiridml  ptaais  ako  saov  ooaBdenbie  Tariations  ^iicvcn, 
I'yij  .  Tbrycaa  ako  be  iiaf  iwtJ  by  jtfcemr  hmfiafrahbu^fc  das  JurrhairaBj 
tsLbd  tfificnlt  (SicCTis,  1916,^ 

S>ae  alkaLiids  ooouin  oir^cs.  otkcn  ila  aot.  TVne  caataDBag  oanfoi  an  *ali^ 
«--H  coaniatiTriT  sn-vaUdic,  ahuus  dnsc  inc  itiNi  n^n'*  ..««cMi>  and  coonn] 
a^  Bonia  m^*^  vcJilriW 

ProprriUi  of  Allutloids- — A&  ^Ifc^lfiM*  have  CBtain  pmpcrtiics  in  com- 
mon: bitter  taste,  alkalinity  to  Htmos.  nitrogen  rcactian:  gcnoalh-  pm- 
found  ph>'3c4cfic  actioa.  vilboat  poetmonem  lesioos. 

Solitbility  CkaracUrs. — Free  alkaloids  are  solabic  in  ctbcr,  cblonrform, 
ajod  oils,  mncli  less  fohiUc  in  alcoboL,  and  comparativeiy  insohU>lc  in 
water.  .UkakMdal  salts,  on  the  otber  hand.  ha\-ie  just  the  oppoeile  xbx- 
iMHt^-:  Tbey  are  joluUc  in  water  and  alcohol.  insohiUc  in  cUontfonn  and 
eibcT.  With  the  alkaloidal  salts,  the  combined  add  pUn  a  pnNnincnl 
r6le  in  the  S(Jabilit>-. 

I^Kipiiutum  Reaaitms. — AlkaliMdal  salts  are  [vecifMtated  In*  compounc 
soluiMMi  01  iodin,  mcrcuric^ioiasac  iodid  ;Ma>xrs  rea^mt':  pboqtho' 
mojybdic  add:  picric  add;  g^d  cfalorid.  [datink  ctilorid.  etc  Many  abc 
precipitate  mercuric  chlorid.  potassium  bichromate  tanni".  etc 

Col/rr  RauHiaiu. — Nlany  alkaloids  give  characterisoc  colon  with  con- 
centrated adds,  with  or  withoat  the  addiiioo  of  nTwBwng  or  ledocinf 
agents. 

CitTmic  ConstiitUion. — The  structure  of  many  alkaloids  is  wcH  undcT' 
stood:  others  are  still  obscure.  The  greater  number  are  foirly  compk] 
derivatives  td  pyridin  ^ctHuio,  mcotin  :  fxmJiJim  i,cocain.  atropin) 
quinelin  (quinin.  dncfaonin.  str\-chnin.  bnicin'':  isa-qmimalim  (hv'dnstin 
narcotin,  cotamin.  berberin-:  morpiulin  <it  phenoMt^rm  ilmorphin,  codein 
i  thcbain). 

neutnl  or  Bitter  Thincq^es. — This  dass  comprises  a  bKerogoieou: 

i  collection  «  subsLanc^s,  which  ha\e  not  been  assi^rned  to  other  classes 

The  principles  usually  have  a  bitter  or  sharp  lasie.  and  arc  usually  crys 
talline  and  non- nitrogenous.     A  number  are  ladana,  i.t.,  derived  fron 
I  alcohol-adds,  by  the  eliaiinatioa  of  H-0. 

»*g»n« — These  are  alio  a  heterogeneous  collection;  indoding  solid 
non-volatile,  amorphous  substances  of  obscure  composition,  generally  non 
niiroeenous.  The  distinguishing  character  is  ih«r  insolubility  in  wiUei 
and  solubility  in  alcohol,  most  iat  solvents  lexcept  petroleum  ether)  SIH 
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strong  alkalies.  The  resins  arc  conlainetl  in  special  vessels,  from  whkh 
they  arc  us\ially  obtained  as  exudations  after  inciMng  the  plant. 

Mixed  Resins. — When  the  resins  occur  mixed  with  essential  oils,  thc>' 
are  natural  oUorcsins:  when  mixed  wilh  gums,  gum-rfsins.  If  they  contain 
arotnatic  acids  {cinnamomic,  benzoic,  etc.,  or  essential  oils),  they  arc  called 
hiisttms. 

Resinoids. — These  are  artificially  isolated  principles  soluble  in  alcohol 
and  in^tuble  in  water.  They  are  generally  mixtures,  often  containing 
true  resins. 

Volatile  Oils  (Essential  Oils). — These  are  odorous  principles,  of  the 
physical  thiiraclcrs  of  fatty  oils,  from  which  they  differ  Dy  being  volatile 
and  soluble  in  alcohol.  They  arc  responsible  for  the  odor  of  plants. 
Chemically,  they  are  mixtures  of  esters,  aldchyds,  alcohols,  ketones,  and 
especially  the  terpens  (Krcmers,  1898), 

The  cocatitupnts  may  Mrparnte  on  cooling,  th«  UquM  pact  bcinK  cnllrrl  rlmfirn, 
the  lolul  ilrarepieH.  Camphori  arc  iuui3ogous  substucex.  but  lolid  at  ordinitry  tempera- 
tare.     Rahirr  (caouTchnui;  itni]  Kulta-pcrchn)  is  alM>  related  In  iIir  terpens. 

Plants  also  contain  many  otiier  alcohols,  aldehyds,  orgajiic  addsi 
aromatic  derivatives,  etc. 

Fats  and  Fixed  Oils. — Typical  fau  (esters  of  fatty  acids  and  glycerin) 
arc  abundant  especially  in  seeds,  occurring  within  the  cells  as  drops  or 
<T>'stals,  The  fats  are  greasy  liquids  or  soft  solids;  when  heated,  they 
undergo  deitimposition,  den()ted  by  acrid  acrolein  vapors.  They  are  in- 
soluble in  water  or  glycerin,  sparingly  soluble  in  alcohol,  and  freely  soluble 
£n  ether,  chloroform,  benzin  (petroleum  ether),  carbon  disulphid.  turpcn- 
*:ine,  etc.  (fat  tolvfnls). 

Waxes. — ITicse  arc  more  solid  substances  with  the  solubility  charac- 
%.cn  of  faU.  Chemically,  they  arc  esters  of  fatty  acids  with  alcohols  other 
cJuin  glycerio. 

Proteins. — These  are,  of  course,  represented  in  all  vegetable  cells,  but 
sic  especially  abundant  in  seeds,  sometimes  as  crystals  (aleuron).  Several 
cLUBes  of  the  proteins  arc  peculiar  to  plants. 

Chlorophyt. — This,  the  green  pigment  of  plants,  is  insoluble  in  water, 
solutik-  in  alcohol  and  fat  solvents.  It  is  allied  tn  blimd  pigment,  but  con- 
tains no  iron.     It  is  readily  changed  and  discolored  by  reagents. 

The  cUorophyl  occurs  t»  the  cells  as  eraiiuli--s  (cblornpl.i^tt),  mnrlc  up  of  n  coIotIcss, 
^''Vy,  prateui  gruundwurk.  coatulniDg  in  ii&  me^hei  ihv  clilurvphyt  |)i>!iu(;ii1,     'I'he 


V^  otMisUi  icoU)'  oi  a  mixture  of  green  and  yellow  colon  (diiuruph}!  anU  xanlho- 

:h1orophy1  Brinulra  arc  found  nutlnl 

Bcht  to  itR^milntc  CO;,  and  coi 
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wning  brown. 


I^fIi.    Tbe*e  ^orophyl  Brinulra  arc  found  mainly  in  the  higher  pJanLi.  and  serve  in 
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UepKMnce  of  Bcht  to  itRiimilntc  CO;,  and  conseaunilly  to  form  starch,  etc.     During 
•«  pMCtM  of  dtyinR.  Cipctiully  if  this  occurs  slowly,  the  piRment  1.1  acted  on  by  acids. 


Odwr  KgouDts. — Plants  are  rich  ui  colors,  belonging  to  various 
(iiemic  groups,  often  iinidentilicd.  Many  alter  with  changes  of  reaction. 
The  brown  coloring  matter  of  barks,  etc.,  is  allied  to  the  tannins  and 
Phlobaphens. 

Bn^^mes. — Different  plants  contain  almost  every  imaginable  kind 
^tcnaent,  a  few  being  used  in  medicine. 

Extractive  Matter. — This  term  Lsa])plied  to  iJie  mixture  of  unidentified 
*'Sttic  constiiucnis;  especially  to  the  colloidal  smeary  mass  which  remains 
Hto  evaporating  any  extract  from  which  the  important  constituents 
klve  been  removed. 
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Hisenl  Salts. — These  arc  fairly  abundant  in  plants,  constilutins 
the  asti  which  remains  on  incineration.    Ca  and  K  are  especially  important. 

TbeK  lalta  >Mm  to  hv  cumbinett  larjcdy  urith  (lie  pratopUun,  ttnd  cxiit  pitttly 
<lltm1vo(l.  partly  as  cryiUU.  Groning  Uwua,  arc  fllumyb  richer  In  salts  tlian  thoao 
InUy  developed. 


PHARMACEUTIC  STANDARDS 

Objects. — Pharmacy  dtaia  with  the  preparation  and  compounding 
of  tlrugA  for  the  purpose  of  administration.  It  has  for  it.s  objt-cis  the 
separation  of  the  active  principles  of  drugs,  their  combinatioa,  and  the 
putting  of  them  in  a  pleasant  form. 

The  Need  of  PtMnnacy.— The  oeccHit}'  for  tndh  an  un  nill  be  reaidxl)-  understood. 
Vtagi  may  be  diddcd  aMoiding  to  their  origin  intu  minctnl,  vcsciablc,  and  udmal 
drwB*.  The  Last  two  are  often  too  bullc^'  to  be  cont'cnicnlly  used,  and  the  ttubeilaiice* 
which  determine  thdr  action  are  often  in  iiuch  a  condition  that  th(>-  <an  not  readily 
be  separated  in  the  body,  and  so  can  not  dvvdop  their  action.  Often,  one  druj;  atone 
does  not  meet  all  the  indications  in  a  diseow,  and  when  sc^'cral  are  given  it  u  ncccs&ary 
to  combine  them  tn  tnch  a  way  that  they  may  not  jnlerfrre  wilh  one  another,  either 
cbemically  or  niechaniciilly.  LaMly,  bavug  chosen  and  prepared  the  drug*  in  a  proper 
manner,  and  hnvina  decided  how  to  comtnne  them,  it  i«  biKhly  dnlrable  to  kIvc  tbem 
In  such  a  fofm  as  will  be  least  objectionable  to  the  taste,  smell,  or  sight  of  the  patient. 

OfficUl  Drugs. — .\  certain  degree  of  uniformity  in  the  sircnjith  and 
preparation  of  piiarmaceutic  products  b  absolutely  indispensable.  Ac- 
cordingly, practically  all  civilized  countries  have  standards  e&taUish«d 
by  law,  to  which  drugs  and  prepurutioos  in  the  shops  must  conform. 
The  book  in  which  these  slandard.1  are  published  ia  usually  called  the 
Pharmacopeia.  Preparations  tblcd  in  these  official  books  are  termed 
"oJTicial."  A  Pharmacopeia,  therefore,  is  an  official  book  of  sUndards 
(or  official  drugs. 

Intamational  Unlfonnlty.— The  first  effective  »t<p  in  Ihb  dirtcUofi  na  taken  b] 
the  ItrusAcls  Conference  ol  1406.  the  "  Interna tiunal  Cottfercncc  for  the  UnibcatloB  o 
the  Form uIji^  for  Potent  Mcdidnci.'*  Thitcon(ctcaaedrewupaU«tof  thcpotcstdrugl 
for  which  unifomiily  was  most  imporianl,  and  established  •ilandard%  o(  atrrngth  for 
them  and  their  prcpuralioiw.  These  ha\x  been  adopted  cucntially  by  m»t  of  the 
dviUaed  nation*.  These  formiilns  of  the  Confcrcni-c  arc  dc«lKtMtrd  as  "I. A.'*  (Inter- 
■dtiooal  jVgtcemenI)  by  the  B.I'.;  a»"IM."  (Piwiocol  International)  by  the  V.S.V. 

Scope  of  the  PhannacopeUs. — ^Thesc  usually  aim  to  include  only 
"standard  drugs,"  i.t.,  those  of  established  value,  including  some,  hopfever, 
which  have  bale  to  recommend  Ihcm  except  i-xlcnsivc  use.  Proprietary 
drugs  arc  gcocrally  excluded,  on  the  pica  that  it  might  be  difficult  to  inforce 
their  compliance  with  the  official  standard.  There  is  also  a  healthy 
tendency  to  rc»lrii  t  Ihr  admiKjion  of  complex  mixtures. 

Galenic  PreparatioDS. — "Galenicals"  arc,  strictly  speaking,  medicines 
prejmrc*!  after  the  formulas  of  Galen.  The  term  i.t  now  used  to  desixtuUi 
standard  preparations  containing  one  or  several  organic  ingredients^ 
as  coTitrastni  with  pure  chcmic  substances. 

Proprietai;  Dnigs. — Drug*  which  arc  protected  by  a  monopoly 
by  patents,  trade  marks,  secrecy,  etc. — are  generally  not  admitted  into 
the  pharmacopeias,  and  are  therefore  non-ofEcial.  They  are  thus  not 
subject  to  legal  control,  and  arc  often  advertised  under  extravagant, 
misleading  and  fatw  claims.  However,  some  of  the  most  valuable  drugs 
arc  proprietary,  and  many  arc  marketed  in  a  strictly  ethical  manner. 


PHAKUACEtmc   HKTHODS 

VUMt  Mtodletoat.— This  term  b  used  to  o>\-er  piroptietat>-  drug*  that  are  odvcttitcij , 
diMCtljr  or  iniliKctlpr,  to  the  lain.  Tiicy  arc  not  tuuaUy  patented,  u  the  umc  would 
imply:  most  B&iuifacttiren  pieltrtiBii  to  rely  upoo  mxtky  to  impoM  on  the  public. 
Tlic  mextica]  profeuion  b  generally  appa«cd  to  patent  mt^dnes  as  a  class,  and  to  lay 
achmtialng  In  puiioular.  "The  ImpoHiUBty  of  controUioc  the  imspoosible  claims 
whack  are  Kwuly  made  in  advcrtttcmeots  to  the  public,  the  wcU-known  dangen  of 
■im  illini,  by  dcMtiplioca  oS  tymptonu  to  the  miodi  o(  the  people  that  they  arc  SuSec- 
iag  from  tbc  miiny  dlKam  described,  the  daonr*  of  the  uncMudoiu  and  innuceot 
fennaUiMi  of  a  drag  habit,  and  l)ie  eviLi  of  Imrmfurtclf-modJcatioa.  Indudiiuc  thedaiucrs 
of  Uk  *p(cad  of  many  mfc«tio«»  and  contagiotM  diseaMS  when  hidden  from  the  phyddbn, 
and  ibMlar  well-known  cooiidentioDs,  an  the  reaaoo*  for  diooouni^ng.  in  the  interest, 
■nd  tor  the  safety,  of  the  public,  thii  reprehensible  form  of  ciiploltatioa"  (N.X.R-). 

The  United  States  Phannacopd*.— The  V.S.T.  IX  (ninth  revisjon)  wu 
tuued  in  September,  iqi6.  It  furni.ihcs  mainly  tht-  standard  definitions, 
tests  and  formula-i.     Il  is  a  legal  .-itundard. 

The  U.5.P.  was  6nt  published  in  iSro,  and  ts  leviKd  evcr>'  ten  year*,  bjr  a  Pharroa* 
oofiasl  Reviiioo  Committee,  appotntcd  b^  the  United  Statei  Pbormacopelal  CoQvcn- 
IM,  which  cowiati  of  delegates  from  pharmaceutical  and  medical  orf^niEationa. 
The  currtnt  committee  of  rvvyon  conusis  of  jo  mcmlieni,  mainly  phanuttdsts,  and  u 
dhUcd  into  15  suboommittecs  and  headed  by  ao  executive  committee. 

The  British  Phannicopeia. — The  R.P.,  Afth  ediit<in,  was  L'i:»tie>(l  In 
191*.    It  resembles  the  U.S.P,  in  scope  and  arrangement. 

Tht  BS.  is  published  by  the  General  Medical  Council,  and  leviMMl  at  irregnlar 
lUcmlL 

Foannlaiy  (ITJ.),— This  U  &  collection  of  (ormuios  for  Iras  ImportaaC 
,  issued  by  ^c  American  Pharmaceutical  Aaoodation.    It  is  alio  a  l«ssl 

Hot  tad  Iloo-ondal  Scnwdls*  (N.N.R.),— Thb  contains  descriptions  of    the 
S,  actions  and  ut«  i>f  tbi»e  proptielary  drug*  that  arc  marketed  in  a  proper 
It  b  issued  by  ihe  American  McdictJ  Aasoclatloa  and  rcviic<j  annually  by 
tCtondl  00  Pbsraucy  ami  Chemiitry. 

iKspensatories. — The^e  are  commcDtaries  whidi  enlarge  and  explain 
tiie  oOxUl  texts,  and  generally  also  describe  unofficial  prq>araUons. 
The  National  DUpenitaUiry  and  the  U^.  Dlsperuwtory  are  principally 
used  in  tlie  U.S.  The  Itntish  Pharmaccutka)  Codex  (B.P.C.K  and 
Hbrr'h  Praxis  are  Mmilar  works. 

VMtBl  Drugs. — This  is  a  i^mall  manual  issued  by  Ihe  American  \fedical 
AncQitJon,  wWch  contains  only  the  most  useful  drugs  with  such  informii- 
tioaidii  at  cspcdal  interest  to  physidaii.-'. 

Fbriiciaiis'  Epitome  of  TJ^S*.  and  N.F.— This  is  another  A.M.A. 
P*l>liat!on,  giving  a  brief  but  critical  abstract  of  all  U.S.P.  and  N.F. 
pwptruions. 


PHARMACEUTIC  METHODS 

Ik  Ihe  tnaking  of  pltarmaceutic  products  ver>'  different  methods  must 
^  Wd,  depending;  upon  the  phy^cal  and  cbcmic  nature  of  the  crude 
dfug,  uid  upon  the  chantcter  of  the  dcMrcd  product. 

IVsc  may  be  rouglily  classified  into  thos«  used  in  the  making  of  many 
oilleran  preparations — gcnerai  methods — and  those  use<l  in  only  a  very 
Hnitnl  iminl>er  of  cases — spfciil  mtShodi. 

The  methods  can  be  best  undcrstoo<l  wheii  studied  in  the  order  in 
"U4  tbey  are  usually  applied  to  tlie  drug. 
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PREPARATORY  PROCSSSSS 

Deskctttion  or  Diying.— This  is  usually  the  ttrst  operation  to  whicf 
the  crude  liriig*  arc  subjected  after  their  collection.     It  serves  a  lhre«- 
io\<l  purpose:  It  reduces  th<;   bulk,  assists  prefer v3i lion,  and  fadUtat 
comminution. 

Formerly  the  ilij-iog  was  done  by  ^reading  or  hangui^  the  dragn  in  uty  loftc 
present  lhc\'  are  uiunlly  plixctd  an  pcrfomCcd  Uay)^  in  upccial  drj'infc  doMis  and  hrkted 
aitUidutly  (ileum.  *tc.),  Thty  axo  often  cut  into  smaller  piecei  before  IhU  drying. 
Die  degree  of  heat  must  not  be  so  lugh  u  to  injure  the  Kiinelinics  very  unttiblc  ' 
KtedleDtk    The  U.S.P.  do^ute*  ji  to  jg'C  u  "gtatlf  best." 

Comminution. — The  next  step  is  comminutioQi  or  reducing  of  the  suC 
stance  to  smallci'  pieces. 

This  h  usually  done  by  machinery.  Crude  vegetable  drugs  arc  nnt  tliced  or 
ebopptd,  often  before  drying.  They  ore  then  brulieil  by  pountiiiig  In  ft  murtsi  and 
fliuiUy  ground,  the  ftn«  jinules  of  powcleni  odtn  stveful  limra.  the  grinding  «urfac«« 
bang  brought  closer  (oeelher  each  lime.  The  miU«  for  this  i>uri>oMr  are  constructed 
on  Ine  Mmc  general  piuicinl««  «»  fiourine  milts,  cmployltig  stunr^,  rollers,  etc.  The 
details  of  the  process  uted  oepend  upon  the  phy^col  chnracler  of  the  drug.  A  fibrous 
material  like  bcorioc  root  requires  a  diSerent  procen  from  n  friable  tubstancc  tike  gum 
ocado. 

On  the  small  Kale,  druu  mills,  constructed  more  or  less  un  the  principle  of  the  coffee- 
mill,  ore  used  for  fibrouv.  *□(!  mortar  and  pcttle  for  friable  dtugt,.  Mortara  are  made 
of  iron,  wrdgewood,  ponrcluin,  and  gloM. 

Pulrerizatioa  i.->  comminution  to  a  powder. 

Trituration  is  the  process  o(  rubbing  (not  pounding)  a  substance  to 
powder  in  a  mortar. 

Some  points  deserve  special  mention.    Often  a  subsunce  will  not 
powder  by  itself,  but  will  do  so  when  mixed  witJi  another  subalanc 
e.g.,  sugar  of  milk.    This  is  called  "  pulverization  by  inter%'ention."     Sor 
times  it  is  well  to  moisten  the  drug — e.g.,  camphor  with  alcohol,  m 
vomica  with  steam,  etc. 

Pimatest  of  Po^^-der. — In  the  process  of  percotikliun.  pteienlly  to  be  dwcribed.  it  ia 
often  CHentinl  lo  uk-  a  powder  of  >  certain  <legrc«  of  finene«.  The  powders  are  there- 
fore sifird.  and  are  closailied  occordEng  to  the  site  of  the  ncthet  of  the  sieve  through 
whidi  they  pou,  thus: 

No.  So  -  So  meshes  to  linear  inch,  very  fine. 
No.  60  =  60  meshes  (o  linear  inch,  fine. 
No.  50  =  moderately  fine. 
No.  40  =  moderately  coarse. 
No.  JO  •■  coartc 

Sbce  the  different  Mruclurc*  in  a  crude  drug  do  not  powder  uritfa  equal  re 
it  is  mtcnlial  llial  the  whole  of  the  drug  to  be  powdered  should  be  passed  throuRh  the 
sieve,  die  the  different  |)i>rtbns  will  nal  have  the  same  composition. 

Lvri^tioii. — ^This  is  employed  lo  obtain  very  fme  iMwders  of  Inmluble  substaacM, 
t»  makmg  Ihcm  into  a  thick  paile  witli  water,  and  rubbing  tliis  betwetn  polisbwl 
■Tab«. 

Bhurlatiod  ■»  used  lo  ««parate  ftns  loMluble  powder*  by  suspcading  them  la  w»t«r 
and  decanting. 

PS0CX8SES  OF  SBPASATION 

For  the  separation  of  the  desired  ingredienu  from  the  inert  material 
three  methods  arc  in  v'ogue,  depending  upon  the  nature  of  the  active  con- 
sUtuentB.  If  volatile  constituents  arc  lo  be  separated,  this  may  be  readily 
done  by  the  appdcalion  oj  heat — distillation  and  sublimation.    If  they 
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[are  not  volatile,  the  separation  is  UHu^lly  cfTectcil  l>y  »iKMting  the  drug 

'lolhciw/itfn  oj  some  soheni  tii  which  the  desired  principles  ate  soluble, 

kntl  the  rc&t,  u  far  as  mav  be,  are  itisolubk-.     In  certain  cases  some 

mechanical  means  are  tulTicient,  as  in  the  scpnration  of  fixed  oils  from 

seeds,  cu.,  by  prt-mre. 

Septratioa  b;  Means  of  Heat — Tlii^  may  be  done  whenever  the  sub- 
stances to  be  separated  have  a  difFercnc  boiling-point,  and  are  nol  them- 
selves destroyed  by  the  neces-tary  degiee  ot  heal.  The  methods  used 
must  vary  according  to  whether  the  fi-vcd  or  the  volatile  portion  is  desired, 
and,  if  the  latter,  according  to  whether  il  is  liquid  t>r  solid. 

Defecation,  Tonefaction,  Caibonization,  Ignition. — With  all  these, 
the  object  U  to  drive  otT  some  volatile  constituent  from  a  solid,  the  fixed 
leuduc  bcinR  the  portion  desired. 

When  the  heat  employed  is  of  such  deRrw-  as  not  to  chanfte  the  chemic 
composition,  the  process  is  spoken  of  as  desittalion. 

r*rr(/<KJMH(.— Tbe  pn>co«  of  rOMtlnii:  the  object  ttcinx  lA  cmplny  tuch  »  degree 
•I  iMt  u  «3I  alter  tome  of  the  comtitueot*  mthout  aSecting  olben.  The  lotuttng 
d  alltt  h  B  faniliar  cxunple. 

Ciiifkaiitm. — The  Ik^iIdk  o(  orj^olc  lubstzacos  andrr  «xclusloii  ol  tit.  The  ob- 
inh  M  drttroy  the  ctK-nuo  ooamotntion  without  uridattoo;  carbua  reralii  in  the  pnt- 
«*  (riifrtAble  or  ftnitnal  churcou). 

/jatltM.— Thi»  U  the  proccH  ot  heallEii  m  »ub»l*nce  Blronjti)',  usually  In  a  oudble, 
^^(■iIIkcmi  of  air.  so  Ai  to  rf!cct  complete  oiidation;  nothing  but  the  uhe  reraain. 

Bnporattoo  consists  in  vaporizing  the  solvent  from  a  solution,  the 
obiect  being  the  concentration  of  the  dissolved  substance. 

SJBCt  tkc  rajMdity  of  the  cvapotalioo,  uide  from  the  quantity  of  heat  applied, 
difak  upoB  the  exlcQl  of  the  liquid  cipoted  to  the  air  and  to  the  hut,  diibu  «*  Dai 
ttpadUt  are  chortea.  For  ordinan-  pharmaceutic  and  chemic  purpoie*,  tho»t  made 
<t  MecUia  arc  of  most  frciiueni  soM'ice.  Vcawla  made  of  kIum.  iron,  platinum,  etc., 
Mipplication  ta  ipcdal  ciuei.  The  heat  mav  be  applied  directly,  *ay  by  means  of  a 
I^M  dam*,  only  a  piecf  ol  wire  gauie  or  a  plate  of  asbestos  or  Iron  bclnfi  lnltrl)o*cd. 
tbwdwdcan  be  umcI  uoI}'  wIicd  there  Is  do  danser  oC  in jurins  Uie  solution  by  excei- 
iiit  bnl,  cither  the  auhaloacc  being  iocnpahle  of  change,  or  I^c  solvent  gu£5cicnt  io 
*BNBt  tt  that  the  temperature  can  not  ri»c  much  tieyand  its  boiline- point.  If  thltlt 
WBc  taw,  tome  method  must  be  used  of  regulating  the  amount  of  heat  applied,  and 
■aadtocbyspiilyiag  the  heat  indirectly  through  a  bath.  This  conritto  of  an  outer 
xmI  aitd  irith  water  (ll^mm),  oU,  sand,  or  air. 

'HtcnpHlity  of  evaporation  may  be  cooMilerably  increased  hytliniui,  thus  exposing 
•  maludy  rtncirrd  mriaee  to  the  air. 

Ill(MM  where  the  e\-a|>oralinn  niuslbecarriedonat  atrmperalurebeloir  llie  l>oiling- 
HBl4lheMivcnt,  tluinuvbcdoneeitber  byevnpotationover  H,SO,.  ot  ina  vacuum, 
arkr  paniag  a  current  of  aricd  air  throunh  the  liquid. 

""empwatioo  which  occurs  from  the  turfucv  of  aliquid  rtfH'>«rd  to  air  at  ordinary 
^yrMwe  i»  called  "lurf.Kf  emfttralion."  It  varies  in  quantity  with  the  amounl  of 
■"•JU  t^Med  and  with  the  temperatare  and  dryness  of  the  air. 

<*UB  very  Inflammablr  llr|ui>l<  (ether)  are  hdag  evaporated.  thl»  tliould  be  dose 
M I  blip  ■atrr-halb,  and  the  itunsen  flame  should  be  protected  by  wire  gause. 

SnbUoittioiu — The  process  of  separating  a  volatile  from  a  non-volatile 
■olid  by  beat. 

Tins  nay  be  done  In  a  distilling  apparatut,  provided  thai  the  cooling 
tube  bs  sufficient  lumen  to  prevent  its  cloggmg  by  the  condensation 
fi  the  nblimatc.  'I'hc  apparatus  is,  however,  usually  modified.  A 
■i^ilt  illustration  of  this  proccu  is  the  old  metliod  of  manufacttiring 
bensoic  icid  from  gum  benzoin,  a  paper  hood  being  used  as  condenser. 

INltinatioa. — The  process  of  separating  a  volatile  liquid  from  a  less 
•wlile  liquid  or  solid.    (The  difference  belweai  sublimation  anddistilla- 


36 


MANUAL  OF   FHAKUACOLOCY 


tion  consists  in  this,  that  the  product  Is  solid  in  the  fonner,  liquid  in 
Utl«r.) 

Althoush  distillation  i^  ^uch  a  rcndy  and  ^mple  meuai  of  Mparatloo  that  ooe 
would  think  it  muit  have  been  dbcovcrtd  at  n  very  cofly  time,  tnch  docs  noi  appear  to 
have  been  the  cue.    We  And  the  6nx  record  of  It  b  the  writinics  of  the  fourth  ccoiui 
akhcmlst». 

The  typical  apiwnitus  used  for  distiilalion  con^sts  of  throe  parts. 
The  stiit  (retort  or  flask),  the  vessel  in  which  the  vapor  is  ^nerated. 
The  condenser  (straight  or  spiral),  the  apparatus  in  which  the  vapor 
cook-d. 

The  receher,  tor  receiving  the  condensed  product. 

The  alembic  b  the  old-time  still,  and  dilTers  from  the  retort  In  having  a  charab 
(helm  or  huod)  where  the  vapur  U  partly  condetucd.  By  tittios  the  heUo  on  the  boi 
with  a  flange  joint  N  very  iride  opening  cnn  be  Kcured,  which  it  of  UM  in  clonini 

FfMiiontii  diitiUali«a  \»  the  proceu  o(  acparatlag  a  mixture  of  liquids  of  dii 
boiliug-pejots  fay  distillation. 

Detlmtlht  ahtiBiUkn  It  the  name  applied  to  the  procrs*  of  heating  n  tubstance 
Strongly  u  to  docomiKne  it,  and  collectlnK  the  volatile  producta  arlaioK  from  this  d 
composition:  i.e.,  in  tnc  coie  of  oigaiuc  bodict,  bu. 

Solution. — This  consists  of  incorporating  a  solid  into  a  liquid  in  a  sta' 
of  "molecular  subdivision." 

That  i*,  the  molecule*  of  the  aolid  diSute  themielvn  in  the  liquid  and  becorae 
widely  separated  that  do  lolid  particlM  arc  by  any  mean  di«cemtbl«.    In  atlier 
the  solid  »  llijueTied  and  lis  molecules  Iniermlnfcle  with  thote  of  the  solvent. 

A  limflc  soluJuni  it  one  occurring  in  the  manner  detcribcd,  the  change  in  the  m>UA 
being  phyacnl.  When  a  chcmic  change  takes  place,  the  process  Is  called  ekemk  lalititu 
(*ucn  as  the  wlution  of  a  metal  !n  an  acid).  i 

A  solvent  is  capable,  under  given  condition*,  of  diMolving  but  a  limited  amount  <j| 
a  iciven  Mlid.  A  solution  which  contains  as  much  of  the  solid  as  the  liquid  caa  dttaolv» 
under  these  condition*  is  called  a  Mtur-Utd  ioluiton.  The  condation  which  has  ths 
greatest  indur-ncc  upon  siilubility  is  the  tcmpcratuic.  A  liquid  can  usually  dinol 
the  more  of  tlie  solid,  the  higher  the  tcmpetatut«>  There  arc,  however,  a  few  exccptli 
to  this  rule. 

If  a  solution  aaiumtcd  at  a  high  temperature  is  allowed  to  cool,  the  oripnally 
solved  substance  wilt  be  In  excew  of  saturation.    Under  certiun  oonditicina  it  may 
renuin  in  solution  at  the  lonrcr  temperature,  this  beinK  a  luferiMmtUd  tolntii 
Ordinarily,  hon-evcr,  the  excess  will  Kporatc,  luimlly  in  ct>-itatline  form.    Tllis 
it  called  cryslailitiilitm.     It  is  f  r«]uently  used  as  a  means  of  purilicstion. 

A  iuilutiun  which  contains  leu  of  the  wlid  than  it  is  oquble  of  ^stolvin^  is  an 
saturated  wlution.    A  saludon  which  is  Mturatcd  with  one  substance  !s  stiU  capal 
of  diasolvlnit  others,  though  not  aa  much  as  U  It  wrrro  the  pure  solvent. 

Solution  is  effected  by  pladng  the  solvent  in  contact  with  the  substance  to  be  _ 
•otv«d.  The  proccM  may  be  hastened  by  applying  heat,  or  by  cxpoaiag  the  largMl 
possible  surface  to  the  action  of  the  solvent,  rbclatlrr  may  bo  dune  by  uiing  the  nlH 
stance  in  a  pulveneed  condition,  and  W  coiutant  stirring.  With  cirtuUlory  tohMm 
the  tubitoncc  is  suspended  aar  the  lurface  of  the  solvent.  At  thU  take*  up  the  strt>- 
alance,  it  faim  In  specific  sravlty,  and  hence  Hnkt  to  the  bottom,  a  new  portion  ol 
liiiiuid  takmg  its  place.  The  sumc  object  may  be  secured  by  a  pniceu  anatocooi 
to  percolation,  the  powder  being  placed  In  a  tunnel  partly  occluded  by  a  pledget 
cotton,  etc.,  and  the  solvent  allowed  to  percolate  through  it. 

The  limple  solution  of  a  substance  always  causes  a  deptctsloa  of  temperat' 
But  if  a  chcmic  chanse  occurs,  the  temperature  may  be  raised. 

The  procc^  of  solution  applied  to  crude  drugis  has  for  it.«  purpose 
separation  of  tlie  active  ingredients  from  the  insoluble  inert  material. 
The  object  is  to  dissolve  out  the  ^catest  pos&tble  anvount  with  the  least 
possible  menstruum.  This  accomplishes  two  results:  We  obtain  a 
strong  extract,  and  w«;  waste  neither  drug  nor  menstruum.    There 
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number  of  methods  o[  accomplishing  this,  L-ach  with  its  advocates.  They 
are  combinations  of  two  extremes:  maceration  and  percolation.  NdlJicr 
rf  these  is  cummonly  used  aJone  in  this  country,  the  practice  being  to  com- 
bine the  two. 

Maceration  is  by  far  the  simpler  procesa.  It  con»iNl»  in  simply  leaving 
the  solvent  in  contact  with  the  drug  under  suitable  conditions  for  a  suffi- 
cient length  of  time. 

WbCD  muccnition  alon?  it  emplayed.  a  given  qiiftntitjr  of  the  drug  is  put  in  a  bottle 
or  otbcr  ftuitittile  vessel  with  a  definite  proportion  of  the  »olvcnt  (c&Ued  menstnium) 
aBdleftaceitaioluiu.  usually  a  wFirlcurlwu.  Ttte  liquid  it  then  luaincd  off,  the  rcddue 
(maic)  b  cxprcucd  and  the  mixed  cxUnct  filtered.  The  details  of  the  proL-u*  an 
influenced  by  the  fincne**  of  tht  jiowder.  the  limt  uf  raaccration,  and  the  temperature^ 

DtHcrcnC  namci.  .ire  fpven  to  the  process  .iccording  to  the  lemper.'klure  at  which  II 
b  canted  out.     Maceration  nruper   =  room  tcrnjier.tluiv;  jo°  lu  4o''C.   =  digrslion: 
boffing  *  decoction.     Puuiblc  injury  to  some  con-ttiluenis  by  heat,  or  evaporation  «{  I 
a  eoauitnent  or  of  the  tolvrni,  arc  ol)jcclions  in  ( he  aiiplioilion  of  htrat  in  cvrluin  tales. 

TUs  process  of  maceration  is  the  one  almost  eicluwvely  employed  in  Europe;  and 
it  ofien  ccftnin  advjntxgai.  not  the  least  being  its  simplirity  anil  the  conitant  rejEiilts 
which  it  K>"e«-  lt»  nuin  disadvantage:  arc  the  rLtiulred  lime  and  the  h«s  of  the  extract 
retained  in  the  iowluble  residue  or  "mart:."  Certain  drug*  are  phyHcally  unfit  for 
peroolation.  idnce  the  moistcniog  causes  them  to  form  into  a  tough  msM,  as  good  u 
ImpcnctraUc  to  the  mIvciiI. 

Tlie  lo»a  of  menttruum  doci  not,  of  course,  weigh  when  an  aqueous  iolvent  ii  used 
ftfid  only  fimall  quantities  arc  prepared.  Hence  maceration  is  u«cd  in  making  infusion* 
and  decoct  toni 

Percolation  consists  in  jia-tsing  a  solvent  through  a  thick  layer  «f  the 
powder  to  be  exhausted.  This  exposes  a  large  surface  of  the  latter;  the 
nearly  saturated  solvent  flows  off  and  fresh  unsaturated  portions  contin- 
uously rqilncc  it.  insuring  verv-  rapid  solution. 

The  princiijlc  of  the  nielhtjd  i*  to  pack  the  powder  into  a  tall  vessel, 
with  an  opening  at  the  bottom,  and  to  let  the  solvent  trickle  through  it. 
Usually  the  process  is  combined  with  a  short  previous  maceration. 

TheU.  S.  rharmaoop^definui  percolation  as  consistinxin  "subjecting  a  aubvtanoa 
«r  a  mixture  of  auhttAnco,  tn  powder,  contained  in  a  vessel  cdlcd  a  nercabtnr,  to  the 
wlvest  action  of  svcotsiivc  portions  of  a  certain  memtruum,  in  Huch  a  manner  that, 
the  liciaid.  as  it  traverses  the  powder  in  its  descent  to  the  receiver,  shall  be  charged  with 
llw  KMuble  portion  of  it,  and  pass  from  the  percolator  free  from  Insoluble  matter." 

The  detaib  are  33  follows: 

The  ponder  (tbe  fineness  of  which  depends  upon  the  nature  of  the  drug  ami  is 
dtrCCtcd  lor  each  CMC  by  the  Phaimniiopeia)  \%  inoiMcncd  in  a  jar  with  some  of  the 
nenslruum.  This  moistening  is  lor  the  putposc  ut'  swelling  the  drug,  for  i(  this  toole 
place  in  the  percolator,  the  drug  would  become  so  firmly  impacted  that  the  menstruum 
could  not  penetrate  through  it;  or  it  could  even  burst  the  percolator.  The  moistened 
powder  i*  then  passei!  throuBli  a  coatsc  sieve  and  UausfcrtcJ  to  the  prepared  percolator, 
rtich  it  should  fill  about  two  thirds. 

Tbe  choice  of  the  shapic  of  the  percolator  depends  upon  the  nature  of  the  drug. 
Sbaold  tbe  drugs  have  a  tendency  lo  swell  particularly  if  they  ate  In  line  powder  or  1( 
•nk  aloobol  menstruum  is  used,  u  conical  percobtor  is  employed;  otherwise,  the  , 
cyUodrlcaL     The  size  corrf^ponds  to  the  ([uantity  of  the  powder. 

jImiHKiiMitl  ef  Ptrailalor. — The  ^'rculutur  Js  prepared  in  tl)e  following  mantier 
(n^  t):  Into  the  entail  end  there  U  mscrled  a  cork  perforated  by  a  short  glass  lube 
■tiichjirojectAaboutt  cm.  inside  the  percolator.  Thcoalcrendot  this  tube  is  attached 
to  1  piece  at  nibbcr  tubiOK.  about  one-fourth  lonaer  than  the  nercolator,  and  (lus  to  a 
U'thapcd  gUi»  tubcL  Tha  is  held  lo  the  perr«lftliir  by  a  ruribcr  band  in  such  a  way 
tlttl  It  caa  bo  raised  and  lowered.  The  percolator  is  then  ictin  the  stand.  Aplediitel  of 
■tmcbent  cottonfis  loosely  pocked  in  the  neck  of  the  per^-'ilator  and  this  is  covered  by 
t^Tcrof  clean  sand,  aijcl  over  this  goes  n  weU-fitling  disii  of  filtifr-paper.  Then  tha 
■mcned  drug  »  pressed  in — and  this  Is  the  nan  of  the  ptcKcvi  which  requires  the 

Kl**l  skill  and  jmlKnient.  and  on  it  depends  the  ?ucce?*  «f  ibc  product.     It  should  be 
■■  vwy  evenly,  else  the  mcnttruum  mil  choose  the  path  of  least  rcaistuncc  and  iomc 
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portloiuuf  t1i« powilet  wit]  be  enticdy  cxiuustcd  wUbtotbenacestiUKBicdyi. 

The  finnncw  of  the  packloK  Is  abo  of  grett  imporUnce;  if  not  firm  cdoiidIi,  the  men- 
stnium  will  run  Uirough  too  raiudl^'  and  the  rwrcolate  wit]  coiutquentJy  be  wcalt.  If 
too  firm  U  cjiD  not  run  nt  all;  and  if  any  swclun^  occun  Uie{)erco1ator  irill  be  brokeo. 
Drugs  in  conrnc  piwdcr  i-hould  be  patLeJ  more  nnnly  than  One  powdraa.  An  alcoholic 
mcniitruum  requirci  firmer  pucking  than  a  walery  one. 

The  packtnK  l>dnK  completed,  the  mendruum  in  poured  on  untQ  It  Stands  aa  tncli 
or  Iwo  above  the  drug;  the  peroilalor  ii  then  covered  and  set  aside  for  maceralioa 
tta  a  sped&ed  iJme,  llic  tube  being  raided  to  Ihnl  no  liquid  Itowi  ouL  ^Vhcn  tlie  lime 
of  maceTution  is  completed,  the  tulie  h  lourervd  and  fixed 
at  such  a  level  that  tlic  outdow  occurii  at  Ihe  rale  of  i  to 
i;  dtopn  per  minute.  New  mentlruum  U  poured  on  la 
the  meaxuri'  Ihnt  llie  old  ttou'soul.  C-itre should  be  taken 
a1v«yfi  to  maintain  the  lay^r  o(  liquid  above  Ihe  powder; 
else  cmdui  may  appear  in  tlic  latter,  nccciMitAlin|[  re- 
packing. 

The  priKCH  in  continueiL  in  the  case  of  tincture*,  until 
n  ccrUdn  volume  of  pcrcohte  it  obtained.  The  quality  of 
Ihe  percolate  will,  of  course,  ilt'iicnd  upon  the  care  and  »kfll 
of  the  uper.ilur.  and  Ihe  product  is  apt  to  varj'.  Nt sccra- 
lion  would,  (hcrcfotc,  be  a  belter  proccst  for  lincliire». 

ThiA  dilTiculIy  it  avoided  in  the  caw  of  exlractit,  for 
here  the  percolation  U  continued  "until  the  drug  b  ex- 
haustnl:  !.«.,  until  the  active  ingredients  have  bccotne 
comnlrlcly  diswlved  out.  Thift  is  rccoKni^-d  by  If-iting 
the  fait  portions  u(  the  peroolale  in  the  appropriate  man- 
ner, luch  ni  Mayer's  reagent  for  ulkaloitU,  water  for  rcsuu, 
etc.  It  mny  here  be  remotkcd  lliat  n  drug  is  usoaUy 
mora  rapidly  eiliausltd  of  in  acllvc  {riicii'dii-nti  than  of  lit  coloring-matter,  jo  that  the 
Ust portions  of  percokle  may  be  colored  and  yet  devoid  of  activity. 

The rhiiict  fif  a  meutlrHum  muKt  be  dclerminrd  by  the  nnlureof  the  const [luenls.  The 
object  it,  to  exirnct  all  the  active  InRredienli  and  ihe.mloimum  of  inactive.  .Alkaloid* 
and  rMins  require  sirone  alcohol;  gumi.  weak  alcohol;  licorice,  alkaline  alcohol;  wn- 
BuinoiJa  and  ergot,  tkcidiAed  aln^ol;  gentian  and  quaicaa,  water  plus  alcohol  enough  to 
Erep. 

Phantuceutic  Solvents. — The  mosl  useful  are  the  following: 

W<U^  or  Clycrrin. — Dissolve   salu   (including   those  of    alkolo 
sugar,  gums,  tannin,  aciils.  and  alkalies,  etc. 

DHuU  Acttic  Acid. — Especially  for  alkaloids. 

Alcohol. — Dissolves  alkaloidaJ  salts,  neutral  principles,  resin.t,  volatHe 
oils.    Preci|)ilat«A  gums  and  most  inorganic  salts. 

Elhtf,  Chhrofarm,  Aedorif. — Dissolve  Ircc  alkaloids,  neutral  principles, 
resins,  volatile  and  fixed  oils,  and  fats. 

Petroleum  BfttstH. — Solvent  properties  as  the  preceding,  except  resin::>. 

Aromatic  Spirits  of  Ammonia. — Dissolves  resins  and  organic  acids. 

In  the  cajic  of  rery  wfafiie  mitHSttua,  such  a«  ether,  chloroform,  or  petroleum  elher, 
•ome  mean*  muit  be  employed  to  collect  and  return  the  evaporated  tulveni.  One  of  the 
beat  apparatus  of  this  kind  ^  the  familiar  Soxhict  extractor. 


Pm.  1, — Mtthod  of  peKutt- 

lion  (Thomlon). 


of  separating  a  liquid  from   a  »olid   by 


Expressloa. — ^The  process 

jjrcssure. 

Its  principal  employment  in  pharmacy  ii  for  the  recovery  of  tinctures  from  the 
"marc  i.e.,  the  liquid  rclunod  by  the  drug  rcuduc  after  maceration  and  percolation. 
It  b  oIm  a  proceu  of  separating  ftxed  oils. 

The  drug  i>  put  in  a  coone  strong  cloth  and  subjected  to  prewure  in  a  press.  These 
are  of  various  pallrrrts;  screw,  lever,  hydraulic,  or  ccntrifagal.  The  preHuie  mu»i 
be  applied  gradually  to  prevent  the  bunting  of  ihc  doth.  Small  quaDtlilet  can  often 
be  pressed  sufficiently  by  putting  them  into  a  cloth  and  lightly  twuCing  Ihe  end. 

Straining  or  Colation.— The  process  of  separating  solid  coarse  particles 
from  a  liquid  by  pouring  it  through  a  cloth  or  strainer. 


I 
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Filtration. — The  process  of  separating  solid  particles  (fine  or  coitrsv) 
from  a  liquid  by  pouring  it  through  a  iliicly  porous  material,  such  as 
filler- paper. 

The  uiudI  material  for  filUalion  h  puce  unsucii  paper.  "tUtcr-piiprr,"  which  i»  m»ilc' 
of  I'arious  Krinir^ — while  and  guy— und  of  ^srjiiiK  t(':(turc  and  llmknew  accarding  to 
the  puipoM."  for  which  il  b  lo  be  used. 

There  are  two  principal  methods  of  folding  >  fitter — plain  and  plaited,  Th<*e  two 
filters  hAv«  different  ubm.  The  plaited  tiller  iilTcrb  a  much  larger  surface  [or  filtration 
aiKi  b  therefore  more  rapid;  it  Li  the  form  usually  cmplorcd  in  phaimiitcy.  The  pl.'un 
filter.  Ml  the  other  hanif,  focililntcs  washing  and  removal  e>f  the  preclpiLate,  and  is  of 
note  frtqucnl  use  in  chi'mistry. 

Other  roateriali  are  lomctimes  cmploved  instead  o£  paper.  A  very  useful  filter  (or 
lance  uuanlitie:*  of  liiguiil  i>  made  fn>m  fJt.  A  pititi  ni  f{1a«v-iviKil  or  asbeslo*  pluted  in 
the  tui)e  of  the  funnel  is  especially  useful  for  strong  adds  or  atkalici.  A  cell  of  porou* 
clay  K  abo  employed,  oR  in  the  various  forms  of  the  Chanjberland  titter.  With  this 
■  vacuum  i*  inaispeosablc. 

Dialysis. ^Th is  is  sometimes  used  to  separate  crystalloids  (alkaloids, 
salts,  etc.)  from  colloids  (extractives). 

Deoolodiation. — Il  is  often  desirable  ta  remove  the  calorine-nuitta  from  a  solution. 
Thii  may  Eometinncs  iie  afci^mplithed  by  choo^ng  appropriate  sjlventn.  Mori'  iilteti, 
hoatever,  the  tolution  is  filtered  tliruugh  rcci-nlly  culriiied  animal  charcual.  This  very 
often  retnint  wmc  of  the  active  constituents  as  well  u:.  Uie  coluiing- matter. 

CliiriAcatloti. — The  process  of  rendering  turhld  miitures  cleAT  uid  tranHpareoI,  by 
removing  the  suipended  solid-  When  filtration  dvt-i  not  suflice,  the  object  is  accom- 
pGthed  by  aeilatuig  the  mixture  with  insoluble  puwderi  (talcum,  phatphnlc  of  lime. 
■Inminam  hydrate)  or  by  adding  egg-albumen  and  boillns;  or  eomciimes  by  the  cui- 
Irifugal  mitdtine. 

Sterilization.— The  destruction  of  bacteria  and  their  spores  is  accom- 
plished by  the  various  cuslfimary  methods. 

CLusa»imdcltllmiiU  m.ay  he  sterilized  by  dr>'  heat  of  t(>ola  ito'C.  for  twohaurii; 
by  SUf>eTlicated Ue&in  c>  ii ;  to  iio'C.  for  fifteen  miuulef.;  healinK  in  a  current  of  steam 
fm  thirty  minutes  or  boUiog  (or  fifteen  minuter,  especially  in  o.i  percent,  sodium  bicar- 
teoalc.     KilU  all  noa-iporc-beaHng  organisms. 

MKlimit  IM  are  mtt  readily  davmpastd  by  heat  may  be  boiled  La  a  current  o(  steam 
lor  ODC-haU  or  better  one  hour. 

S«l-licin lli*l crt  rfiidily itrtomposeiiby  heat  lae cithd  prepared  a«;ptiralty  or  filtcreil 
Ikreuitfa  poTcelain. 

EmHinom  I'm  [lyecrin  or  oil  are  prepared  itseptically,  the  solvent  bunii  first  stertliied 
f>y  beat- 

PHARUACEOnC  ASSAYING 

DiSerent  samples  of  vegetable  drug:  lUdy  vaty  widely  in  lllc  quantity  of  active 
toaititucnls  which  they  contain.  Thc=e  \arintloni  are  most  undesimble  [rum  a  thcra- 
Muttc  standpoint,  especially  when  they  occur  in  patent,  so-called  "Aeroif"  drugs. 
Inoixuiic  diu^  ur  other  dclinitc  (hemic  compounds  are  tiol  subject  10  Lhls  vurlutioni 
bat  tn  ntany  casen  the  rcmc>\'nl  of  the  last  trncci  of  innocuous  impurities  would  greatly 
iacreaw  their  cost  without  tidding  to  their  therapeutic  uselulneMi.  The  plmrmucopeia 
bas  therefore  aimed  to  furnish  ([u.-uititalive  methods  of  estimation,  assays,  wherever 
pCMiibtc,  and  to  i-staliliah  iirnrltciil  Mandaril«  to  which  medicinal  sub«iiince&  rtiUKt 
tduform.  With  inorganic  drugs,  il  slates  the  largest  permissible  uuaulity  of  innocuous 
Inpvrilie*  (usually  lo^  than  :  per  cent.).  With  crude  vegelahlc  dnig^,  it  )itatet  the 
Wma.t  permis«iblcpcrccDtaKeuf  KL'tive  ingredient,  wherever  practical  methods  tot  their 
dttermination  are  available.  Asuyed  galenic  preparations  are  direrted  lo  be  diluted 
to  a*  to  contain  a  dehnite  proportion  of  active  cnntlitueiils,  c(irre?poudiiig  to  the 
miiimum  iiermilled  in  the  crude  drug.  T'hcM-  pte|)aialions  should  therefore  be  pre- 
fctred  lo  the  cnide  drug  whenever  accurate  dosiigc  h  desired. 

The  iiuiiy  of  iiuTganU  dtiiii  involves  the  wrll-kitown  methods  of  ordinary  quan- 
titative analysis,  volumetric  processes  being  preferred.  Special  tesls  arc  furnished  for 
^Etcrainiiig  the  permisuble  bmits  of  ocddentiU  imptiritics,  and  the  pretence  of  harmful 
iccs,  sue})  as  metals. 


so 


lANTJAI.   OF  PHARMACOIOGV 


A  strict  of  volsulc  oilt  arc  ttaayod  for  Uieli  most  iraportant  ineiedienl.  Pats  and 
fixed  mU  are  tested  for  their  "iodin  abMrptinn"  and  "Mponilicd(ioii  valucii*'  t«*uu 
tor  this  "acU  nurobw,"  some  vegetable  products  lor  their  a»h.  These  tetU  icrve 
tnainly  for  idcntiliaktiDa  &nd  the  exduuon  of  willful  adultcrationii. 

Pcp^  is  auaynd  lor  it<  di([«tWo  power  for  protein*,  paacieatin  for  lUrcli.  In 
minoiu  dni^  aucb  as  Jalap,  Scwnnioiiy,  or  GuiUik,  the  proportion  of  etber<  or  aloohol- 
soluble  nuitter  U  determined. 

Till-  mogt  ImporUot  dam  of  sawr»  rctot«  ta  drag*  CBBllillini  alkaloidal  jutuiplM, 
utilLdng  the  meUiod  of  inuniuible  solrrats.  ai  in  tuiioolagic  analyus.  Thu  rest*  on 
the  [act  tliat  Ikc  Alkaloids  are  generally  tnlulilc  in  chloroform  or  ether,  whilst  thdr  mIu 
are  iiuotuble  in  these,  but  soluble  tn  wsier.  In  principle,  alkaloid*  are  extracted  hy 
chlomform  or  ether,  or  a  mixture  of  bath,  in  slkaline  reaction.  Thit  tolulion  is  then 
shaken  In  a  leparatoc  «4th  acidulntc<l  wntn,  which  converts  the  alkaloids  into  »lti  and 
disEMtvc*  them,  leii%'inK  Ihe  tmputitics  behind.  For  further  purtfication,  the  watery 
eolation  is  OKnin  rendered  alkaline  and  extracted  nith  ehloroform  or  ether.  Thb, 
on  evaporation,  leaves  the  fAirty  pure  slludoid  which  may  be  weighed;  or  titrated,  bjr 
dissolving  it  in  a  known  amount  of  acid,  and  titrating  back  with  allcuL  Each  cutMC 
ccnllmrlcr  of  acid  corre«pand>  to  a  ikfuiilc  (luantity  ol  each  alkaloid.  It  is  impurUnt 
to  observe  the  directions  minutely  to  obtain  reliable  results.  Tlic  ^rc«ni«  foe  eilractn 
BAd  SuidcxIractK  dilTcrs  merely  in  detaib  (the  percoktion  being  omitted,  etc).  Tine- 
lures  arc  fir*l  conoentrnted  hy  evapomtinn. 

Thii  method  utlmslcs  the  Mini  of  nil  the  alkaloids  prewnl  in  the  dru^,  and  suflices 
when  the  important  one  predominates  very  largely  over  the  othert.  When  this  b  not  the 
case,  It  is  neccfSiir)'  to  oonlinc  the  nMny  to  the  particular  altoJind  dcfired,  generally  a 
very  diflicult  matter.  In  Hydnistit,  adi-aniage  Is  taken  of  tlie  comparatively  (greater 
Milubility  ol  hydrnstin  in  ether:  in  Opium,  of  the  oomparative  iniolulribty  of  the  morphin 
in  this  solvent.    In  Nux  Vomlcs,  the  brucin  is  Kiaoved  by  oihJldng  it  with  nitric  acid. 

Bii^Astay, — Uruzs  which  depend  for  their  activity  on  neutral  principln  are  un- 
fortunately tuuuttable  for  chenuc  assay;  there  bdng  no  reliable  chemic  method  for 
Htimatina  the  constituents  of  Apocynum,  CMnabu  Indica.  Convallarls,  nisiinltn. 
Ergot,  ScUla,  etc  Attempts  have  been  made  to  BUpplj'  this  deficiency  bjc  phydolodc 
nusitenlizBtioii— estimating  the  strencth  of  a  preparation  by  companng  it*  elfects  on 
animals  with  those  of  a  standard  proauct  A  yml  fatal  dose  b  KeneralJv  the  best  cri- 
terion for  quantitative  work.  Individual  diSerences  of  sunccptiMiit)'  and  absovption  in 
different  animals  can  be  Inncely  eliminated  by  usinK  an  cxItoNve  series  of  nnimals. 
The  cipcnsc  and  labor  is  scarcely  warranted  by  the  results,  except  in  a  very  few  cases, 
for  instance  with  Digitnli*.  Qualitative  phyiioloKlc  tests  ol  drugii  of  veiv  uncMtain 
activity,  such  as  Cannabis  Indica  or  lirnot,  are  more  simple.  The  U.S.P.  aeccribes  tbe 
most  important  bio-assays,  but  Itnvca  their  employment  optional  v^lh  the  manufacturer 
(except  In  the  case  of  Cannabis), 
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The  phumiAcvuticals  arc  grouped  into  certain  ddinite  ellipses,  estab- 
lished by  long  usage,  such  as  Waters,  Spirits,  Tinctures,  Extracts,  Pills, 
Plasters,  Ointments,  etc.  'llic  student  should  learn  to  distinguish  clearly 
between  these  preparations,  according  to  ibc  ddinitjons  given  bdow. 

WATERY  SOLUnOHS 

These  include  the  Waters,  Liquors,  Mucilages  and  S)Ttip«.  Thdr 
advanta^  Wa  in  the  fact  that  water  is  a  cheap  solvent  of  vcr>'  uide 
applicability,  itself  devoid  of  any  therapeutic  property.  In  the  ca-^r  of 
sub&tances  wliidi  are  insoluble  in  it,  it  can  not  of  course  be  employed. 
The  greatest  drawback  lies  in  the  fact  that  watery  solutions  of  orramic 
substances  tend  lo  spoil  rapidly  by  the  development  of  bacteria  and  infu- 
soria. Solutions  of  chemic  substances  are  less  subject  to  this  diange,  aa 
they  do  not  furnish  a  pabulum,  and  are  often  themselves  antiseptic. 

Aqiue,  Waters  (singular,  Aqua;  abbreviated,  Aq.). — Clear  aqueous 
solutions  of  volatile  subi^tances.  Two  very  dissimilar  classes  of  prepara- 
tions come  tmder  this  heading: 
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Aquse  AromaticK,  Aromatic  Waters,  tT.S.P.  (Flavored  Waters). — 
Saturated  solutions  of  volatile  oils  (Aqua  Cinnamomi,  etc).  Tlu-sc  are 
alone  included  under  Aquie  in  the  B.P.  They  arc  prepared  either  by 
distiUing  the  plant  or  oil  with  water  (B.P.);  or  by  triturating  the  oil  wita 
ao  absorbi-nt  substance  (talc,  etc)  until  it  is  finely  subdixidcd,  and  then 
ejtractiog  this  with  water. 

I  The  (|uaniiiy  o(  active  substance  in  them  is  just  large  enough 
to  give  thi*m  a  pleasant  flavor  withuut  imparting  to  them  any  noticeable 
therapeutic  properties.  The  absence  of  alcohol  ntalccs  thera  good  sd- 
vcDts  for  sails,  which  are  gencnilly  iriMjlublc  in  this  liquid.  Hence  their 
main  use  »  a.s  3  pleasant  vehicle  (a  vehicle  i>eing  the  substance  which 
aervcs  (or  the  conveyance  of  another  substance). 

The  dese  of  flavoring  waters  is  practically  unlimited  (15  c.c.,  4  drams, 
I  U.SJ*.);  except  Aqua  Aroygdelff  AJnara:,  4  c.c. 

Wsient,  ■»  A  rale,  do  Mt  km>  wdL    Their  keeping  qiulitict  nuy  be  improved  by 
F  vMlnil  to  ttMiB  some  ol  the  all  m  which  thry  xrc  toiuiiun).    This  DohI»  on  the  surtace, 
■ad  in  Ihit  way  exclude*  aix  and  bacteria,  nod  at  the  saine  lime  insures  permaocat 
MtantloD. 

■  The  second  class  of  Waters  (included  under  Liquores  bv  the  B.P.)  are 
B  lairly  strong  sotutimis  0/  gasei  (ammonia,  etc.)  prepared  by  passing  the 
H  gK  into  water.    Their  doses  are  relatively  sniaU. 

HKUquores  {Liquor,  Liq.):  SohttioDS. — Aqueous  Solutions  of  solid  chcmic 
^^Bts  Of  hydrates,  made  either  by  iliAtolving  the  pure  salt  directly  In  water 
bf  trituration  or  heat;  or,  more  often,  by  chemic  decomposition  (simple 
ami  chcmic  solution).  (The  British  Pharmacopeia  includes  solutions  of 
pses  under  this  heading.) 

The  advantage  of  the  solutions  consists  mainly  in  the  convenience  of 
Maturing  tJte  relatively  large  volumes  of  the  solution  against  weighing 
the  mall  quantity  of  salt.  Water  b  chosen  as  the  solvent  because  sails 
ue  bnt  little  soluble  in  alcohol,  and  because  the  therapeutic  qualities 
d  Ibt  latter  arc  not  desired. 

Solutions,  when  used  for  special  purposes,  receive  special  names,  thus: 
bikniocMM  (Hypodermica^:  Orethrales),  Collyria  (Eyewaters),  Lotiones 
fWnbn),  (^rgarismx  (Gargles),  etc. 

UiMttean  BypcxUvmlcn  (B.P.)  (Inject.  Hyp.).— Tba«  arc  watcty  solutioni  of 
*oiit  tot*,  inured  (of  nubcataiMOUii  admiaatration.  and  ol  audi  atteagth  &»  la  t>a 
■14  b  Hg  doaaff  oj  «. j  to  o.A  c.c,  5  to  10  minims.  They  are  xuaetinus  prcicn-cd 
l^k  Iv  Ibc  addStion  ot  phe&ol  or  MlicvHc  add.  MaauEacturera  abo  nurket  a 
^**f  *f  uiofficial  hypodermic  Milutlon*  In  aicptic  amftfutt,  M.,  small  scaled  gUis 
'VXWUdidBg  a  single  dove  at  the  strrilixed  lolutloas. 

UneOi^nes,  (Mucilafo,  Muc.);  MtM^lageS. — Aqueous  solutions  of 
gii&iin^  Mibstanccs.  They  are  used  a.s  vehicles  and  demulcents.  Since 
faini  ut  inwiuble  in  alcohol,  mucilages  are  incompatible  with  this  »ul>- 
•t»«t  They  should  be  recently  prepared  because  they  are  very  apt  to 
mU. 

Uwb^  an  made  b^  dther  hot  or  cold  proctai:  tho  (ormer  bclnit  solution  by 
"'^  lot  luier  by  pcrcolatMn.  Heat  (hould  be  lucd  ooly  when  neccMory  (tragBCanth), 
*  9  ouiDy  cxusM  diKoloTBlJoa  of  the  i>roduct. 

.  SjTupt  (Syntpus:  Syr.) ;  Syrups. — Den.^  saccharine  solutions  of  medic- 
•"•l  lutatances.  TTie  syrup  serves  mainly  as  a  vehicle  and  preservative- 
Thetloie of  flavoring  Byrup«ib practically  unlimited  (tjc.c.,4draiBS,U.S J*.). 
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Simple  (yrupiipractkally  a  Mituratixt  solution  of  cane^ujtkr,  coRUiniiis  8j  Gen. 
in  loo  c.c.  U.S. P.  (06.7  Oro.  of  nugni  in  100  Ota.  of  syrup,  B.P.).    SyTUIW  arc  u^iiudl)- 

Creparcd  by  lint  tnitlcing  an  infutioii,  and  distolvirif!  la  thl(  Uic  augur,  nincr  tiy  li<at  or 
y  pcrcuUlion,  according  la  wticthct  or  nol  (he  drug  is  injured  by  a  high  Icmpuraturc. 
In  apeciij  case*  modi fictit ion*  may  br  iitln>ducrd.    Some  tynip*  arc  prtpared  1^  mixing 
the  fluideilmct  and  lyrup.    Ilonfy  is  lomciiinn  used  iiuteoa  of  cKne^ngar,  nuUdag  > 
cUw  of  jirrtiaralioitK  culled  mrJIila.     If  icclic  >cid  is  Oidded  to  thu,  ire  have  orynwtfiM, 
Caaiecttons  {Contedia;  Can/.)  are  lliick  medicated  JkRiB. 

They  were  fonnerly  very  popular,  but  have  now  been  almoctobutdoocd.  glfdmiria 
were  similar  but  sotncwbat  itiinner  preparation*. 

Elixiria  {Ettxtr;  FMx.) ;  Elixirs.— Sweetened  aromaiic  alcoholic  liquors, 
used  as  flavoring  vehicles,  similarly  to  the  syrups.  Their  content  in 
alcnhol  (aboul  2$  per  cent.)  is  apt  to  lead  to  abuses,  which  must  be  kepi 
in  mind. 

The  official  Aromatic  Elixir  is  flavored  with  orange  pcci,  lemon,  cori- 
ander and  nnisc.     This,  mixed  witli  licorice,  coiislitules  Elixir  Adjuvans. 

Glyc«rite5  (Clyceritum,  U.S.P.;  Glyccrinum,  B.P.;  Glyc). — Solutions 
in  glycerin.  Glycerin  is  a  good  solvent  for  many  substances.  It  keeps 
well,  and  is  useful  especially  for  external  np]>ltcation  on  account  of  its 
adhesiveness.  Glycerin  is  also  less  irritant  tJian  alcohol  and  devoid  of 
the  pharmacolngic  action  of  the  latter  agent. 

ALCOHOLIC  SOLtmONS 

Alcohol  i.i  a  specific  solvent  of  certain  aubfttanccs  (volatile  oils,  alka- 
loids, resins).  In  prescribing,  these  should  not  be  mixed  with  an  aqueous 
solution.  Alcohol  is  alio  a  good  preservative;  but  it  has  distinct  thera- 
peutic qualities,  which  may  or  may  not  be  useful 

Spirits  (Spirilus,  genitive  Spiritu.t;  5^.).— Alcoholic  solutions  of  vola- 
tile drugs.  They  are  all  fairly  strong.  They  are  prepared  by  simple  or 
chemic  solution  or  by  distillation.  Fla\-oring  spirits  cnnt.iin  10  per  cent, 
of  the  rvspeclivc  volatile  oils.  Their  dosage  is  3  c.c.  30  minims,  U.S-P. 
(o.j{  to  1.3  c.c,  5  to  30  minims,  B.P.).  Spirits  other  than  flavoring  vary 
in  strength  and  dose. 


'  PltEPARATIOtTS  HADE  BY  EXTRACTION 

In  these,  only  a  part  of  the  crude  ilrug  h  itissolvcd.    They  compria 
the  aqueuus  Infusions  and  Decoctions;  and  the  alcoholic  Tinctures  and 
Fluid  and  Solid  Extracts. 

Infusions  iln/uium;  Inf.). — Aoucous  solutions  of  the  soluble  prindplcft 
of  vegetable  drugi^,  obtained  by  firiei  maceration  in  hot  or  cold  water. 

Decoctions  [Dffvdum;  Dec). — Analogous  preparations,  in  which 
tlie  ingredients  have  been  boiled  with  water  for  at  least  fifteen  minutes. 

Infusions  and  decoctions  are  especiallv  tiseful  when  it  is  wished  lo 
extract  some  principle  which  is  more  soluiilc  in  water,  or  when  the  ther- 
apeutic etlect  of  alcohol  or  tlie  mechanical  incompatibility  of  alcohol 
with  salts  Ls  to  be  avoi<le<I.  There  arc  some  inconveniences  connected 
with  their  use:  'I'hcy  take  a  long  lime  lo  prepare.  Ukc  all  watcrj-  solu- 
tions, they  spoil  quickly,  and  must,  therefore,  be  made  fresh,  Tlie  decoc- 
tion can  only  lie  used  if  there  are  no  delicate  constituents  lo  be  de*tro>*ed 
by  boiling. 

The  solvent  being  so  very  cheap  and  having  no  action,  it  is  tisual  to 
make  decoctions  considerably  weaker    than  tinctures.     Id    prescribing 
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infusions  or  decoctions  of  potent  drugs,  the  proportion  should  always  be 
stated  by  llie  prencriber.  Wlicn  ihe  sirt-iigth  is  nol  stated,  the  pharmacist 
is  sunpoftcd  to  use  5  per  cent,  of  the  drug.  The  dose  of  non-poisunous 
mfusions  and  decucliuns  lies  betwt:en  15  and  170  c.c.  (J^  to  4  ounces). 

Typ*  Formulas  (U.S.P.).—^n/u.i,i.  — 1.000  c.c  oE  boiling  watw  arc  pour«!  on  jo 
Qm.  of  Uie  coarsely  comminuted  ilnig,  the  vi-sicl  is  crrvrri-d  tinbtly,  and  allowed  to 
itond  for  half  in  hour  in  .t  warm  nlact.  It  b  then  itnunird  with  cxprcuinn.  and  ciiuuicli 
mtcf  ii  poured  throuKh  the  strainer  to  make  Ihe  infuiioii  mciuuic  t.ooo  ex. 

DuMia. — 50  Om.  nf  the  c^inrsi-ly  romminulcd  dnijt  tuid  1 ,000  c.c.  of  cold  water  Kre 
boiled  in  a  covcrvd  vc»icl  for  liftecri  niinulcs.  cooled  tu  about  40*C..  itraincd  and 
expfeiacd,  and  cold  water  added  through  the  strainer  la  make  the  decoction  mcaiure 
t,ooo  c.c. 

PfeswTtti'es.-  -The  smottnt  of  pmervalive  which  must  be  ndded  to  a  w-iilery  solu- 
tion to  iniure  its  keeping  qualities  mu»t  vary  with  iU  nature,  and  in  the  lame  difeclion 
u  the  amount  of  " cxtrarllvc."  1'Ik  }i«i|)orlioii3  xeneially  nectrniiry  art:  Alcohol, 
JO  to  IS  per  cent.;  glycerin.  10  per  cent.;  sugar,  M  (lOt.  to  too  c.c.  of  6nished  product. 
Alcdiof.  to  per  cent.  +  glycerin.  5  per  fi'nt. 

A  blbliotcraphi'  of  The  det«rio[aIlon  of  drugs  uid  pharmaceutic  prodact*  a  given 
by  Kberhardt  and  Eldnsd,  :gi4. 

Tinctures  (Tinclura,  Tt.). — Alcoholic  or  partly  alcoholic  solutions  of 
the  useful  constituents  of  such  drugs  as  are  nut  wholly  soluble  in  the  mens- 
truum. 

EsccpCloni  04  lhl»  dclinition  are  lincture  a/  iadin,  tinctun  oj  ehterld  <■/  if»n,  and 
liiuturt  o/fofu,  in  which  the  solution  is  complete. 

Tlic  drug-Strength  of  the  tinctures  varies  from  0.4  to  50  per  ceaL; 
but  those  containing  potent  drugs  conform  to  an  inlernatiooal  standard 
of  10  per  ctnl. 

The  tincture.t  are  in  many  respects  the  moat  useful  tJierapeutic  prepa- 
rations: The  dose  is  relatively  large  and  uniform  (about  1  u>  4  c.c. 
tot  the  non-toxic) ;  the  quantity  of  solvent  is  sufficiently  large  to  keep  the 
principles  in  solution;  the  use  of  heat  in  the  preparation  h  iivoidctl. 

The  greater  number  of  tinctures  are  prepared  by  percolation:  a  tew 
by  maceration.  The  menstruum  is  alcohol  or  alcohol  anil  water;  acetic 
add  or  glycerin  arc  added  in  a  few  cases;  aromatic  spirit  of  ammonia 
i*  used  in  the  ummoniated  linclurr.s. 

Tn>»-pn>c«u  for  Percolatioii  Tinctures  CW-SJ'.).— The  powdered  dru^  ii  moistened 
■itl^tlic  menstruum,  ttitntlerred  [»  a  piricoliitor  without  presiding,  and  allowed  to  stand 
tovtttA  fo«  six  hours.  It  is  then  packed  lirmly,  .^nd  mciislrijiim  iKiurcd  on  to  mof» 
tkaa  covee  the  powder.  When  the  liquid  begins  to  drop,  the  loner  orifice  of  the  per- 
editor  is  dococt  and  the  mnocrntion  proli>nged  for  twenty-four  hour».  The  pcrcola- 
tioa  is  then  allowed  to  proceed  slowly,  uradually  adding  sufGcieat  roenttruum  to  the 
pctoolator  until  the  percolntc  mc.vjutcj  the  retiuircd  volume. 

Type-arocMS  for  Mocttatioa  Tinctures  (U.S.P.).— The  dniK  Is  macerated  in  a 
Bwderalrly  warm  pLire  with  the  men'tnuiin,  u-iiig  tour-fifths  of  the  final  volume. 
This  i»  continiKd.  ivirh  frequent  shaking,  for  at  \iia?\  three  diiys.  It  is  then  Altered, 
Ifc*  filler  beins  washed  with  menalruuni  sulRcienl  lo  make  the  reuulced  volume. 

DtlaMHalri  linrtxrrt  are  tinctures  from  which  the  lannin  has  bceu  removed  (as  by 
powdered  skin).     They  do  not  precipitate  with  iron  salt?. 

Sthtrritl  lincitttes  arc  made  with  ethereal  spirit,  a  mixture  of  7  parts  of  ether  and  3 
ptfU  of  alcoboL 

Grtem  TindoTCS.—SiMCf  some  drugs  are  supposed  to  ln«e  part  of  th«r  activity  by 
dndof  and  keeping,  a  class  of  tinclute?  raade  from  the  freshly  cuillcctcd  green  drugs  has 
bocn  introduced  under  the  name  o(  Tincluric  Hcrbarum  Reccntium.  The  direriions 
W«  to  oiMvnle  ;oo  Cm.  of  the  fresh  herb  with  i  ,000  c.c.  of  alcohol  for  fourteen  days. 
•0  tiprcM  aad  niter.  These  pieparalion.s  are  ju.-.lly  unpopulBt.  They  are  of  very 
iac«nslant  slrcnsth.  since  the  natural  moisture  of  plants  is  variable.  Again,  they  can 
be  prepared  only  in  ilic  localilici  wbcte  the  phuita  arc  native  and  where  then;  often 
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arc  no  rdiable  facilities  For  their  maouloctuK.    These  resuulu  ap[djr  equally  _. 

Juktt  ISittcut;  SiKc.)  of  the  British  Pliannacopcia,  made  by  uaing  ■  part  alcoAol  and 
3  parts  of  lli«  ftc&hly  ciprcwteil  juice. 

WfalM  (Viitiim;  fin.).— These  arc  liQCtuici  in  which  wines  bavc  b«ji  substituted 
for  alcohol.  Tbey  liavc  a  mure  plmtanl  laitte.  but  inferior  kecf^  qualitiov  nnd  arc 
now  very  little  used. 

A(4lii  (Aat.)  arc  medicated  vinegars,  prepared  by  nuoeratioD  wtth   dilute  ac«tk_ 
add. 

Fluidextrscts,  U.S  J>.  -.  Liquid  Extracts,  B  J>.  {FiuidextracUtm^ 
FUext.— Ext  factum  LiquiiSttm;  Ext.  ii'^,), — These  arc  liquid  Alcoholic 
cxtract-i,  loo  c.c.  representing  approximately  loo  Gm.  of  the  drug.  The 
menstruum  is  in  certain  cases  modiJied  by  the  addition  of  x1yi~erin,  acetic 
acid,  etc.  They  iirc  the  most  concentratc<i  fluid  preparations,  and  were 
supposed  to  possess  coneiderablc  advantage::,  but  many  are  of  doulttfu^ 
valtie.  '  "" 

The  umple  ratio  of  dnig-fltrcngth  haa  no  sptclal  advaota^  in  tlieruentica,  _„, 
ba*  led  lu  »rrious  abuaea  such  a*  thepractice  oi  preparing  tinctiirct, laiuaiona, etc-i 
bv  the  dilution  of  the  fluidextracla.  TUa  t«  highly  rqiKhcoslble,  tlnce  these  dllutioai 
often  differ  matcrloUy  from  the  orthodox  preparalloiMi 

Concentration  may  Mmeiiines  be  dc^rablc  to  reduce  the  bulk  of  the  da*e,  but  It  Is 
often  Kcurcd  at  the  coat  of  elfidoncy.  The  heat  which  muAt  nccrsMrily  be  uaed  in 
their  prepamlionit  never  benefidal.  Predpitntu  arc  apt  (o  form  on  atanding,  and  while 
these  arc  often  Inactive,  lliey  may  rontain  the  active  principles.  They  are  tJM 
ouicb  more  subject  to  precipitation  on  mixture  with  other  Uquida,  ajid  the  dote  b  araoUy 
M  tmall  that  they  requite  tome  such  admixture. 

Fluidcxlracts  arc  usually  prepared  by  percolation,  the  first  four-fifths 
of  the  percolate  being  »ct  aside,  the  remainder  evaporated  to  the  consist- 
ency- of  a  soft  extract,  dissolved  in  the  reserved  portion,  and  meastruuro 
added  to  make  the  required  volume. 

Type-procwaea  for  Fhildeztncti.— The  following  ate  deKribe<t  by  the  t'.S.P.: 

Type  A.—Thc  powdered  drug  l»  moistened  and  macerated  vith  the  menstruum  aa 
icribed  undef  linctuie),  the  maceration  bdng  proluof^  to  forty-ci|;ht  huuTL  The 
peroolatioo  U  then  started,  nnd  continued  by  the  addition  of  menstruum,  until  1^50 
ex.  of  ^croolatc  have  been  collected  (ot  1,000  tlm.  of  dniR.  This  is  reserved  and 
peraolation  continued,  vith  nd<!iiiona]  mcnElruum,  until  the  drug  ii  exbauited.  These 
later  percolates  are  evaporated  I<>  a  »oft  exlraet,  below  6o*C.,  dissolved  in  the  rcterved 
portion,  and  dlluled  with  mvtutruum  to  make  i,aoo  C.c; 

Tyfe  B. — Thix  a  emptoyol  when  two  suocenvc  menstrua  arc  UKd,  the  first  coo- 
tain  intt  iclycerin,  add,  etc.  In  this  case,  the  powdered  dtujt  U  moistened  and  macerated 
with  llie  first  menstmum.  The  pereolalion  ts  then  started,  and  continued  with  the 
plain  alcoholic  menalnium.     Othenriie,  the  process  is  identical  with  Type  A. 

Typ<  C.^FrtuthmU  or  DMdtd  Prrecl<ilioH. — This  Is  aud  for  druits  conlniDtng  coi>- 
atituents  that  are  vuUilile  or  injured  bv  heat.    It  may  abo  be  uted  in  place  of  "TVpC  A, 

The  drug  ia  di\'i<lcd  into  three  portions  of  500  (im.,  joo  Gm.  and  loo  (im.  Tnc  first 
portion  Is  then  moistened  and  macerated,  as  usual.  The  tlrsi  loo  c.c.  of  peroolale  an 
reserved;  and  the  percolation  then  continued,  cullecting  five  adi^tiooal  portion*  of  300 
cc  each. 

The  fccond  joo  Gm-  portion  of  druR  is  moistened  with  the  first  300  cc  percolate 
oi  the  precedinic  pereolulioa;  and  macerated  and  percolated,  as  usual.  The  fint 
300  c.c.  of  percoilato  arc  rcicrved;  and  the  percolation  continued  with  the  successive 
portions  of  the  percolate  from  the  first  dnie.  until  e:tliauslcd.  These  weaker  percolales 
an  collected  in  100  c.c.  portions. 

The  third  mo  Gm.  portion  of  the  drug  is  moistened  with  the  first  300  cc.  percolate 
of  the  second  drug,  micerated  and  prtoolaled  with  the  successive  weak  portions  of  tlic 
peniulate  of  the  second  <^{t,  until  joo  c.c  are  obtained.  Thb  is  mixed  with  the  reserve 
poitions  of  the  two  Aist  drugs. 

Type  D.— In  tiiis.  the  drugs  arc  exhausted  with  water  snd  pre*cr»ed  by  the  subse- 
quent addition  of  alcohol.  1,000  Gm.  of  thv  ground  drugs  are  mixed  with  j.ooo  cx, 
of  botiinii  water  and  macerated  for  two  houtr.  They  are  then  transferred  to  a  p«- 
coUtot,  gradually  adding  boiling  water  until  the  drug  is  practically  exhausted.    Tbe 


dc9crib< 


Solid  Extracts  (Extrafium;   Ext.,   USJ*.  ExiratUm  Skcum;   Ext. 

5J«.,-  BJ*.). — Musi  not  be  confused  with  the  fluidextracts.    They  are 

icixA  or  semisolid  preparations  obtained)  by  evaporation  of  solutions  of 

iSe  mcdiciiul  principies  of  drugs.     Some  of  the  soHd  extracts  are  dry, 

«tber«  of  a  "niiular  "  consistency-,  i.f.,  like  a  pill-mass.    They  are  ton- 

ntucnt  for  administration  in  solid  form,  f.j;.,  in  pills,  ointments,  plasters, 

tU.    Kearly  all  llie  potent,  and  miMi  «[  the  other,  extracts  are  adjusted 

10  low  timw  the  strength  of  the  fluidcxtract*. 

"Powdered  Extracts"  are  dried,  and  mixed  with  sufficient  diluent 
(g^^tifiar)  10  ^ive  them  the  same  slrfn^lh  as  the  solid  extrat  t.«.  Motit 
txtncb  arc  prepared  by  percolating  and  subsequent  evaporation;  the 
hat  and  wcalcer  portions  of  the  percolate  being  evaporated  iirst,  to  avoid 
ll»<MttenouK  actions  of  prolonged  heat  on  the  main  |)ortiun.  Some  of 
Ibc extracts  arc  obtained  by  evaporating  the  fluidcxtract.  The  menstruum 
ksMMlimes  water,  or  alcohol,  or  a  mixture  of  both;  acetic  acid  beins 
nUed  in  some  cases.  The  finished  pro<ltict  is  assayed,  if  possible,  ana 
:td  to  a  definite  standard  by  the  addition  of  sugar  of  milk. 
_  ArtiStid  resins  are  pre<:ipitates  obtained  by  mixing  alcoholic  .tolutlona 
inlh  water.  Where  thc>-  constitute  the  active  prinei^c.  this  is  a  conven- 
ient method  of  isolating  it  in  a  concentrated  although  somewhat  impure 
form.  Th«ir  strength  is  fairly  constant.  Th«v  arc  practically  identical 
Willi  the  eclectic  "  rcsinoids. " 

dmniits  {OltoTftina,  C^eorts),  arc  extracts  containing  the  reiinoua 
and  (<l>-  constituents  of  the  drug  obtained  by  evaporating  ethereal,  acetone 
or  alcobolk  percolates. 

MIXTURES 

HMoni,  in  the  wider  meaning  of  the  word,  arc  fluids  resulting  from 
Uk  Bbturc  of  fluids  with  other  fluids  or  with  solids.  They  comprise: 
Uolnniti,  Mistursc,  Emuka, 

UnlBMItB  {Linimenlum,  t(H,). — These  are  sohitions  of  irritant  drugs 
to  oBy.  K«p>-  or  alcoholic  solutions,  intended  to  be  rubbed  on  the  skin  as 
counUrirriiants. 

■www  (Mistura;  ifisl.). — In  the  narrow  meaning  of  the  term, 
ikese  art  generally  suspensions  of  a  solid  in  a  liquid,  sometimes  by  ihc 
•■e  "^  I  pimmy  substance;  for  heavy  powders  can  not  be  evenly  di»trib- 
*«"  In  a  light  liquid  without  this  aid.  The  B.P,  also  includes  some 
""S*^  under  this  title. 

Mnktons  (Fmuisum,  Emui.). — These  are  mixture*  of  a  milky  appear- 
JWCt,  Made  by  suspending  fats,  oils,  or  resinous  substances  in  aqueous 
«tpoik  by  ihe  intervention  of  some  viscid,  usually  gummy,  substance. 
^TV  AJcct  of  cmuUilicaUon  is  to  break  up  the  insoluble  oil  into  the 
j™^  panldes  and  to  envdop  each  of  these  in  a  coating  of  the  emul^- 
2™^*8Bit.  which  will  keep  them  from  reuniting, '  ThJe  allowE  of  dilution, 
<■  t«»(Iniixture  of  other  substances,  and  it  facilitates  absorption. 

,    "^1**  natiual  emabion  ia  wluci)  the  Iratter-tat  ia  kept  in  cmuUion  by  tlie  cawla. 
""?"  lalten  n>  ■  type  to  wiricli  ailifida)  wnulrfoiM  must  codfonn.    The  glot»il«s 
— *j<ifrtlotm  aad  of  about  the  tatar  air  n  those  in  milk. 
FimUmu  may  l>r  divided  into  (he  (olluu-ing  clii.«fm; 

'^  Dmi  Roan.  igiO,  Phyilcal  slgninoncc  of  cmuUians. 
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.Wfwd/  emnlsi«in,  lucb  sli  uv  found  ready  (grmed  (a  naluK.  Iiuunco  ol  these 
arc  milb.  Ibc  )-Dlk  of  r-gg.  and  wmc  plant  JuJcca. 

CuM-ftiin  iiiuS  ir-id  rmidiiktns;  (hal  is,  enulnoiiK  mode  from  nuch  lubsiaiKCK  a»  con- 
lain  their  own  cmuMficr.  KiHrnpks  '>(  tucli  Kum-mln^  arc  ammuniu':.  auifclida.  anil 
myrrh.  The  drugi  ate  teduocij  to  a  coimc  pomlcr  and  wnlct  b  nddcd  gradually.  l^eccK 
wnidi  >icld  such  emulsions  are  poppy,  hemp,  aud  almond. 

In  artificial  emulsions  an  cmul.'iiricr  mui>L  be  added.  Quite  a  num- 
ber of  »ub!itances  may  be  usci  fur  this  purpose,  the  principil  ones  being 
gum  acacia,  tragacantb,  yolk  of  egg,  IriiUi  moss,  soap  bark,  and  extract 
of  malt.  The  subslaiice  most  commonly  used  Is  gum  acacia.  This 
cmulsificr  is  incumpatible  with  large  quantities  of  alcohol,  borax,  tincture 
of  irot),  or  glycerin.  It  may  be  ufled  by  either  the  Continental  method, 
where  a  nucleus  is  first  formed  from  gum,  oil,  and  water,  and  to  which  the 
remainder  of  the  water  may  thai  be  added;  or  by  the  English  method, 
where  a  mucilage  is  lirMi  made,  to  which  the  oil  antl  water  are  added  Ed 
alternate  small  portions. 

The  CotUittftlid  ntfthaJ  deurvcs  the  preference.  To  [orm  a  nucleus  lliccc  should  be 
uaod  lor  each  part  of  oil  t^  to  j^  pari  of  aeada  and  i  pan  of  water.  Slir  the  oil  with  the 
acacia  In  KTanular  powder,  tlien  add  the  water  at  once.  The  mixture  of  ihr  w\  and  the 
gum  raiist  not  be  allowed  to  *land  loo  long  before  adding  the  waler.  othtririse  it  will 
cake,  tn  the  F.HgliiM  mrlhai  Ihc  acacia,  the  amount  of  noich  t.hould  lie  half  that  of  the 
(ul.  ii  tubbed  up  with  an  equal  volume  of  water  and  then  small  purliuns  of  oil  and 
ifatcT  are  added  alternately.  If  ihLi  addition  nhould  be  done  too  r.ipidlv.  there  k  danitet 
that  the  cmuUinn  will  «c[iarate  or  "crack."  This  does  not  necr<t«arlly  sp<nl  it,  for  it 
may  be  re-eroulsionized  by  addinit  it  to  a  fr<ah  portion  of  acacia  and  repcatlag  the 
proce«t. 

In  makinit  modlcatcd  emulsion*  the  Inxrcdients  should  be  mlved  in  the  following 
order:  Virt\  tlic  nucleus,  then  the  llavurinfE,  then  the  syrup,  and.  lattty,  the  water  in 
which  the  solids  have  been  diuolvcd. 

In  yolb  rmi^iivta.  the  yollt  of  exK  1*  uaed  fn  ulace  of  the  nucleus  la  the  Contioenla) 
method.  The  yolk  is  triturated  in  a  mortar  and  the  oil  and  water  are  added  altenutely 
in  fniall  portionn.  One  yolk  (ufliccs  for  from  i  to  i  ounce*  of  oil.  The  )-alk  cmulaioM 
are  Incompatible  with  llic  same  substances  as  uum  emulsions  and  do  not  keep  nesriy 
as  well. 

Soap  bark  ha«  saponin  for  its  emuKifyinR  agent.  It  it  not  incompatible  with  asy 
o(  ijie  aboie.namcil  Mibtlancn.  but  iraisesm  very  decided  therapeutic  ptopcrtica, 
which  preclude  iis  use  in  many  ca*cs.  It  is  used  in  the  projiortion  of  i  part  of  thf 
tincture  to  S  pattsof  the  oil:  Hace  theiinclureinadry  bottle,  add  theoil  mportiofU. 
and  shake  after  each  a<ldllion.  Ftaally  add  the  water.  Crude  sapooin  (o..i:tooo(oil) 
an  alto  be  cmploved. 

Extract  of  mali  cmulufits  its  own  weight  of  oil.  It  i«  UMd  a>  the  nucleus  ia  the 
Continental  melhcvl. 

Solutiitiu  of  alkalia  may  alto  \>r  used  lor  cmulsificatiaD,  dnce  they  form  Maps,  but 
they  are  usually  not  dairablr. 


SOLID  PREPARATIONS 

TheM  comprise  the  Powders  and  the  various  dosage  forms,  Pills, etc.,  for 
internal  use;  and  Ointments,  Plasters,  for  external  applications. 

Powders  {I'lihts;  Puh..  Gen.,  Pxilveris)  are  finely  powdered  drugs 
intended  for  either  external  or  internal  administration. 

^^^lcn  intended  for  internal  use,  they  arc  generally  folded  in  papers 
(chartul<f;  ekartul.).  It  must  be  borne  In  mind  that  hygroscopic  (deli- 
quescent) substances,  such  as  potassium  acetate  or  citrate,  can  no!  be 
prescribed  as  [wwdcrs,  nor  stich  substances  as  become  a  Suid  when 
muted  {t.%.,  camphor  and  chloral). 

In  makini;  coimiound  powders,  one  should  be^in  with  the  smallest  Ingrtdienl  and 
add  the  others  Id  the  order  of  their  amount,  triturating  thoroughly  after  cadi  addition. 
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|Tii<Uvidid8 tbe powder. it i* not  always  ncccswry  tn  n-riKK  outtach  powdn.    Thcubject 

lis  oltcD  accomplished  with  lul&cicnt  M-curacy  by  flaltccini;  the  powder  on  a  piece  ol 

'paper,  (quuinc  off  tlie  cdsct.  ami  dividing  into  a  numtiur  of  «qiuLl  [lacts  by  meaiu  ot 

a  tpalula.    la  lh«  ca«c  of  more  bulky  )>ow(ten.  su«b  as  SddliU  tuwder*.  rautum  are 

wed. 

Wbcn  ialmded  for  extemal  at«,  *%  for  diMtios-powdcrt.  cxcrrnw  ftnciwu  h  the 
nain   dcsldmlum-     They  (.hnuld   in    lhi«  case  be  mixed  with  u  spatula  and  not  in 
K  a  nurtai'.  •Ative  tli«  tottncr  insurer  gnator  sioouthQcxi. 

■  tHtnntiooi  iTrimralio:  Tril.).—The*e  ore  powders  obtained  by  trltuiatlafc  th« 
BiKtivc  Mbstaaon  with  mibo  Inert  material  mcfa  u  vama  of  millc.  TbeiT  oiUantagc 
BHh  IB  the  Kreatcr  aae  in  wciiihinjt  out  a  conipar»tively  lafse  amount  of  sub«lanrr. 
^'When  no  tpcdal  diredionc  are  Ktven.  tritiuationsare  nudeofaatrensth  ot  lopereenl. 
TW  trlturstbiD  of  rblrria  h  Ihe  only  one  olSdal. 

EUMaetkara  are  triluratiom  of  voIaiUe  olb  with  lugiu  in  the  proportion  of  t:jo. 
They  KTc  nstd  (or  tbc  purpose  of  flavoring  other  powders. 

BffsrreBcent  (Eff.)  Salts.— These  are  dried  salts,  mixed  with  sodium 
bkatbonate  Atid  tartaric  acid,  etc,  so  as  to  evolve  carbonic  acid  wlicii  they 
are  dissolved  in  water.    I1iis  aids  io  ditguising  the  laiitc. 

DOSAGE  FORMS 

PtUs,  capsules,  tablets,  loMnceA,  caclietii,  etc.,  are  used  to  divide  the 
drug  into  definite  doses,  to  avoid  the  inconveniences  of  dry  powders,  and 
to  Rduce  the  bulk.  Care  must  be  used  in  prescribing  the  dosage  (orms 
so  It  not  to  malce  them  loo  large  to  be  swallowed. 

He  ad  minimi  [ration  of  drugs  in  compact  solid  form  delays  solution  and 
iWption.  Thi"  i-*  especially  true  of  M  pWh.  in  which  the  excijtient  may 
Iwcone  90  impervious  that  they  pass  unchanged  into  the  feces;  but  it 
■ntoabo  to  many  lableta.  A  mere  dt-Liy  in  sululion  may  be  an  advan- 
tage U  u  tntcstin^  action  is  to  be  procured;  but  dilScuIily  soluble  sub- 
Bucn  (talol,  biunulh,  etc.)  should  not  be  administered  in  the.se  compact 
low.  Corrosive  subsunccs  are  also  unsuiied  for  solid  administration. 
VOiipiliila;  PH.,  t'..^,/'.).— These  are  defined  as  spherical  or  elongated 
■BMsn  ot  medicinal  substances,  of  »uch  size  as  to  be  convenient  for 
Wnlknriax;  tl>at  is  to  .'^ay,  containing  up  to;  gr.  (0.35  Gro.)  of  active  sub- 
)tton.    If  the  pill  is  of  larger  si^e.  it  h  called  a  bi4ui.    Vcrv  small  coated 

fl>  ut  spoken  oi  as  granules.    The  quantity  of  drug  in  the  efficiai  piUa 
ullmted  so  as  to  make  the  average  do»e  ivo  pilU. 
IV>lksses  Ultasia:  Mass.,  V.S.P.  Piluhi;  PH.,  B./'.).~Thesc  are 
Wiolid  prcnarations  of  such  consistencv  that  they  can  be  formed  into 

pau 

A  pffl  consists  of  the  active  ingredient  and  of  the  rxcipient  (cohesive). 
U  wiln  to  make  pills,  the  sutKtancc  is  first  made  into  a  »hmj  by  means 
j*  *W»  ncipienU  The  mass  must  l<c  sufficiently  soft  to  admit  of  mold- 
Mg,  but  on  the  other  hand  il  should  be  sufSciently  consistent  not  to  lose 
■*  *kipt.    It  should  neither  harden  nor  soften  nor  crumble  00  k<^ng. 

^ttumtity  o(  dnw  in  the  B.P.  pilli  ii  odjuited  to  as  to  make  their  dotw,  with  (etr 
■pPpw^OLif  to  0,5  (•m.  4  to  8kt.  f'[T»c  woeptioiw  are  KL  Phwphori;  PQ.  Ferri; 
'»  fWH  t  Opio:  pa  Sajwnk  Co.). 

R'Nfiffntti — Syrup,  glycerin,  acacia,  vegetable  extracts  (Extr.  Gen- 
^j»a«)i  ind  a  great  variety  of  other  substances  are  used,  according  to  the 
'^"arlcn  of  the  active  drug.  Tlie  choice  may  u&ually  be  left  to  the 
punudH. 

^M*<i  bri^lnUt.— Gtycerlle  of  acacia  or  iraicacaath.  ilikk  flour  paate.  clyoerin 
I^Vf  iuifnUm».  or  cxt^»cl^ 
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SoUi  EtcifitMU.—AatciA,  lnig»cuiUi,  suich,  althciS,  licorice  pairder.  Map. 

For  cbennuls  •mbkii  are  dt*Uoyed  by  organic  »ub»tancc«  Uie  bat  csdpieDtu  formed 
by  s  mixture  of  pctrolatuni  xad  kaolin. 

Abaorplioii  lafluraced  br  Bxdpenta. — Thete,  being  coUoirlnl,  all  delay  abaomtloD 
Mmcvrhal.  For  lodUlpllU,  Rlebcit,  tQOT,  fnuiul  tbccroaUst  drlay  wilh  u-axy  uta  oily 
eu^ieota,  the  l«a3t  with  vegetable  extnicU  and  syrups.  Silver-finl  coating  |>roduoMl 
CDnsderable  delay. 

Prapafation  Ol  PUla.— The  Ingredients  am  first  triturated  to  a  Sno  powder.  In 
Ciue  ■:r\':,ialliiic  ulti  are  used,  theae  miut  be  desiccated.  The  a:d|>icot  b  then 
ad<lcfl  in  imM  portiont  and  thoiougbly  triturated  with  the  powder  until  ihe  proper 
coiui^itncy  is  obtained.  It  accidentally  too  mucli  excipieot  Is  added  this  can  be 
remedied  by  the  addition  of  aomeinertpowder,  such  as  starch,  gumacacia,  or  powdered 
licorice. 

The  maai  havitix  been  formed  by  thorough  trituratioti,  it  Is  placed  on  a  glau  or 
porcelain  lUb  marked  with  eigual  divLuoos.  It  i*  well  to  put  a  iittlc  diuling-powder 
on  the  slab  to  prevent  the  mass  from  sticking  to  it.  The  bci^t  duhlinK'pOwderi  art 
■tarch,  lycufiudiuDi,  or  licorice,  according  to  the  color  of  the  pill-mass,  liia  mass  is 
then  rolled  out  by  means  of  a  brood  spatula  into  a  cylinder  of  uiuform  diaoietcT,  and 
tUsbcut  wiihashaipluiifclnto  the  rcqujtilc  number  of  equal  parts.  Tbcacarcfonned 
into  spherical  shape  by  rolling  them  between  the  thumb  and  Uie  first  two  fingers.  Tlie 
liaiah  may  be  rendered  nuire  perfect  by  placing  tlie  (hIIs  with  a  Uberal  amount  of  diut* 
ing-powder  In  the  lid  of  the  pul  box  and  gently  railing  tliem  with  the  ball  of  tfae  thumb. 

Pill-coatings. — Pitls  arc  often  cnaii-il  with  sugar,  geUUn,  chocolate, 
etc..  to  di^gui-sc  their  taste  while  being  swallowed.  The  coatings  tend  to 
interfere  somewhat  with  absorption. 

In  coating  vriih  »uMar.  ihepIlU  are  moistened  with  n  thick  tynip  and  rapidly  rotate 
and  dried  in  a  current  of  u-arm  air  until  they  acquire  a  :)ulfidently  thick  coaling  andl 
fine  polish.  The  latter  is  oitcn  enhanced  by  a  little  vtx.  For  a  gelatin  coatins  tbq 
are  alpped  Into  a  strong  hot  solution  of  Rclatln,  wtiicli  it.  allowi-d  li>  harden  in  tnc  air. 
When  it  is  desired  lo  exclude  the  air  from  Uic  pills,  thi-j-  are  tomtftimea  vambh«d  by 
dipping  Ihcm  into  an  ethereal  uiluticin  of  lolu.    Thit  i:  the  ofTicial  proccu  for  keeping 

{>)i(>Nphorus  pills.     .\  itill  finrr  polish  may  be  given  to  pills  \iy  coating  them  tAxii  tuvcr 
caf,  which  h  done  by  shaking  them  in  a  boi  with  utvcr  foil. 

{       Enteric  Pills. ~Thes<!  are  |>ill.'>  coaled  with  some  substance  (ker 
salol,  sti'uric  iicid,  or  forinnldchyd-hnrdencd  gelatin),  supposed  to  prote  _ 
Uiem  from  llio  gastric  juice,  but  which  dissolves  in  the  intestines.    They 
would  be  u»ct[uI  when  (he  drug  h  inlendcd  lo  act  only  alter  possinR  the 
stomach.     Unfortunately,  they  fail  to  accomplisJi  their  purpo5c,for  soluble 
drugs  difTuse  through  them  rapidly  fLinossiiT,  1911). 

Improved  direction*  for  the  salol-coatins  of  pills  are  ^ven  by  Peacock,  1915;  (or 
■taaiic  add  by  Topjis,  191J.  The  Utter  claims  Uial  the  stearic  coating  apparently 
fnlflla  it«  purpoM. 

KeriilSn  [a  protein  derived  (torn  horn,  goasc  quill,  etc.)  was  tried  eilensivcly;  but 
it  it  totally  unmitable,  rinoe  commercial  tipccimcnt  are  largely  soluble  in  artificial 
gastric  Juice  (I'uckncr,  iqii). 

Ptrmaldelrydiied  Capsutes.—Thne  arc  prepared  by  immersing  the  fdled  capsula 
in  outer  c«ntaining  1  per  cent,  of  abwiutc  (ormnlderiyd,  and  drying.  The  capsulea 
should  become  insoluble  In  acld-pc^n  solution,  but  remain  soluble  in  0.5  per  crtiL 
aodium  corbaonte.  The  degree  cd  msolulMliiy  \s-  governed  by  the  duration  of  the  Im- 
menioa.  If  they  arc  to  be  astd  on  the  next  day.  tbe  immersion  should  last  sii  miDUtesi 
but  tbeM  will  have  became  quite  insoluble  in  the  nirbnnale  after  they  have  been  kcnt 
a  week  With  immemioo  of  thirty  seconds,  the  camulcs  will  be  properly  hardened  only 
after  storing  them  (or  two  weeks;  but  they  will  preserve  their  proper  solubility  io 
carbonate  for  one  year  (Scovilie.  1015). 

Capsules. — These  arc  small  containers,  ustially  of  gelatin,  intended  to 
be  filled  with  the  drug  and  swallowed.  Tliose  used  for  powders  arc  hard, 
and  consist  of  a  body  and  a  cap.  In  tilling  these  capsules,  the  powder  is 
divided  into  the  requisite  number  of  parts,  forced  into  the  body  with  a 
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EpatuU.  und  the  caps  placed  on.  Soft  capsules  arc  used  for  oits,ctc. 
These  arc  scaled  with  a  drop  of  melted  gelatin.  These  soft  capsules 
may  be  made  to  hold  us  mucn  as  4  Gm.  Hard  capsules  should  not  hold 
more  than  o.^  Gm,  or  at  most  0.5  Gm,  A  somewhat  larger  amount  may 
be  u»ed  by  making  the  ponxler  into  a  pil!-inas&.  The  purpose  of  capsules 
is  to  disguise  the  taste  of  the  substance. 

Ckpccitr  ^  Capsules  (or  Dry  PowderB.—The  capsules  arc  marketed  by  numbcn. 
>kicb  have  aboul  the  following  average  capacity  (Caldwrll,  IQ15);  proligJuy  dlUcring 
Mraewhat,  honrcvcr,  (or  the  various  makes: 


Sut  of  c«pmlc« 

C&pAcilr  in 
minimi 

Atmi(d  Eapacily  iai  nujit  powdm 

In  fraiu 

Id  timnu 

L^ 

6.S 

8,4 

10. 0 

'5-S 

3.0 
4.0 
5-S 
7-5 
10. 0 

0,3s 
0-50 
o.Oj 

I 

I 
I 


Itc,  Davis  tc  Co.  state  the  capacity  of  their  capsules  oa:  No.  o,  11  mininu; 
ICo- 1,  <)  minima;  No.  a.  6  minim*;  No.  j,  4(5  fflinims;  No.  4, 3  minims;  No.  5,  a  minims. 

Waters  arr  Ihin  sheets  fomud  of  a  dried  flour-paste,  in  wMch  the  powder  is  enveloped. 
Tbcy  are  imntrncd  in  wstcr  and  swallowed.  They  |io««ess  the  aavantafcc  that  larger 
qoantilies  of  the  drug  (up  to  i  Gm.)  may  be  adntinislercd. 

Cachets  arc  wafer;,  molded  into  concave  dreular  forms. 

Troches  or  Lozenges  {Trochkus,  Trorh.). — These  are  made  by  punch- 
ing or  culting  out  circular  or  oblong  disks  from  a  mass  made  up  from  ibe 
active  aubatance,  sugar,  and  mucilage  or  fniil  ba.se.  These  are  then  dried 
in  the  air.  They  arc  usually  intended  for  solution  in  the  mouth,  and  arc 
most  popular  for  throat  medication.  They  are,  however,  sometimes  used 
instead  of  pills. 

Tablets  {TabdU,  Tab.). — These  are  small  disks  composed  of  medicated 
powtltrs.  Tablet  iriiuraUs  are  prepared  from  the  powdered  drug  and  milk- 
Mgar  or  sugar,  made  into  a  p!i.stc  with  ulcohol,  und  pressed  inlo  molds. 
Citmpressed  tabUts  are  formed  by  strong  dry  compression.  These  forms 
are  used  similarlv  to  pills,  and  dissolve  more  readily,  espedally  the  tritu- 
titcs.  By  suitable  choice  of  ingredients,  they  may  be  made  very  accept- 
able to  children  {Tabeitce  Dukes,  "Candy  medication"  Fantus,  191*- 
1914)- 

VoriahBUj  of  Cemmrrciat  TaUell.— Commercial  tablets  arc  often  very  unreliable. 
Vorislioos  01  to  per  cent,  may  be  excusable,  but  Kebbcr.  1914.  found  that  marly  a 
6fth  of  tbe  samples  bought  varied  by  30  per  cenL  or  more;  and  this  even  with  loiic 
Mbttanccs. 

Hypodermic  tablets  are  similar  to  the  tablet  triturates,  especial  care 
being  exerciBed  to  secure  quick  solution. 

Lameto  (BJ.)  {Lata.)  ate  thin  gelatin  disks,  softened  with  e1>-C«rin,  and  imprcg. 
nited  «itk  aiActanccs  acting  on  the  pupil.  They  arc  intended  to  be  placed  under  Iho 
cjPtUds. 

SiVfKwitories  iSupposUtrrivm,  Supp.}. — These  are  suitably  shaped 
masses  of  solid,  medicated  usually  fatty  substances,  intended  for  introduc- 
tion into  the  rectum,  vagina,  or  urethra  (Fig.  3).  They  Like  the  place  ol 
cuitnients  for  local  treatment  where  these  can  not  be  readily  applied. 
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Suppositories  are  made  by  incorporating  the  mcdidnal  substanc 
into  a  suitable  base,  and  molding  into  maascii  of  suitable  nliapc  and  size 
Tbv  ideal  base  is  one  whlcli,  whilst  solid  at  the  ordinar)'  temperature,  is 
niettcd  by  the  heat  of  the  body.  Sudi  is  cacao-butter  (Oleum  Thcobr*' 
matis).  Glyccriualed  Kclatin  or  a  soapy  base  i»  alim  sometimes  u» 
especially  with  urethral  suppositories  for  which  cacao-butter  would 
too  brittle.  Rectal  suppositories  are  usually  made  with  sufficient 
to  weigh  I  or  3  Gm.;  vagmaJ,  4  Cm. 

Urettm]  suppotltorieii  ar«  peacU-shAped,  pointed  at  one  end,  and  measure  7  or 
cm.,  weighing  i  or  4  Om. 

Theoorama  auppoutorics  ore  mode  cither  by  the  hoi  or  cold  proccus.    The 
piTOCwa  coDiriila  in  mcUinx  OLCia-butur  nl  n  tcmprrtlurc  not  cxcccdint;  js'F. 
adding  the  active  xubttAncn,  then  pourins  Ihe  mixture  inlo  cold  moldi.     In  the  . .. 
procns  the  active  mb»lAnc<s  arc  tritursli-d  willi  iccati'd  cauo-hutttr  with  tlit  udditla 
of  a  small  amount  or  outor-oil.  sufGcient  to  make  tt  into  a  suitable  oiau,  which 
then  rolled  out  And  divided  a»  for  pilU.    fhty  may  also  be  formed  by  prcMure. 


lh»  Taginai  (he  cyUadn  <>  a  un-m.it 
oT  ncul  (upiiuiikiocici. 


•  Ill  ;i. 


I  :i    Blair>.     Xnlum!  »!e«:  Tlio  UrvMl  »  fnf 


Suppotilvry  Mftnla,  whether  of  selatln  or  of  cacao-butter,  laredy  defeat  the  0 
(or  which  suppontaries  niv  rmpltn-cd.    They  are,  however,  mucR  more  oonvaiit 
prepttre  than  itic  tuppu!iItoHn,and  majr  auflicc  when  the  object  !i  merely  intern aI  1 
cUion.    Cilycciin  h  mode  into  a  Kuppoadtory  by  meant  of  a  vcr>-  hard  xoap  formed  (r 
etoaric  Rctti  and  fiodium  carbonate. 

Ointments  (t'nj^urNiifM,  I.^ne.)  are  Aofi  fatty  maiciL-sintendcd  for  external 
application.    'l*hey  con^st  of  the  activ-e  ingredient  and  the  base.  ~ 

Ointments  arc  ]>repared  by  fu^on,  mechanical  admixture,  and  chemic  rracifc 
In  mixint!  ointmcoli  by  fuuon,  that  coniiilucnt  ol  the  ointment  which  liu;  the  hishe 
melting-point  it  first  mcltrd.  and  the  others  arc  I  hen  added  in  the  order  cl  their  mcltinf- 
points.  Tlie  ucllvc  »ub^l3ncF  is  added  liut.  to  obviate  the  prolonfKd  action  oi  beat 
upon  it.  The  mechiniial  ;iilmiilurc  b  usually  done  on  n  slab  or  in  a  mortar.  It  i* 
necdlrigi  to  My  ihiit  (low(ler^  must  lir  !n  Ihr  imcft  KlaRC  of  lubdii'iHon.  It  the  qnnnti^ 
of  powder  is  mrjre.  it  b  mually  first  miii-d  "ilh  «>me  of  the  melted  ointmeut. 

OfaUmcnt  Bases,— The  base  of  ointment*  1«  (ormed  by  Inrd,  by  petrolatum, 
Unolin,  or  by  variout  mixture*,  of  which  the  "simple  ointment,"  contistinE  o!  4  par 
of  lard  and  i  part  of  white  wax.  i%  thr  moM  important.    The  hwc  must  v»rj*  accordia 
to  the  object  far  which  the  ointmenl  i«  employed,  whether  abwrptlon,  protection,  i 
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local  ftcthw  )*  dealnd.  PttfOclum  ivuelia),  which  conglstsol  lh«  Icm  vol&UIe  partsof 
pctraleam,  it  nnply  protect ve,  or  uicful  ok  a  v'chick  for  lulutaccct  intended  to  have  a 
mm  local  action,  ^nct  il  U  not  absorhwd.  Lanolin  tAdcpn  Lnnc  Ilydrosus)  ironnUl* 
ol  X  miiturrof  diotefteiin-likcfubiitanccs  obtuincd  fri>in  shcvfi't  wool.  It  is  very  readily 
atiwrbcd,  doc*  not  become  mncid.  and  mijtes  with  iti  own  weight  o(  water.  This  lailiT 
prapcny  is  of  Kicat  sdv»nt«tct  wbcn  it  i*  desired  to  usv  cr>-«ln.ltinc  galu  in  ointment 
fociB,  HDce  tbew  can  be  incurpomted  in  the  form  of  .wlution,  making  a  much  smoother 
cintmeRt.  l.ard  is  the  chrnprst  ointracnt  mntcrinl,  It  proeiratcf  well;  but  an  im- 
portAnt  objection  to  !l  m(!i  u;>un  the  fact  tlmt  il  bvcomn  rancid  very  rapidly.  This 
UmScRcy  can  be  greatly  direiniihcd  by  the  incorporntion  of  antiseptic  substances. 
O&ul  Hcnzoinalcd  Lard  is  an  ntlrmpt  in  this  direction. 

Kraol)i«nt  or  southinK.  and  sntiicplic  ointmcnlj.  should  not  be  absorbeit.  and  are, 
therefore,  best  mnde  wiih  poirolatum.  Stimiilaling  nnd  ntisorbtnt  oinlmenis  are 
intended  In  [jcnct rate,  and  Ihcrrfore  require  lard  or  lanolin.  Wilh  iiflrinitt'iit  otnttncnls, 
ibc  bs»e  riiould  varj-  accordinK  lo  the  intended  depth  u(  action  (Corlett.  loio), 

Olaatcs  (OUalum,  O/rii/.l.  T)i(-6c  arc  toluliong  of  mctaU  or  alkaloids  in  oleic  add. 
Tbcy  arc  used  ».in<Iar!y  tu  ointments. 

Cerates  (Ceralum,  CiToi.). — The«  are  preparations  similar  lo  oint- 
ments but  of  a  firmer  consistcncj'.  Thoy  arc  generally  made  from  a  mix- 
tore  of  wax  aiid  petrolatum,  lu  the  same  manner  as  ointments. 

Plasters  (Emphilrum;  Emp.}.—Th<;n:  arc  made  by  spreading  on  a 
thin  cloth  or  leather  support  a  mass  or  base  which  is  hard  at  an  ordinary 
temperature,  but  is  softened  and  rendered  adhesive  at  the  temperature 
of  the  body.  They  arc  applied  as  adhesive  or  for  tnunterirritation.  A 
rubber  composition  is  the  base  for  most  modern  plasters. 

Plutrr«  are  now  usually  ubt^ned  from  manufacturer*,  and  ar«  but  rarely  made 
to  order.  The  typical  old  plaster,  bad  for  its  btue  diachylon.  Burjtundy  pitch,  or  other 
Ksins.  Diachylon  >*  i  Irad  soap  made  by  precipitRlinit  <inaf>  with  lend  ncetatr.  This 
alcoc.or  with  the  addition  of  a  tittle  rubber  and  pctrotaium  forma  Ihebawof  ihcother 
oficial  plasters.  The  base  h  fused  and  the  active  infctedicnts  incorporated  into  it  by 
Mirtini!. 

To  spread  the  plaster,  the  cioth,  cut  to  the  proper  si/e  and  shape,  ii  tacked  on  a 
board  AiiA  tbe  mass  is  healed  nnd  sprend  evenly  with  a  trowel  or  spntuht.  A  mnrf^" 
a  in.  iridc  must  be  Irit  lo  allow  of  IiandlinK.  To  hvokI  liic  rather  cxceuive  irritalion 
lewlting  from  the  confinement  ol  the  secretions  of  the  skin,  plaitcn  are  now  freauenlly 
naile  porous.  Isinglass  plaster  is  made  by  sprcailing  a  Ihic:k  solution  of  iringlnss  on 
A. 

Chartn  are  metlicated  paiwr:",  i.e.,  pieces  oi  [laper  covcreil  iir  imprrg- 
lUtcd  n'ilh  a  medicinal  substance.  Cnarta  Stnapis  is  used  as  a  plaster, 
Qiariu  Poia.ssii  Niiratis  for  fumigation. 

Collodia  {Coiloiliutn,  Caihd.). — Siilulions  of  pyroxylin  (gun-cotloo) 
in  a  mixture  of  ether  and  alcohol,  or  in  acetone.  By  the  evaporation  of 
the  wlvent  they  form  u  film  on  the  skin,  and  thus  act  like  p!asler.i,  C!ol- 
bdik  must  not  be  brought  near  fire. 

Poultices  {CaUi plasma,  CalapL). — These  arc  used  mainly  for  ihc 
purpose  of  9uppl>'ing  heat.  It  is  often  necea.'iarj'  lo  give  a  patient  direc- 
•wns  for  preparing  Ihem.  Linseed  poultices  may  be  taken  as  a  type: 
^ura  cup  of  Unseed  meal  into  a'-^cups  of  boiling  water,  stirring  con- 
stantly. Spread  the  mush  ihickh-  on  a  piece  iif  flannel,  fold  so  as  to  form 
a»ck,  and  apjdy  as  hot  as  can  be  convenienlly  burnv-  Other  pasty  mate- 
rids  (flour,  day,  etc.)  are  also  used. 


SOLUBItlTIES 

It  b  well  to  have  a  general  idea  of  the  solubility  of  the  substances 
■■ally  prescribed.     The  subjoined  comjiila  lions  will  be  found  useful  in 


Insoluble,  except  those  of 
alkali  metals. 


42  UANUAL  OS  PHASUACOLOGY 

tbis  connection.  A  knowledge  of  analytic  chemistry  and  of  incompati- 
bilities can  be  utilized  here,  for  a.  substance  appearing  as  a  precipitate  is, 
of  course,  relatively  insoluble. 

GENEKAL  SOLUBILITY  Of  COMUONIY  CSED  SALTS  Df   WATEK 

I.  Amitged  by  Adds. — 

Groi^  A :  Salts  Mostly  Soluble.— 

I.  Acetales  and  Nitrates:  all  soluble  (except  bismuth  subnitrate). 
a.  Halogen  group  { ±=  iodids,  bromids,  and  chlorids) ;  Soluble,  except 
Ag;Hg(ous);Pb;Bi. 

3.  Sidphaies:  Soluble,  except  Fb,  Sr,  Be.;  Ca  sparingly  soluble. 

4.  Tartrates  and  Citrates:  mostly  soluble. 

Grot^  B:  Salts  Mtwtly  Insoluble.— 

I.  Arsenates 
Arsenites 
Carbonates 

Bydrates  (Ca  sparingly  soluble) 
Oxids 
Oxalates 
Borates 
Phosphates 

n.  Arranged  by  Base. — 

The  salts  considered  in  tbis  table  are:  Acetates  (Ac),  Halogens  (H), 
Grids  (O),  Sulphates  (SO*),  Phosphates  (PO4),  Oxalates  (Ox),  Carbonates 
(CO,),  Sulphids  (S),  Nitrates  (NOj),  Citrates  (Ci).  Hydrates  agree 
vith  oxids. 

Those  of  the  above  salts  which  are  not  mentioned  with  the  respective 
base  are  insoluble. 

1.  Alkali  Metals  (=Na,  K,  NH«);  aU  soluble. 

2.  Lithium:  Soluble,  except  O  and  Cd,  sparingly  soluble,  and  PO4, 
insoluble. 

3.  Mg,  Al:  Soluble:  NO*,  Ac,  H,  Ci,  SO*,  S. 

4.  Ca,  Ba,  Sr:  Soluble:  NOa,  Ac,  H,  Ci,  S;  sparingly:  O. 

5.  Zn,  Mn,  Ni,  Co,  Fe    \    Soluble:  NOj,  H,  Ci,  SO4  (mercuric  iodid 
Sg  (tc),  Ca,  ^w  /  is  insoluble). 

6.  Ag:  Soluble:  NO,,  SO*. 

7.  Pb:  Soluble:  NO,,  Ac. 

8.  Bi,  Sb:  Only  soluble  in  form  of  double  organic  salts,  e.g..  Bismuth 
and  Ammonium  Citrate;  Antimony  and  Potassium  Tartrate. 

9.  Mercurous:  Insoluble. 

Strength  <^  wateiy  solution,  in  which  commonly  used  salts  may  safdy 
be  prescribed.  (It  must  be  remembered  that  where  several  salts  are 
prescribed  in  the  same  mixture,  the  solubility  of  each  is  apt  to  be  lowered.) 

The  following  table  gives  the  amount  of  very  commonly  used  drugs 
which  can  be  safely  prescribed  in  water  erumgh  to  make  100  c.c.  These 
should  be  memorized: 

50  per  cent.,  or  grams:  (  =  3iv  in  water  q.  s.  5j)Tannin;AntiOTTin;  Ace- 
tate, Citrate,  Salicylate,  Iodid  or  Bromid  of 
Potassium  or  Sodium;  AgNO,;  ZoSOii  Chloral; 
Cocaia  Hydrochlorid. 


INCOUPATninjTY 


$  per  cent 


•.forgrotiu:  {  =  25  ttrain^in  water  q.».  3  j)  Altim;  Carbolic  Add; 
Boraj;  KC10»;NaHC0i;  HgCli;  Tartar  Emetic; 


jtiuJUr    (flutnlilies: 
4  h)  o,  1  ^  tfttt. 


puiiiin  BisulphiUc;  Cilratcd  Caffcin;  tiie  major- 
ity of  the  soluble  salts  of  alkalies,  c«uth»,  and 
metaK 
Boric  Acid,  4;  Morphio  Sulphate,  4.5;  QuinEn 
Hydrochtorid,3;  Quinin  Sulphate,  0.13;  Stiych- 
mn  Sulplmte,  3. 

m.  Solubility  in  Different  Media.— As  a  general  rule,  inorganic  sub- 
MttmcfJ  arc  more  soluble  in  water  than  in  alcohol. 

Basic  idkaicidj  arc  insoluble  in  water,  more  soluble  in  alcohol. 

Atkoioidat  salts  are  soluble  in  either  alcohol  or  water. 

(hms  are  »oluble  in  watcTt  insoluble  in  alcohol.  Resins  and  essaUUJ 
oils  arc  the  reverse. 

(In  making  mixtures,  it  must  be  remembered  that  spirits,  tinctures, 
and  fluidextracts  all  contain  alcohol.) 

Cfwfrin  stands  intermediate  between  alcohol  and  water  as  a  solvent. 

The  following  substances  arc: 

I.  Praclically  (iwo/nUe  in  vxUer:  todin,  calomel 

2.SoitMt  in  vakr,  but  aimvst  insoluble  in  idcobot:  Alum,  NH«CI» 
KClOi,  UrUr  emetic,  ZaSO*.  Borax. 

3.  MucJt  more  soluble  in  glycerin  than  in  water:  Boric  add,  alum,  car- 
bolic acid,  HgCl,. 

Tcnns  Used  ia  Defining  Solubility.— The  following  tcnns  (Wtlbert, 
iqoq)  are  employed  in  ■■  UmI'u!  Dni^s "  to  dtscrilx:  iJie  approximate  solu- 
bility, which  IS  often  sufficient  for  prescribing.  Substances  that  arc  solu- 
ble in  less  than  i  part  of  solvent  =  very  iwluble.  From  i  to  10  jwrls  of 
solvent  -  freely  soluble.  From  lo  to  too  parts  of  solvent  =  soluble. 
From  too  to  1,000  parla  of  solvent  =  sliKblly  soluble.  From  1,000  to 
10,000  parts  of  solvent  —  ver)'  slightly  soluble.  From  10,000  to  100,000 
parts  fk  solvent  =  nearly  insoluble.  More  than  100,000  parts  of  solvent 
"  practicalK-  insoluble. 

Official  SotabilitieB.— The  \5£.V.  and  B.P.  state  the  solubility  of 
arUdes,  aa  grams  of  substance  to  cubic  centimeters  of  solvent;  i.e.,  a 
solubility  of  1:10  means  that  i  Gm.  of  substance  requires  10  c.c.  of  sol- 
vent for  solution,  at  the  standard  room  temperature,  Js't^-t  l'"^-! 
U.S.P.;  is-j^C,  6o*F.,  B,r.  The  standards  given  in  this  book  are  those 
_e(  tlw  L'^.F.     In  percentage  solutions,  10  per  cent,  signifies  that  100  c.c. 

E  idution  contain  i  Gm.  or  cc  of  the  substance. 


nTCOMPATIBXLITY 

^  b  «  lubject  UHuBjr  very  coatusios  to  the  ttudeat,  nnoe  it  ooittisu  tA  what 

rut  tX  CtkI  ugbi  A  %'Mt  arT»v  of  detail*.  TIonYvcr.  It  rats  only  upnit  ui  appb'n- 
rf  tin  onllury  chemk  mclions,  ud  when  the  Utter  bav«  been  mutorci],  Xm  *ub- 
ytfcWpMatively  cuy  and  idnple.  It  may  be  laid  dam  u  a  ccneral  role  Ihac  tttb- 
**■  •»  UfrnfalMe  if  they  an  uuJ  in  letliiit  /"  "«*  *•*"  ^  '/  **■?  /*'"  anIidaUt, 

b  Ot  JoUowiog  CDOipflaUaa  it  has  been  attempted  to  arrange  the  mcompatibilities 
MiftMnlpotips. 

U  nil  pneralUalioQ,  It  b  not  feasible  to  take  a«ouot  ol  individual  eicepiioni. 
"•••■iWn  taken  to  eft  on  thcufcndc.  It  ii  much  more  important  for  the  ph>-iUiaii 
•>  MnnUr  ihat  mm-uric  cblorid  ii  seoernll)-  uivompallble  «rlU)  alkaloicU,  than  it  is 
n  UM  ttui  it  may  t>c  pcocribed  with  Mxae. 


HANUAI.   OF   PHARMACOUJGY 


Definitions. — InrnmpatibiUty  is  said  to  exist  when  the  cvHstUuents 
a  tnhl'"''  !'Urrjcr(  with  one  atiotktT  in  a  way  net  intended  by  Ikt  prcscrib 

If  an  interference  is  tnlentional,  it  is  called  an  itiJentioaal  incffrnfalibility. 

If  a  chemical  diange  occuns,  the  incompatibility  h  called  chemuaJ. 

When  it  con»sts  in  a  precipitation  of  the  substance  by  a  change  in 
the  solvent,  or  when  a  chemic  incom))atit>ilily  does  not  interfere  with^ 
the  active  substance,  but  produces  an  unsightly  appearance,  it  a  phar^M 

If  the  interference  is  with  Uie  solubility,  or  if  liquefaction  or  <JeUqi»e»' 
cence  occurs,  the  incompatibility  is  vtecJtanic. 

When  without  causing  any  chemic  changes  it  interfere;!  with  the 
physiologic  iiciion  uf  ihr  iii){rcdi<-nl:«,  it  i*  ihrraptutk. 

Chemic  Incompatibility,  -This  may  result  in  explosion,  precipitation, 
or  the  pnidiiciion  uf  new  subsinnces  with  undesired  properties, 

Explosives-^Powcrful  oxidizing  agents  are  apt  to  explode  when  mixed. 
in  concentrated  form  with  easily  oxidixable  substances. 

The  most  ipiportanl  oxidhing  agents  urc;  Chromic  add;  CoHCmtr< 
nitric  acid  atid  nUratex;  Permanganates;  Chlorates;  Peroxids. 

The  most  important  oxidizablc  subalanrrs  arc:  All  organic  subHtancesf 
Sulphur,   sulphids,  sulphites,  and    hyposulphites;    lodin    and    iodids;     ^ 
Phosphorus,  phosphites,  an<t  hv|)0)>hosphites;  Reduced  iron.  -^m 

Explosions  may  also  result  from  mixing  lodin  with  ammonia  or  lurpeo^B 
tine;  and  chlorin  with  ammonium  chlorid. 

Explotdons  will  occur  only  when  the  suhslunce«  are  dry  or  at  least  cori; 
ccntrated,  and  when  they  arc  heated  or  percussed. 

Dilute  solutions  may  be  mixed  without  danger  if  not  heated.    Glycei 
phenol,  and  in  some  cases  alcohol,  behave  like  dry  solids. 

Permanganate  of  potash  or  chromic  acid  or  nitrate  of  silver  wiD 
compose  organic  substances  even  in  solution,  but  in  this  case  without 
explosion. 

Pavders  mttx  '>c  muicd  without  caocu»iOD,  but  e\-en  Ihii  thcmld  b«  kvoltted,  dl 
conditioiM  fftwrablc  to  cxplouan  nuy  arue  titer  Ihcy  leave  the  hnntti  at  tht  ditpcnu 

putt  conittininic  iht^r  casllj  deoompOMd  sub«Uacn  nre  Imt  made  with  inofgaD 
excipienl  {clay  «n(l  vasflin). 

Suhfinncrs  cnntaioing  loocely  combined  oxygen  mnv  explode  on  concuwion  or 
heaiinjc  when  no  rtduclnx  sulisiancet  h>v«  b«en  added;  this  if  due  to  their  coniab  ' 
dmt  or  other  orgAiiic  matter.    They  should  therefore  be  handled  with  care. 

Gradual  Evolution  of  Gas. — This  occurs  especially  on  mixing  OcM 
with  carbonates  or  sulphids;  also  when  mixing  strong  acids  with  alcoh 
{=  esters),  or  with  cMiirate(=  CI);  also  on  mixing  strong  HCl  and  HN( 

Inconqiatibility  by  Precqritttioa. — AlkaJies  precipitate  earths,  metafi 
and  allcaloiils  from  their  salts.  Under  alkalies  may  be  included  oxids, 
bydroxids,    carbonates,   phosphates,  borates,   arsenates   and  arscniles. 

CMorids,  bromids  and  iodlds  precipitate  salts  of  Ag,  Pb,  and  some 
alkaloids.     lodid  aI<o  precipitates  mercuric  salts,  rcdissoKing  in  an  excess. 

Sulphates  precipiuic  Pb.  Ca  and  the  other  earthy  metals,  except  Mg. 

Salicylates,  phenol  and  lunnin  precipitate  or  color  iron  sails.  Tannin 
alfO  precipitates  most  other  metals,  alkaloids,  and  some  glucosids  anjj 
neutral  principles.    Salicylates  precipitate  (]uinin. 

SiUts  oj  metals  are  precipitated  by  alkalies,  sulphids,  lannin  and  pr 
teioft.    They  precipitate  some  alkaloids  and  acacia.    Mercuric  salts  are 
oJten  incompatible  with  other  metals.    Silvrr  and  lead  salts  are  precipi- 
tated by  chlorids,  bromids,  and  iodids.    Stiver  salts  arc  also  incompatible 
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with  organic  substances.  Iron  salts  arc  colored  by  tannin,  salicylate  ami 
phenol. 

Catfium  sails  arc  precipitated  by  alkalies,  phosphates  and  sulphates; 
ilagttesium  sails  b>'  alkalies  and  phosphates. 

Alkaioidai  sails  and  synthetic  bases  (antipyrin,  «tc.)  arc  precipitated 
by  alkalies,  tannin,  iodin,  potassium-mercuric  iodid,  and  9ome  by  iodids 
or  metallic  salt-t. 

Aeaciii  is  prccipilatcd  by  alcohol,  borax,  Tr.  Fcrri  Chlor. 

ProductJon  of  Substances  with  Undesired  Quatities.^/oi/((fj  liberate 
]in  on  the  addition  nf  acid  and  oxidizing  agents,  including  H^.O-,  ni- 
'trites,  salicylic  acid,  etc.  They  oxidize  mctcuroua  to  the  dangerous 
mercuric  i*all». 

Cktorolfs  liberate  chlorin  with  concentrated  acids. 

ClUorai  lil>erates  chloroform  with  alkalies. 

Glucosids  if.i.,  glycyrrhizin)  arc  destroyed  by  acids. 

Pbannaceutic  Incompatibilities. — Akokol  should  not  be  added  to: 

Acacia,  gelatin,  prolcins,  emulsions,  strong  salt  solutions. 

Water  should  not  be  added  to: 

Alcoholic  liquids  in  general  {such  as  tinctures,  spirits,  fluidextracts); 

or  to  Ethereal  liquids  (oleoresins),  or  oils. 

(Phenol  should  not  be  mixed  with  collodion.) 

LiauefafliiMi  occurs  when  chloral  U  rubbed  with  camphor,  menthol, 
phenol,  salol,  etc.  Any  of  these,  when  rubbed  together,  or  with  co.tl-tar 
antipyretics,  are  apt  to  Hqucfj'. 

Especially  Incompatible  Drugs. — ^The  following  are  most  likely  to  ^ive 
incompatibiUties,  and  any  combinations  should  therefore  be  scnitimzed 
with  special  care:  Acids,  alkalies  and  carbonates;  permanganates;  iodids. 
Mercury,  iron,  silver  and  lead  salts;  tannin;  alkaloids. 


METROLOGY 

A  ready  working  knowledge  of  weights  and  measures  is  indispensable 
in  prescribing. 

Fomcft)'  every  country,  even  every  Sinu,  .vnil  tome  cities,  hnd  IhcJi  own  sytteiQ 

of  weiicfau  aad  measures,  resullliiK  in  i^ndlcu  conCutiiun  and  loss  of  tiinc.     This  slstr  uf 

'  tffun  itil!  exists  to  same  rx\ra\.     In  the  United  Sulci  and  Great  Britiiin  no  leu  than 

ftve  ditlrrrnt  syslemt  arc  in  common  uftt.     ll  is  a  h(i[>f[iil  ftinn  Ihni  Ihe  United  Stairs 

1  Britiih  I'liannocupeiaH  und  the  U.  !^,  covi-rnmcfnt  medicnl  wr\'ices  employ  the  metric 

an.     TliU  lyxtcm  originated  in  Fnuice  ne.ir  the  clone  of  (he  last  century.     It  ha» 

adopted  in  science  (u  the  etcluslon  u[  all  olheni,  and  nusmses  a  number  of  fid- 

[vantaicn  which  should  caute  all  other  sy»lem»  to  be  diiearded.     This  tj  the  ultimate 

■  cadency,  and  the  student  is  uirrd  lo  learn  the  drnes  and  [iritciiee  prescript  ion.  writing 

ihe  metric  syslem.     Since,  however,  the  cummun  lyiilems  nie  iiiil  used  in  many 

pitali  an<l  journali,  these  must  nlw  be  mastered,  and  the  conversion  of  the  systems 

cttied. 

The  Metric  Sjrstem. — This  i.i  ba.<ied  on  the  decimal  system,  and  has  for 
the  unit  the  measure  of  length,  the  meter  (M.). 

Thi*  wa«  intended  to  be  a  nulunil  unit,  viz..  the  ten-millionth  part  of  the  distance 
trout  the  poJe  to  the  equator  of  the  earth  at  a  particular  meridian.    SubMauent  measure- 
^^tcntx  have  given  a  sliKlilly  diflereni  value  to  this  ilislance.    The  meter  is  Ihereforc  an 
~  rbilrarjf  standard — the  length  of  a  platinum  Uir,  the  original  of  which  is  preserved  In 

The  meter  is  divided  into  lo,  too,  and  i,ooo  parts,  called  respectively 
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decimeter  (dm.),  centimeter  (cm.}|  and  millimeter  (mm.).    The  thousRnddi 
part  of  a  millimeter  is  a  micron  (jt) 

The  contents  of  a  cube  whose  edges  measure  a  decimeter,  or  lO  cm., 
form  the  unit  of  capacity,  the  liter  (^.).  The  thousandth  part  of  this  is  a 
cubic  centimeter  (ccm.,  or,  briefly,  CO. ;  also  termed  a  "  milliliter  "  or  "  mil ") . 
The  unit  of  weight  is  given  by  the  weight  of  a  liter  of  distilled  water  at 
4°C.  in  vacuo:  this  is  the  kilogram  (Kg.).  A  thousandth  part  of  this  is  a 
gram  (Gm.),  A  quantity  ten  times  the  unit  is  expressed  by  prefixing 
the  Greek  numeral  Deca;  one  hundred  times,  Hecto;  one  thousand  times> 
Kilo.  The  tenth  part  of  the  unit  is  expressed  by  prefixing  the  Latin 
numeral  ded;  one-hundredtb,  centi;  one-thousandth,  millL 
Thus: 

1,000         Gm.  —  Kilogrftm     (Kg.)' 
100  Gm.  =  Hectogram   (Hg.l 

10  Gm.  -^  Decagram    (Dg.) 

1         Gm.  —  Gram  (Gm.) 

0.1  Gm.  —  decigram  (ds.) 
o.oT  Gm.  —  centigram  (eg.) 
o.ooi  Gm.  =  milligram      (mg.) 

In  quantities  including  several  denominations  only  one  unit  is  used: 
thus,  1.334  Kg.  would  be  read  as  1,334  Gm.;  o.ooa  Gm.  as  2  mg.,  etc 
The  quantities  are  always  denoted  by  Arabic  figures  placed  before  the 
appellation.    Fractional  parts  are  always  converted  into  decimal  fractions. 

HiUillta.— The  U.5.P.  and  B.P.  desi^ate  the  cubic  centimeter  as  milliliter,  and  the 
B.P.  further  employs  the  folloning  divisions  and  abbreviations.  Their  use  does  not 
seem  advisable,  as  they  tend  to  introduce  complications  and  confuiiona  that  may 
retard  the  final  adoption  of  the  metric  system. 

Liter  (Lit.)  "  1,000        Gm.  of  water  at  4°C. 

Milliliter,  Mil,  Ml.  -         i        Gm.  of  waUr  at  4''C. 

Decimil,  Dl.  =        o.  i    Gm.  of  water  at  4''C. 

Centimil,  CI.  "         o.oi  Gm.  of  water  at  4''C. 

Id  continental  Europe  the  liquid  measure  is  very  little  used  in  pharmacy,  liquidi 
being  usually  weighed. 

Common  Systems  of  Weights  and  Measures.' — The  denominations  are 
the  following: 

APOTHECARIES'  OR  TROY  WEIGHT 

{USBD  IN  PRKSCmPIIOHs) 

Grain  (gr.) 

(Scruple  O)         -  logr.j 
Dram"  (5)       i  -    391   =       6ogr- 
Troy  ounce  (5)  =    85     -     480  gr. 
[Troy  pound       —  ii5     "  S.760  Sr.] 
(5j  of  water  under  standaid  conditions*  measures  504.83  minims.) 

AVOIRDUPOIS  OR  IMPERIAL  WEIGHT 
(a  svsteh  used  in  cokhbiics) 

Grain  •  same  as  Troy  grain. 

Ounce  (oz.)  =•  437!^  grdns. 

Pound  (lb.)  =        i6ot.  ■=  7,000      grains. 

Ton  —  »,ooo  lb. 

■  Some  authon  begin  all  the  abbrevistiona  Krith  capitali;  othen  eniplor  uinUli  for  the  umWi 
gram,  liter  aad  meter,  uid  their  multipteB;  and  imal]  letten  for  fractionB  (u  in  the  abovv  liRi) 
the  iBttfT-  pUn  haa  nme  advantAgeB. 

>  Those  in  aquare  bracketa  are  practically  obsolete. 

■  Alw  apellcd  drachm. 

>  At  4°C.  and  in  lacvo. 
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UNTTCD  STATES  AFOTltKCARIES'  OR  niNE  MEASURE 
(umt  D>  atatta  ctATH  ros  aarii  raatcnimaet  avii  cinucsmim.  rowwH} 

iMloln  (IQ  or  min.)  <approxiiiuacly  equal  to  i  drop  or  to  i  grain  of  waccr — more  exAcUj, 

a95giain). 
FliAlimai  (A5)  *  6601. 

PliddMince  (88)  -    8fl5  ••  480111  (flSJodntctundcruAndanlconditloBii 

wdrhs  456H  K«i>»»). 
Pfat  (pt,  cr  OcUiia*.  O)       -  16  OS  -  7,68o1ll. 


GaDgo  (xai. 


-  1  pt*.  -  ]i  QS. 

otC<Mi«ia*,  o  -  SO    -  1 18 as  **  ^t^oin. 

A  gallon   boldt  }3i    cubic  inches. 


MlniiiM  (rain.) 

1. 

0.96  ni 

nddnc^  (B.dr.) 

^Oo  mla. 

-o.(i(.  (13 

nuidounce  (fl.oo.) 

"  8  drAcKiDi 

=o.g6  115 

Pbt(0> 

— 10  Autdouncpi 

-i.iO 

Genoa  (C) 

=  8  pints 

=  1.!>C 

M      Another  system  of  liquid  rocAsure  is  in  use  in  Great  Britain,  and  roust 
■not  be  coofu-ted  witfa  the  American  sy»tcm.      It  is  the 

^^L  TMPERIAI.  MEASURj; 

I       In  writinc  the  apothecaries'  measure  in  pTescriplions,  the  figures  ore 

'  written  in  the  Roman  s>>tc-m  and  placed  after  the  apjMllation.  Thus, 
gr.  zx,  not  20  gr.  The  onea  are  always  dotted,  and  the  la-st  one  is  formed 
Ukcaj:  thusoitj>  5vJ,etc.    The  f[.  before  the  sign  is  often  omitted  with 

j^  liquids. 

■       Fractionsarewrittenascommonfractionsigr.  Ko.  notp-.  0.1. 

W  POfmltr  Measures. — These  are  fonned  of  utensils  commonly  found  in 
the  houKhotd,  and  are,  of  course,  very  inexact.  They  should  be  diapJaced 
by  graduated  medicine  glasjies,  which  i-an  now  be  obtained  very  cheaply. 
Spoons  arc  supposed  to  be  filled  so  that  the  fluid  stands  level  with  the  rilD. 
Tbe  usually  accepted  equivalents  of  these  measures  are: 


I  drop  (gll.) 

•>  t  minim' 

*    0.0s  ex. 

I  InspooD 

*  iflS' 

-     4e-e-* 

1  dtt^rtspoon 

-  alls 

—  lac.c. 

■  UbIrtjMon 

-  4fl5(>i8) 

-  IS  ex. 

1  wiaeglaia 

-  jflS 

-  socc. 

t  tca-ctip 

=  *a^ 

=  1 1$  c.c 

1  lumblcr 

=   8flS 

-  *oo  e.c. 

1  knUepqiatfal  (lablckoifr) 

-  IS  lo  30  gt. 

- 1.0  to  1.0  Gbd. 

Tht  Mki  «1  temptaitan  may  also  be  uutcd  in  ihit  place, 
,    ly  Kkodfic  K^c  is  ifac  CttilipMU  or  Cclalua.    In  this  tbe  ron^  bctv««n  the 
Bacn(.|Mjni  of  water  (o*C.)  aail  ii^  boilintt-point  (loo'C.)  is  divided  into  100  purtv 
t^tbtiKDovraicDland  unsdoitific  faArrn*!-// scale,  in  oommon  um,  tbe  IrocdnKpobt 
<■  •Wail  }a*F.,  tbe  boiling-pojnt  iii'F.,  and  the  rannc,  therefore,  tSo'F. 


EkIi  degree  Centigrvlr  therefore 
Cub  iWftec  Kahrrnbeil 


:«%•-«*"■ 


^<MNrtwji  of  one  scale  into  tbe  other  may  be  done  by  tbe  following  rttltt: 
Ts  Mvnt  degree*  {Tcndgradc  into  Fahrenheit :  multiiily  by  %  and  odd  3a, 
Til eowiit  degrees  Fabrcnbeit  into  CcnliKradc:  luhlmct  3a  and  multiply  by  ^. 
«*^  rmfw(«Jr.— The  U.S.P.  has  adopted  Js'C,  77°F-  fw  wlubllJlJes,  specific 


.^.-^. 


(act.  tbaacloml  ckpMhy  of  Kaipooiu  artnta  j  ejc  when  fllM  Irrel  (Wilbart. 
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gravity,  calibration,  etc.,  except  fot  the  specific  gravity  of  alcohol,  which  is  taken  at 
iS-6°C.  The  B.P.  used  is.s''C.,  6o''F.,  for  metric  determtDatioas;  i6.7°C,  for  imperial 
measures. 

Advantages  of  the  Metric  System. — These  will  qow  be  manifest. 
I.  The  metric  system  is  widely  used,  and  is  understood  throughout  the 
dvUized  world, 

3.  There  is  a  simple  relation  between  linear,  solid,  and  liquid  measures. 

3.  The  decimal  feature  determines  great  ease  in  multiplications,  since 
only  a  change  of  a  decimal  point  is  required  to  change  one  denomination 
into  another.  It  is  also  much  easier  to  write  the  quantities. '  Calculations 
involving  specific  gravity  are  also  much  more  easily  made. 

4.  The  adherents  of  the  common  system  claim  that  it  is  more  conven- 
ient for  dosage.  There  may  be  some  truth  in  this,  for  the  grain,  minim, 
and  dram  happen  to  be  more  convenient  doses  than  the  gram  or  cubic 
centimeter.    This  advantage,  however,  is  insignificant. 

Equivalents  of  Metric  and  Common  Systnns. — Doses  and  formulas. 
may  be  calculated  from  one  system  into  the  other.  For  this,  it  is  only- 
necessary  to  remember  that  i  Gm.  =  i5.4  gr.  However,  this  always- 
entails  the  possibility  of  some  error  in  reckoning,  which  may  have  serious- 
consequences.  The  student  is  therefore  advised  to  learn  the  dosage 
in  both  systems,  and  to  construct  prescriptions  directly  in  whichever  system 
is  chosen.  If  a  transposition  must  be  made,  the  following  approximate 
equivalents  (which  should  be  thoroughly  memorized  and  practised)  are 
sufficiently  exact  for  prescription  purposes;  and  being  simpler,  they  are 
less  apt  to  lead  to  arithmetical  errors,  than  the  exact  equivalents. 


Gm. 

c.c. 

milligram 

Liter 

Kilogram 


■}- 


APPROXIMATE  EQUIVALENTS 

'S'S  grains  or  minims. 

=  1  quart  (+). 
^i.ilb. 


~  0.065  ^'''-  *"'  C-C- 

-  4-0  (-) 
=30.0  (-) 

-  0.5  Liter  (— ) 

Dosage  Equivalents. — In  memorizing  "average  doses"  even  this  de- 
gree of  approximation  is  needlessly  complicated.  The  following  table 
gives  the  most  convenient  figures: 


I  grain  or  nunim 

I  dram 
1  ounce 

I  pint 


Above  1  Gm, 

Above 

0-]  to  a.TS 

iUta  11 

1     a  to  JO 

tin  to  I 

Below  1 

B.1DW   Vt 

Tier. 

Cm. 
□  .750 

gr. 

niS- 
0.050 

irr. 

ma. 

BT. 

iS° 

(0 

0,0015 

C^io) 

no 

(*8) 

0.  JOO 

1      O.Q30 

(.H) 

0.001 

(Ho) 

iS 

(i5) 

■        O.JOO 

s 

0.015 

di) 

0.00075 

<Hto) 

IS 

(43) 

0  150 

'       O.OIO 

(H) 

0.0005 

10 

('^i5) 

0    lOO 

(3) 

o.ooR 

(H) 

0.0004 

(Kao) 

4 

(t3) 

0.150 

h\2) 

0.003 

(H.) 

0.0003 

(Hoo) 

i 

(45  (c-) 

0.115 

w 

0.004 

(Mb) 

D.OOOlf 

Wso) 

2 

(jo  Br.) 

a  100 

(itji 

0  003 

(^o) 

O.OOOl 

I 

('SUM 

0  002 

(>3D> 

0.DOO15 

I  An  eumple  will  make  Ihii  clearer;  taVr  40  Gm. :  in  the  United  State)  lyitem  this  mnit  b( 
written  8j  3'j  W-  »vij.  Should  it  be  necessify  to  calculate  five  limem  thi>  quantity,  one  mnhi- 
plicalion  mil  luflice  with  the  metric  system:  5  X  40  -  lOo  Gm.  But  mlh  the  ApothocaiiH' 
■yitem.  the  operation  would  be  much  more  complicated; 

.^.  ,  S  X  Bi      3'i  «'■  "v"j  -  S"  3*  BT.  Umv 

Thii  mint  be  reduced; 

Sv  -  5v 
S"  -  5;    Jij 

gr.  Uxxv  >  3l  »fr.  Rxv 

AnrwtT  —  5vi  Jiij  gi.  nv 
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1  meter  =  39-370  inches. 

-3  t'-  3-370  inches. 
—  ■yd,  3.J  70  inches. 


EXACT  EQUIVALENTS 

SPACE 

I  inch  -  0.OJS4  M. 

1  ft.     =30.117  cm. 
1  yd.    =91.440  cm. 


1. 54  cm. 


CAPACITY  (United  States) 


itc  •■16.13    "1- 
iL   -J3.815  43. 

-  1.113  Pts- 

-  0.1641  gal. 

1  Tn    =  0.06161  c.c. 

1  83    =  3-7       cc- 
I  85    -19-574    c.c. 
I  pt.    -  0.4731  L. 
I  gal.  -  3.7854  I" 

iL    i>i.;6o    pints. 
"0.1109  gallons. 

CAPACITY  (British) 

I  pint          "0.5679  L. 
1  gallon      =45435  I- 

WEiGirr 

'  "!■  "  J<4          gr. 
iG[iL=  15^3:1      gr. 

■  0.03537  ra.  Av. 

■0.03J1S  5  Troy. 
I M-  -  1.1046  lb. 

I  gr.             =64.8  mg.  —  0.0648  Gm 
iS               =  3-888  Gm. 
I  oz.  Av.     —18.349s  Gm, 
I  3  Troy    -31.103s  Cm. 
I  lb.            =  0.4536  Kg. 

GENERAL  TOXICOLOGY 

Toxicology  is  the  science  of  poisoning.  The  details  of  the  actions  and 
symptoms  w^  be  considered  in  connection  with  the  individual  poisons; 
but  certain  matters  of  general  application  may  be  discussed  here. 

Definitioa  of  Poison. — A  poison  (from  potion,  a  draught),  by  the  broad- 
est definition,  is  a  substance  the  administration  of  which  is  injurious  to 
tealth.  However,  injurious  mechanical,  physical,  or  bacterial  agencies 
ife  aot  commonly  classed  as  poisons;  nor  are  the  substances  which 
produce  injurious  effects  only  in  very  large  doses  (say  over  50  Gm.). 
It  is  very  difficult  to  give  a  definition  which  will  not  be  ambiguous 
in  some  cases  (see,/.*.,  Uie  collection  of  definitions  by  Murray  and  Frame, 
'_9'4)-  The  following  covers  most  of  the  points  which  must  be  con- 
'"^ed  in  classing  a  substance  as  a  poison: 

A  poison  is  any  substance  which,  acting  directly  through  its  inherent 
diemic  properties,  and  by  its  ordinary  action,  is  capable  of  destroying  life, 
or  of  seriously  endangering  health,  when  it  is  applied  to  the  body,  externally, 
"^  ""jnoderate  doses  {to  50  Gm.)  internally. 

™)1(^  of  Poisoning. — Poisoning  may  result  through  criminal  or 
^iadal  intent,  or  through  accident. 

Tie  itttistics  of  the  relative  frequency  of  the  different  forms  of  poisoning  vary 
win  yew  to  year,  and  with  each  country.  A  classified  list  of  deaths  from  poisoning  in 
''"'^.S.  registration  area  is  given  by  Wilbert,  i<)t6.  Suicidal  poisoning  is  probably  the 
■nott  Irequtnt,  nearly  a  half  of  the  suicides  in  the  United  States  being  due  to  poisoning. 
'  k^  '^  calculated  that  here  five-dxtbs  of  all  iiuicidal  cases  are  due  to  phenol.  There 
^w^eitt,  a  fashion  in  poisons,  as  in  other  things.  This  is  greatly  fostered  by  the 
"""ifly  Bhich  the  newspapers  often  give  to  these  cases. 

.^rniptoms  of  Poisoning  and  Classification  of  Poisons. — Suspicion  of 
Msmiwi  is  aroused  if  a  person,  previously  in  good  health,  manifests 
"thtr  suddenly  marked  pathologic  symptoms,  which  become  rapidly 
»orse.   Tde  suspicion  becomes  more  firm,  if  the  phenomena  appear  a 


so 
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short  tine  after  swallowinf;  some  substance  which  may  perhaps  have  an 
unusual  odor  or  taste;'  it  they  agree  in  character  with  those  produced  by 
some  group  of  poisons,  and  if  they  do  not  agree  with  any  other  disease. 

With  reference  to  these  symptoms  several  classes  of  p<fisoHS  arc  quite 
well  defined. 

1,  Iiiituils. — These  produce  infianuiuition;  Lf  tbey  arc  taken  by  the  mouth,  there 
b  pain  throughout  th(  itimi-ntAry  <:ai)al.  vomiting,  purging,  delirium,  coma.  Most 
pouont  are  to  soBie  irxtrnt  irrit;inl,  40  Ibat  thcM  lymptonu  arc  nlmott  univenully 
present.  The  initanti  ciui  be  subdivided  tnto  (i/rt«sivri,  which  firoduw  a  direct  dc- 
Btructlon  o(  tluuos;  and  simfU  inilanli,  which  do  not.  It  oorraiivu  are  l«keQ  liy 
the  ttonuch,  the  vomit  is  often  bloody. 

2,  RcTve  PolMos. — These  act  on  the  neuroniutcular  ap[M»tus  aind  Include  meet 
o{  the  poisons  which  ate  fntal  in  minute  dones.  Theyarexu'iaividcdiiito:  CoBTiilsuttt^ 
irtiich  cau*c  spMins;  Somnifadmts,  causing  Bleep  and  comi;  and  Cardi«c  poitaat, 
which  slop  the  heart. 

3,  Blood  P^Moa. — Thcuc  which  alter  the  bcrooelcibin  or  blood  cotpuscles.  These 
indude  the  to^C  gBMa,  the  nitrites,  etc  Thrir  action  it  gcncmlly  charactcriied  by 
cyanoda. 

It  must  not  be  suppcncd  Uut  the  action  ol  a  poinon  is  conliDed  aenerally  to  one 
claMofsIruclurct  or  functions.  All  functiousuffer  dirtv'tly  or  indircctTy,  and  whatever 
tiw  class  to  which  the  poisoa  belongs,  the  luial  cause  of  d«ath  Is.  in  almost  all  casn.  a 
paralyut  of  mpirBtion.  preceded  by  the  pheDomcoa  of  asfihyxiit.  In  virtue  of  the 
tatter,  or  thr>>iiiih  nther  causes,  ihe  urine  oitcn  contains  sugar. 

The  irritanti,  and  especially  the  corrosivw.  produce  leuom  which  can  be  demon- 
strated at  A\m>F*.y.  With  other  poisons  the  postmortem  cxanunation  is  generally 
active.  The  Spfcthcw  uf  the  Blood  shovrs  characteristic  changes  with  some 
pouoEu.  Tbeie  ace  alio  apt  to  cause  ecchvraotic  dLicolorationa  o(  the  skin.  Anil- 
septic  pmsons  dfiay  iIk  palrffatMim  of  the  body,  «>  that  mummification  may  resulL 
Convulsive  ijoisons  (luickcii  the  onset  of  titor  nu-vih. 

Duties  of  the  Physician  in  Cases  of  Poisooiog. — These  are  twofold: 
to  save  life  or  suffering,  and  to  forward  justice.  The  former  object  rt-quircs 
the  removal  of  the  poison,  the  administration  of  chemical  uitidote»,  and 
the  txcatmcnt  of  the  symptoms. 

Fur  tlie  detection  of  the  poison,  and  to  aid  in  fixing  the  guUt  on  the  proper 
person,  the  physician  must  carefully  observe  the  »ymptom.t,  Like  pos- 
session of  any  suspected  material,  medicine,  vomit,  etc.,  and  in  case  of 
autopsy,  pre«rve  the  stomach  anil  its  contcnl-s  the  intestines  and  contents, 
blood,  liver,  kidneys,  and  portions  of  other  organs,  separaUJy,  without 
antiseptics,'  in  clean,  hermetically  closed,  glass  vessels,  which  should  be 
sealed  wilh  wak.*  An  exact  wriUrn  record  of  all  the  observations  should 
be  made  as  soon  as  possible. 

The  symptoms  in  cases  of  suspected  poi.soning  are  very  rarely  sufficient 
to  affirm  the  presence  or  nature  of  a  poison,  although  they  may  be  of  great 
aid  to  the  analyst.  The  final  proof  resu  gcoeraUy  as  the  results  o?  the 
(hemic  fxaminalion. 

So  much  depends  on  this  analyus,  that  it  should  never  he  undertaken  hy  anyone 
who  ku  not  had  extensive  experience  in  this  class  of  work,  and  who  has  not  the  ncMS- 
•Biy  fodUties.  It  lies  entirely  outiidc  of  the  scope  of  the  pracliiiitg  ph)iiciBn.  The 
latter  should,  however,  be  lamuiai  with  the  general  outline  of  the  process  used  for  bolal- 
iag  pmsons;  and  with  such  chemic  tests  as  may  be  quickly  applied.  These  teats  ara 
often  valuable  for  diaRnoslIc  and  the npeuUc  purposes.  The  Miytician  i*  alto  expected 
to  give  expert  testimony  on  toxicologic  queatioos,  and  to  do  this  bteHigcnily,  he  must 

'  It  may  SMiMr  atrnRR*  that  pniinnt  ichich  poMwt  •  [rroDOunMd  snd  diMcrwUa  tsMs  oosU 
Ik  nKd  t<rT  fnnunat  poiKnins.  «ii:et)t  «ith  jrifrint*;  t>ui  s  ciDmcnt't  thougbt  will  show  In*!  If  4 
1ic)ujd  i%  tt.kvTi  uiumipvftiaHlVH  Ehc  t&iif  11  itoi  noUcnl  vntii  s  W^  amnunt  lus  bwn  swftllowvd. 

■  Svrn  aluoxi-l  and  >ll»loi<l  iinitr.ni  <«b  be  itohKid  (w  •  Idbb  Una  (rto  to  no  dsTSl  fran 
MtnfvinM  m— PI.  Snow  pawini.  Iuhfw.  diiaiipHir  npidly  (raMphoni*.  Cj»nt.  Pkroloiin. 
rtitnnl.  <t().    Siryclinin  and  mortihin  tn  virv  ptnistxit. 

•  la  traarsriKT.  a  ran  or  speelally  mulMd  rain,  or  ■  key.  msy  •«**•  to  Infrna  ihi  Hal. 
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i<rr  «t  but  an  demenUry  knitwlnlgc  of  toxioologlc  auly^,  foch  u  U  furnlilied  ia 

Some  potuoE  can  be  deoioastrated  rauch  better  by  tMlt  on  nniiBaU  thAn  by  any 

cfanolc  lata.     For  this  c4>ject,  (bey  should  be  isokicd  in  as  pure  a  form  ta  pouil4e, 

by  the  raetliod*  laid  down  in  Ihin  wclion.     'Hie  application  o(  these  li(r  (e«l«,  irbicti 

havr  out  hitherto  received  the  utlcntion  ihm  Ih<7  dcwrvc,  (alU  pcculiatly  into  Iho 

^op*Tnce  of  the  icientifically  trained  pbyiidnn. 

B  PrecautJoas. — Tbe  fint  dutv  oC  the  nnnlyst  h  to  Kaurd  the  material  conMed  lo 
hiffl  from  Uk  irilM  a*  aaidtnlai  iiUra4aciiv»  of  poiioms.  For  thi>  purpose,  precautioa 
muii  lie  t«k«ii  liiat  do  other  person  hax  accej>  to  the  materiKli  and  every  rraRcnt  and 

taffMralus  muit  be  tested  pcnonally. 
A*  a  rule,  tbe  differtot  organ*  must  be  kn>t  iiHctly  M:pirjtFrl  throughout  ttieanalynt. 
It  <riU  depend  on  circumiitanixs  wbelher  the  inalyiat  of  the  individiul  OTgaas  i«  made 
■t  the  same  time,  or  iiKceuively.  If  tlir  Inltcr  i^  decided  on,  tlie  laiKest  organ,  iir  that 
■DOit  likely  to  contain  the  poiion.  u  examined  6r>t.  It  may  be  advitabU,  however, 
to  nix  a  wcigbed  quantity  (one-fourth  or  one-third)  of  the  comminuled  otxans,  and  ta 
UK  this  mtxtura  (or  the  firtt  analy^ift. 

Since  tbe  material  to  be  analysed  b  tuniolly  limited  in  unoiint,  and  can  not  be 
wplawd,  the  cxamlnallon  mutt  be  BrTanged  In  «uch  a  way  that  as  many  (esl»MpM»lble 
cu  be  made  succewvdr  on  a  un^le  wmple  of  the  mat^ial.  An  economy  of  time  and 
Micrial  ia  also  wcutvd  t>y  obtaininy,  at  quickly  aa  poMuble,  itome  idea  of  what  poitona 

a  be  ptcMtit.  ThU  may  be  doee  by  some  easy  preUminary  icatj,  or  by  udns  w- 
l  "(KMp-readiofii"  wtticfa,  if  negative,  irill  exclude  a  number  of  *ubttanc««.  The 
qmplMua  may  abo  have  tuTniihcd  wime  important  hints,  but  should  never  prevent  the 
CNHtte  cionunatiuB  of  the  substunce. 

thifiaf  tbe  iwdatioQ  and  the  i>reliminar>'  seartb  lor  the  p<nson,  only  the  moit  iro- 
Nttul  tnta  aboold  be  ai^icd.  nlien  the  poiion  hax  been  inolalcd.  however,  it  «hauld 
MmUmH  to  «vciy  knomm  ie>l.  A  sample  of  the  Iwlated  t>aiMn  should  be  prewrvcd< 
bitAform. 

Prrtiininaiy  Examination.— The  systematic  examination  i:%  be^un  by  a 
tudul  Inspection  oi  the  iH)rtiotis  ol  the  atimenurv  canul.  Tht:»c  urc 
ifwttl,  and  extended  oft  an  inverted  evaporating  dish,  mticous  surface 
WnnL  Pathologic  leiuoiiH  arc  looked  for,  as  al»o  particles  of  the  piiison 
■wcb  tuy  be  adherent.  A  magnifying  lens  should  be  cinplo}>cd.  (Gran- 
oli*  ut  iracnic  have  often  been  isolated  in  this  way.)  The  contents  o( 
t^iliaentary  canal,  or  vomited  matter,  are  subjected  to  a  similar  tlose 
■f^tclim.  The  odor  should  be  carefully  observed.  During  this  exami- 
MwB,  the  reaction  to  litmus  paper  should  be  noted  (caustic  acids  or 
■Mii). 

^Kbtccw  jft  then  hafJic<l,  <;ircfuUy  welKhed,  and  replaced  In  hcrmellcally  waled 

InlUlett  ti  the  PDlson.~No  routine  schema  uf  nnul>'sis  will  tit  all 
™^  since  each  presents  its  own  problems.  However,  the  following 
'"■■X'lles  tbe  usuaJ  procedure. 

.  BbUg*  o(  BtMctlaL— Ordbarily,  each  orcon,  after  comminution,  \%  divided  Into 
>■■  '*l'*tnit  portionA  carefully  weighed:  One-thltd  is  rcMTved  lor  control;  one- 
'"yroW  pcelimiaBry  test*.  The  remainder  i»  divided  iiito  four  parts,  used  renpecl- 
^^■>  ihe  sMrcb  tor  volatBe,  fixed  MSanic  and  iDorKxcic  p>ii»in(,  nnd  for  retrrvr. 
P'~JiBtliy  of  materia)  b  very  (caniv.  two  equal  portions  will  luffitt :  one  b  reserved 
wtftJalaary  ir^u,  easily  dooompoMUe  dmmuik,  and  control;  the  other  is  examined 
""■""fly  for  eaiity  volatile  poboas,  for  fixed  organic  poisons,  and  for  nielate. 

'■Utile  Poisons. — A  portion  of  the  material  is  acidulated  with  tartaric 
'™'  IiiUiDg  water  if  necessary),  and  di«tilled  from  a  flask  or  retort  con- 

1  .'"'  MiUn  okwU  In  ■Indied  in  eonnecttcm  vith  Ihe  endlMl  cmtcik*.     Oidamct'i  "L(hr- 

^7  *■  iknilicbnt  Twueoloai*"  w  an  tnvIWnt  rt  (trine*  book. 

^  r  —  M  Ite  I  hi  MCI  01  volatile  poison  bu  tmi;  pc«*en.  tbe  oonMnU  of  lb*  jan  may  b* 
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nected  with  a  Liebig's  toiidcnjcr, '  It  is  advisable  to  pass  a  slow  current 
of  live  stvum  through  the  mass.  The  distillation  is  continue*!  until  about 
two-thirds  of  the  liquid  have  been  collected.  Tlie  distillate  i»  collected 
in  three  portion*.  The  odor  i.i  noted  (volatile  oils,  chloroform,  etlier, 
etc.),  and  the  characteristic  tests  applied  for  phosphorus,  phenol,  cyanids, 
alcohol,'  chloroform,  chloral,  etc 

Phospfaonu. — A  prdinuiuuy  test  (or  thU  element  nnint  be  nude  idth  silrcr 
nilritlc  and  leatl  atxtitU  paper;  before  the  disullalion  h  beeun.  If  tlib  test  indjciitn 
its  pieMnce,  Ihc  condenser  ii  set  verticaJly  downwucd,  and  the  dUtillation  is  ctrrird  on 
in  a  dirkcnril  room.  All  ftJr  li  expelled  from  the  apparatus  by  a  stream  of  carbon 
dioiid.  Thi!i  i«  then  shut  of},  luid  replaced  by  liw  stc&in.  Ihe  llask  bein^  healed  at 
the  same  time.  If  nhotphorud  U  preienl,  a  luminous  rini;  appurs  \o  Ihe  tube* 
or  cODdciucf.shlltJnj;  lis  position  when  the  htnt  applied  to  the  fia^k  i-.  jiilcrrd  iXtih/luT. 
lUh'i  melkod).  The  appicarancc  of  (his  phenomencin  provn  the  presence  of  pliusptiorus 
absolutely. 

There  are,  however,  ijuite  a  number  of  substances  the  presence  of  which  interferes 
with  the  formation  of  this  ring.  Almost  any  volatile  substance  may  do  s»i  turpentine, 
cliloroform,  ether,  alcohol;  and  alcohol  ii  often  prrM'ni.  as  it  is  usually  ^iven  as  an 
aalldotc. 

liie  abtCDCC  of  the  ring  does  not.  therefore,  prove  the  abwnce  of  phosphotui^.  The 
distillate  will  contain  phosphorus  in  the  loner  «ln|te«  of  oiidstloo.  as  plio»pborou9  or 
hypophosphorous  acid.  The  brtl  way  <■>  prove  pJiufLphorus  in  this  is  to  add  some  lirnmin 
water  to  the  distillate  and  to  cvapomte  to  dr^-ncs}-  This  re«ull»  in  phosphoric  acid, 
which  may  be  demonstrated  bv  migneala  nuxiurv  or  ammonium  molybdate.     The 

Suantitativc  deter mlnatlan  of  pDoephorus  b  not  Important;  because  if  it  is  present  at 
,1,  it  w  present  as  a  tosic  agrnl. 
(^■oldt.— The  presenre  of  mere  traces  of  hydrocyanic  acid  in  the  distillate  is  no 
proof  of  poisoning,  since  these  may  have  been  intriHliiced  in  the  way  of  food  (almoads 
Of  other  seeds).     A  qaanlitalise  cstimalion,  by  means  uf  sUscr  nitrate,  may  be  necessary. 
TTie  qualllall^'e  proof  also  rcciuiie*  iwo  further  prccauiions: 

Wth  the  method  which  wc  have  given,  letrotyanids  might  also  be  decomposed  and 
t^vr  rise  to  hvdrocyanic  acid;  and  since  ferrocyanids  .nr  not  loxic,  this  would  lead 
to  wrong  conrfuuons.  To  eliminate  this,  the  oritpnol  liquid  is  filtered  and  the  PruMlan 
blue  test  applied  to  it  directly.  Merrurii:  cyaiild  doe)>  not  yield  its  hydrocyanic  acid  in 
this  Iteaiment.  If  il  >i  suspected,  the  material  must  be  treated  with  hydrogen 
sulphld. 

DiililttaUm  from  Alkalim  Solufiati. — It  is  sometimes  recommended  to  add  water  to 
the  midue  in  the  retort,  to  make  it  alkaline  with  sodium  carbonalr,  and  to  ilisiill  aaain. 
The  distillate  eontains  ammoniuni.  amines,  chloroform  (if  chloral  oas  pmenlt.  and  ibo 
volatile  alkaloids.  This  step  may  generally  be  omitted,  as  these  poiions  arc  discovered 
in  other  ports  of  the  process:  or  a  small  sample  may  be  heated  in  a  leit.lubr  with  sadlum 
carbonste,  and  the  odor  noted. 

Extraction  of  Fixed  Orgaoic  Poisons. — The  extraction,  separation  and 
purilitation  of  these  poisons  are  bast-d  on  their  special  solubility  in  certain 
solvents.  As  a  rule,  they  are  all  fairly  soluble  in  acidulatcil  water  and 
alcohol.  The  neutral  principles  are  removed  from  the  acid  watery  solu- 
tion by  ether  or  chloriifi>rni.  The  alkaloids  are  dissolved  by  these  sub- 
stances only  after  the  addition  of  an  alkali. 

In  brief  outline,  ihe  suspected  in.itcTial  is  first  extracted  with  boiling 
acidulated  water  and  alcohol.  The  acid  watery  extract  is  then  treated 
with  ether,  which  dissolves  Heutrcl  principles  and  various  impurities,  but 
which  leaves  the  alkaloids.  These  are  extracted  later  by  tresh  ether,  after 
rendering  the  solution  alkaline. 

Various  methods  ore  in  use.  The  moat  practical  Is  that  of  Stas-Otto,  slicbtly 
mothfied: 

fi.  The  pdsons  are  fir><t  htoughl  InU  tolulicH  by  boiling  the  matcnal.  if  solid,  with 
about  5  p:irti)  of  water  for  Atleeii  minutri  (or  the  residue  remaining  aftrr  the  dislUlalian 

•  Sm  bdow  (or  WKiai  unn«R»nt  tu  be  uHd  when  phratihara  Uottat^x. 

•  Aleohol  it  oolr  iB«n«ai  1)  it  it  pmoit  >a  Utcc  snuninU.    Stulltt  qiuntitln  msy  be  prHMt 
iitiUallr  V  *•  a^idaCB. 
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f  t]i«  Kid  Kilution  iDB}-  be  uted).  The  mUture  U  cooled  and  ttntined.  Thi*  rtmmrt 
fal,  <iii«ni>itf«  prtltid,  fibir,  ele.> 

{i,  Tbc  xtraincd  soluiioB  is  evoLDorated  at  a  low  tempcmlurc  to  a  syrupy  cnn- 
sbuacy,  sod  boU«d  with  twice  iU  volume  of  alcohol,  (or  tiftrrn  minuics.  Th«  cvapo* 
rated  alcohol  ia  replaced.  It  is  thm  filtered,  and  tite  filter  ivathi-tl  mth  alcohol.  Tnis 
remDTtt  sitlis,  Hom-ceataliMe  prolrids.  rlc. 

ii-  The  aloohoHc  Sitintc  i*  diiuicd  wiili  an  equal  volume  of  wninr  and  filtervd. 
This  rfmvKt  reiinf,  JaU.  rle.  (Tin;  t«-<l<lue  may  Iw  cmmbcU  (or  catliurlic  risiiw  and 
crotonoil.)     (For  further  purification,  the  liltralc  mny  be  ns"'"  trrale.i  by  SS'  and  3O 

}4,  TI1C  fittrate,  whirh  sluiulil  have  an  acid  reaction,  ii  aovt  shaken  in  a  icparalory 
fiuuicl  villi  10  c.c.  of  ether.  This  u  dni«^  o3,  and  iht'  lainu  proccsa  ii  rept^utnl  ttricc. 
The  «thcr  remtnrs  luulrat  Prineiplti,  fitrU  acid,  and  salicylic  acid.  It  is  filtered  and 
Allowed  to  cvaijoralc  In  a  ilaas  caouile.  and  the  residue  i»  purified  and  tested  for  thne 
acid*,  for  csffrin,  caatbsndin,  calctudo,  digitalin,  picrotoun.  and  the  coal-tar  aoti- 
pyrelic*. 

is.  The  mterv  tolution,  remalnlnR  from  ttie  extraction  with  ether  In  llic  la«i  para- 
graph, ii  now  made  fairly  ulkatinc  with  nodium  carban-ltc  i.U>  HbttaU  Ihr  alkaloids)  and 
afain  extracted  with  ether,  m  in  the  lait  parat;mph.  From  this  alkwlinc  olulion,  Ihc 
Witt  rtmpt^*  ali  iiltiiMdt  tiff  pi  marphin.  The  cllicrcal  layer  11  fillcred  and  cv;i]Kiriled, 
the  residue  is  purilied.  and  tested,  first  by  potassium  mercuric  iodid,  then  for  pliyto- 
ttiKixin.  apomorphin,  nicnlin.  coniin,  veratrin,  dlrychnin,  brucio.  atropln,  cocain.  codein, 
BarcoUn.  nactln.  and  aconittn. 

{6.  T«  halale  tkt  morfkiH,  the  watery  liquid  remaining  in  the  la*t  parnsraph. 
Is  maid«  acid,  then  alkaline  by  ammonia,  and  fhaken  at  once  with  acetic  ether,  or  with 
Itpl  »n>yi  alcohol. 

17.  To  test  tor  oxafic  aeld.  the  original  subitance  U  partly  dried,  extracted  with  5 
CC.  at  hydrorhlnric  acid  and  :a  c.c.  of  boiling  jlcohol,  for  linlf  an  bout,  lilicred.  eva|>u- 
rated.  eictnctn)  witir water,  and  tested  by  R.^.  10.  No.  jj.  Siiitlonin  and  .tfivirniV  Add 
nu*t  aba  be  eilraeled  hy  ^iK-ci.-il  meihods. 

DfaSMldorfPa  Method. — In  [his,  n  more  extensive  separation  of  (he  polAonx  is 
oblaineil,  by  mu1tipl)Hii);  tlie  solvents  nntJ  opemlEout.  The  preliminary  treatment  11  as 
pec  SSi.  »-  and  3.  The  add  .solution  is  then  exhausted  succcMivcty  by  petroleum  ether, 
beatol  and  chloroformj  and  then  in  alkaline  Hilution  by  the  lame  sequcDce  of  solvent*, 
and  finally  by  amyl  alcohol. 

Sppenberser's  Method. — This  poMCtses  the  ndvanlagc  of  separaiinti  ihe  pnitiiris 
b  purer  f'lrm  (roni  Ihe  stiirf,  but  it  involves  technical  dilliculties.  It  depend*  on  the 
iBMolubility  of  the  tannates  of  protein*  in  Biyecrin.  whiUt  the  orjianic  poisons  are  soluble 
la  tUf  medium.  The  uAid  mnlem!  (say  100  Hm.)  h  digcted  for  Iwo  days  nl  40°C. 
with  10  (im.  tannin,  i  <im.  lurUric  acid,  and  100  Cm,  iflyeerin.  The  musi  isexprnscd: 
tkc  residue  b  washed  with  tannic  Riycerin,  The  fluids  are  diluted  with  water,  healed 
to  So'C,  and  filtered.  The  fill  rale  is  ihcn  extracted  twice  with  petroleum  Ciller,  which 
Rowves  mainly  faU.  The  ic'>'ei-iin  layer  is  then  extracted  as  in  the  Sla.ii.Otto  method 
iii^  anid  ;),  but  using  chloroform  in  place  u(  ether. 

for  (V  furi^iitian  of  Ihf  .ilhilMdt.  the  residue.  left  by  the  evaporation  of  the 
cUofaform,  a  dissuli'ed  in  aciduliitrd  water,  aeulrallM'd,  and  at  once  precipitated  by 
iocKn-polassiumiodid.  The  precipitate  is  collected  on  a.  small  filter,  washed  with  cold 
water  dried,  and  dluolvcd  in  hoi  acetone.  The  filtered  acetone  solution  Is  treated  first 
wTtb  ollcalt.  then  wilh  acid,  then  with  water;  Ihc  Hcetonc  is  expelled  on  a  water  bath, 
and  the  fcmaining  watery  solution  i'  decolorixcd  by  sodium  hynosulohlte.  The  solution 
Is  iheti  made  alkaline  with  wjdtum  carbonate  and  extracted  with  oilier  or  chlorofcrrm. 

PllT>iolo^  Tests.— The  poiions  isolated  hy  these  methods  arc  often  not  suffitienlly 

Crc  trt  give  the  l>-picsl  chcmic  tests:  further  more,  certain  of  the  tests  are  closely  simu- 
od  by  ptomains.  This  hold^  Irtie  ilso  of  the  phyiioloitic  tests,  i.e.,  the  elTecr?  on 
Mtmnk  The  oalv  way  to  dihtinKuish  nitli  certainly  between  these  is  to  use  both  the 
cbeo^  and  the  nn)-ilalo^ic  tests.  For.  as  far  as  is  known,  there  sre  no  ptoniains 
■bicb  pw  both  the  chcmic  and  physioloKic  tnls  of  one  nliialoid. 

The  physiologic  tests  can  jfenerally  be  obtained  with  fairly  impure  prcpritnlioos, 
"niey  arc  most  lip^plcal  in  the  case  of  Mrvchnin.  atrofiio.  pliyHOsiigmin.  aconite,  dicitalia 
Rmup,  pacrotoiin.  veralrin.  cantharidin,  croton  oil.  The  subject  Is  elaborated  in 
Foehner*  "Nacbweiss  von  Gidcn." 

IsoUtitHi  of  Fixed  Inoi^anic  Poiscms. — The  residues  of  the  preceding 
operations  may  be  used  for  the  search   of  these  poisonfi.     The  usual 

'  It  Is  uaicrnowl  that  Iht  renuiniav  tDMs  shmild  tx  wubod,  in  *t«(7  tnitaticcof  filiistlon  or 
oaiains. 
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nethods  of  inorf^anic  analyHis  arc  followed;  but  it  is  superBuous  to 
for  notl-poi)K>nou!i  conslituent». 

The  abscun  o(  mnny  mviallic  poUoiu  tan  be  iiuiL'Lly  aliown  bj-  R«uuch'»  tcM. 
Tbii  6iK*  not,  hoorcvrt.  diiiiciup  (mm   further  Ictis,     Only  an  outline  cui  be  (ivm 

A :  Deatnictian  of  Orgaolc  Manet  and  Solution. — Mdhad  aj  Frtseniiit  «i«rf  Sd6a. — 
Organs  or  tyrupy  residue,  plu-i  300C.C.  tosoocjr.  of  orvnic-frec  IICl  (i: ))  b  HlR  Auk: 
htal  lukcwArm.  Add  4  to  n  Cm.  KClOi  in  0.$  Gm.  uortiuni.  lill  diuaU'«d.  Evaponte 
la  about  looc.c.  (nufrvi'CI).  Dilute  Io^oocjc.  Aadic.c.  dilute  HtSOi.  Stand  over- 
nighl.     Filler.    FiUraie   =  B.     lUiiJue   =  K. 

VOmte  B^— Pom  ihtouttli  biter,  aiid  wHter  to  just  500  c.c.  Use  jo  c.c.  Coi  Monk** 
tal  (lee  L).  V  Aiu  pmtat,  uw  balance  fur  quatiiitatlve  (sec  C).  If  not.  evaporate 
■mab  HtniNV,  duMotve  in  loc.c.  wnlct.add  NH.Oll:  blue  =  Co. 

C. — Hcut  buloucv  of  lillrale  B  tu  So°C.  and  piiss  arsenic*  I rci;  HiS>  (or  two  or  three 
houn,  untJl  toot.  licat  again,  and  repeat.  Stopper  and  tct  n»dc  in  warm  [dace  lor 
twenty-four  hours.  PrttipilaU  may  contain  As,  Sb,  H|,  Cti,  Pb,  It  may  be  tiicd 
for  the  ouanlltativo  estimation  of  .^,  or  for  lunlier  idcnlilkation  by  D,    Fillrau  —  /. 

1>(lttS  f»«ip(MJifD/C).— Wash  with  HiS  wiuer,  warm  wilh  4  ex.  ammon.  tulphid, 
4  C.C.  amm'Miiu,  S  ex.  water.     Hlter,    h'illratt  -  £.     Imoli^U  "  F. 

B  {Filirjic  of  D). — ^Kvaponiie  to  dry;  hcnt  with  II?JO(  till  pure  yellow;  heat  to  expel 
UNO,;  add  Xa,CO.  and  XoXO.;  ftiMi  cKiract  with  boDInK  water;  add  t  Gm.  NaHCO.. 
Filter.  Fillmlr  contains  As  and  may  be  used  (or  quantitative.  The  imj^MUr  -  8b. 
(Apply  tests.) 

F  (IniolnbU  0/  D). — Oxidiie  residue  and  filter  la  captule  with  HCl  and  KCIOi; 
filter;  dilute;  heat;  poM  HiS;  filter;  wa«>h  prcdpllate  with  warm  HNO,.  FItlrate  -  G. 
Fredpilate  =  U. 

G  (FitlfiiU  af  F). — Add  10  drop*  dilute  lliSOa;  evaporate;  loke  up  with  water. 
Srtidar  -  Pb.    FillraU  -  Cu.     (Appl)'  tests.) 

H  (Precipitalt  e}  F). — Otidixe  wltli  aigua  tegia;  evaporate;  lilirr;  dilute;  test  lorH^. 

I  {FiitT'ilf  of  C). — Use  haJf  for  line,  hill  for  chromium. 

Zn:     Neuiraliic  with  KOH;  .iciiiuUtc  with  HiCiO;;  precipitate  with  H»S:  w«^ 

Eredpitate  with  HiCiO-  in  U-i  water  (i:  j);  incinerate,  precipitate  and  filter;  dWolvc 
I  dilute  HfSO..  plui  a  little  HN'Oi;  evaporate  dr>-;  diiwU'e  in  IIiO;  lest  for  to. 
Ct:     Evaporate  to  juttmoiit-.raix  with  KMOi^di)-;  fu>c:diHKilve',  test  for  chromate. 
K  (ReiUiM  el  j1).— Fuse  with  KNO,.  Na.CO..  and  NlI.MOi.    Suipend  in  1I,0; 
p>t^«  COi:  boil;  filter.    Disaolvc  precipitate  in  dilute  HNUi.    Test  this  buluiiim  for 
As.  B»,  jhrf  Pb, 

March's  Te«  u«  B).— Produce  hydronen  in  flask  by  octins  on  pure  lioc  with 
arwnic-free  HCl;  pa«t  thruuEh  CaCti.  thruuj^h  tubn  drawn  out  at  Kveral  places.  Heal 
to  reilneM  at  the  thick  portion  of  a  tcgmcnl.  (Tfu*  hlank  test  should  be  continued  (or 
sx  lioun.)  If  no  ntlrrur  appears,  Lntroduoe  the  suspected  Mlution.  Black  airror 
occurs  with  arsenic  or  antimony.    They  may  be  disiioguished  as  fallows: 


AsTIUOKV 

Hlnof  at  healed  portion. 


Autxxic 

UlrrorbyMid  liratrd  portion. 

Gttlle  odor  on  healing  in  ait. 

Diasolvn  In  h>'pucliturite. 

Easily  volatUoed  when  heated  In  hy- 
dronn. 

Ilcated  In  air,  yields  carily  volatilised 
wbite  crystals. 

Heated  in  IljS,  yellow,  insoluble  in 
HO. 

DiMolved  in  HNOi,  evaporated,  plus 
AgNO),  plus  v^por  of  NHt,  red  or  yellow 
predpltatc. 

TREATMENT  OF  POISONIKO 

Whilst  every  case  of  poi$onii\g  demands  to  be  trented  by  itself,  yet 
certain  getieral  principles  arc  all  but  universally  applicable.  These  are 
the  more  important  .lince  the  nature  of  the  poi.ton  is  so  often  unknown. 

•  HiS  puriAfd  by  pudne  throuh  voter,  eolciasi  chlor4d,  sod  a  tub*.  10  em.  lone.  liUed  wtlft 
illMiisH  lajiiii  at  (U»*M>I  and  lodU  «tytUM. 


Noodot. 
Not. 


Not  easily  volatilised 

Amorphous  white  tcv'due.  not  easily 
volatdincd. 

Red  (black  on  stroni  healing); 
soluble  in  HO. 

No  color  in  oold;  black  (mclalUc  A%) 
un  healing. 
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The  first  |>cculiarit\'  of  poisoning  to  det«rve  enpocial  altcntion  is 
the  rapid  course.  Thiis  demands  that  whatever  measures  are  taken, 
Ihey  muit  be  taken  quickly.  The  physician  should  therefore  be  thor- 
oughly- familiar  with  the  gcni'ral  rules  of  treaUneDt,  so  that  no  hesita- 
tion  or  delay  occurs.  On  this  account  also,  the  antidote  nearest  to 
hand  should  be  us«l  in  preference  to  one  which  can  only  be  obtained 
«ilh  delay,  even  if  the  latter  should  be  theoretically  preferable. 

The  trcaiment  of  poisoning  is  directed  against  the  cause  and  the 
lymptoms.  The  former  consists  in  removint,  the  poison,  or  in  render- 
u{  it  harmless.  Since  neither  of  the^  objects  can  usually  be  attained 
•Motutely,  both  arc  generally  attempted  at  once. 

Rnnoral  of  the  Poison. — The  measures  dticcted  Lo  this  end  must 
vuy  with  the  silc  l«  which  the  poison  was  applinl. 

On  ike  skin  and  on  acces^iile  mucous  metnbtaner  this  will  be  accom- 
plished by  a  thorough  washing  with  water.  This  will  also  be  useful  by 
dtluling  the  poison.  If  the  poison  is  only  sparingly  soluble  in  water 
fas  phoiol)  alcohol  may  be  employed.  Soap  may  be  useful,  but  sliould 
be  a\-oid«d  if  the  poison  is  an  alkali.    The  appropriate  chemical  antidote 

»»hoiiId  also  be  added  to  the  wash  water  (for  acids  or  bronun:  Soap  or 
Linimcntum  Calcis;  for  alkalies:  vinegar  or  lemon  Juice).    Tlte  poisons 
which  arc  ImjKirtant  in  ihcw;  situations  arc  all  irritants,  and  the  further 
iremtmc&t  consists  in  the  application  of  oils  or  saUes. 
^  If  the  poison  has  \^en  applie<l  kytodermitaily  or  to  wovnds,  the  systemic 

I  effects  may  be  lcssene<t  by  preventmg  or  retarding  the  absorption  of  the 
H  fotsoo.  The  absorption  can  often  be  ddayed  sufficiently  so  that  the  drug 
^^6  excreted  as  Um  Sui  it  is  absorbed,  and  doses  which  would  otherwise 
^^^  fatal  may  then  cause  no  c0cct.  The  bc«t  means  for  this  purpose  is  a 
P^Kn  littature  a|)plicd  centrally  to  the  wound.  Where  this  is  not  feasible, 
tucking,  cautery,  or  excision  may  be  resorted  to. 

U  an  irritant  poison  has  l>een  taken  by  the  moulk,  the  oral  cavEty  and 
ikcDbar^'nx  demand  the  same  treatment  as  would  the  skin. 

with  gaseous  poisons,  the  treatment  consists  in  free  ventilation  of 
dtebtig,  using  artificial  respiration,  and  oxygen,  if  neccwtar)'. 

KttikDval  from  the  Alimentary  Canal.— This  is  always  the  first  step 
m  the  treatment  of  a  case  of  iioiscininij  bv  mouth,  unless  the  symptoms 
iM  already  to  far  advanced  as  to  malic  it  useless.  Even  if  the  poison 
lus  bten  administered  some  time  before  the  treatment  is  begun,  or  if  it 
1*)  been  g^voi  hypodermicalty,  the  alimentary  canal  should  be  cleanse<l, 
"t  many  poisons  (notably  morphin)  arc  excreted  by  this  channel, 
wi  then  again  reabsorbed.  The  only  contraindications  to  the  emplying 
"Ik  alimentary  canal  are:  extensive  corrosion,  and  advanced  strychnin 
V^iioiiing.  Great  caution  and  careful  judgment  are  required  in  these 
oats. 

The  measures  for  the  removal  of  poisons  from  the  aUmcntaiy  canal 
^""VR  b  emptying  the  stomach  and  intestine. 

A  iMmttt,  boiic%'cr,  need  aoly  be  admiiiHterci]  after  tlic  acute  muufcttations  ue 
j***^  Oily  cUharllct  tbould  u»uully  be  avoicUd.  and  cnemcla  are  uwIcsl  The  hett 
'■'W^tthi  pMioniDK  arc  Ibc  catluilic  (alls  (15  U>  30  Gm-of  SJagnoium  sulphate). 

B»»Qiatioa  of  the  Stomach.— Vomiting  often  occurs  ^ontaneoualy, 
™'  ^tn  in  this  case,  more  active  measures  are  generally  required.  These 
"I*"  In  the  administration  of  emetics,  or  in  lavage. 

'^tft  always  deserves  preference,  if  it  can  be  used.     It  cleanses 
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the  stomach  much  more  cfTectuully,  particularly  of  »m»tl  insotuUe  ad- 
herent particks;  it  is  less  dqjrcssant  tn  the  patient;  and  it  permits  the 
convenient  use  of  chcmic  antidotes.  It  is  indispensable  with  depressant 
poisons  which  paralyze  the  vomiting  center  (such  as  deep  moiphin  «r_ 
chloral  poisoning). 

Thv  oamplidlMl  tlomach  pump  hiu  been  itenenlly  abMdoncd  for  the  more  coih 
vcnidit  sIODiAidi  tube.  In  Mnergcndcs  6  feet  of  rubber  go*  tubtOKt  with  a  lunnct 
altachcd,  noswcrs  very  well.  The  lube  should  not  beftrttd  down,  but  diould  be  ifnUy 
pusbcd  to  the  pharynx,  vhctt  the  pharyngeal  muidtsiriUsi«spit  sod  push  it  turthfr. 
Care  tliould  be  tAkm  to  avoid  overdislmtinn  of  the  Stomicb;  it  i*  mucL  better  to  att 
mall  CHMntities  of  fluid  (requeiilly.  If  there  is  much  pain,  a.o;  percent,  to  o.i  per 
cent,  of  cocain  may  be  added  tn  the  wiuh  mter;  againit  orBamlc  pnlsoDB,  a  o.J  :  l.ooo 
Mlotton  of  poiaulum  permHiiiianait'  a\ny  be  used.  If  there  Is  trismus,  or  the  patient 
resists,  the  lube  may  be  poued  through  the  noM. 

Emetics  h&vc  the  advanugc  of  greater  convenience,  and  avoiti 
RiniKKlins;.  They  should  he  repeated  every  fifteen  to  thirty  minutes, 
if  necessary, 

Afiomorpkin. — (5  mg.  (srain  J^o  '"  '  P"  cent,  solution  =  0.5  c.c. 
or  HI  x]  hj-podcrmitally.  Tiiis  is  the  only  emetic  which  can  be  given  by 
the  skin,  and  is  therefore  particularly  useful  if  the  patient  resists.  It  is 
very  prompt  and  certain,  but  rather  more  depressing  than  the  following 
emetics: 

Copper  Stilphate  or  Zinc  Sulphate.— Thtse  act  promptly  and  with  a 
minimum  of  deiKe^ion,  hut  should  not  lie  given  if  the  poison  is  a  corroaive. 
Zinc  sulphate  is  less  irritant  than  the  copper,  and  nearly  as  rfiicieot; 
3  Gm.  may  be  given  in  a  glass  of  water.  The  dose  of  copper  sulphate 
is  0.5  Gm.  at  once,  or  three  doses  of  o.j  Gm.,  fifteea  minutes  apart.  If 
it  is  ineffective  it  must  be  removed  by  lavage. 

IffCQC. — A  Icospoanful  of  the  powder  in  water,  or  a  tablespoon  uf  ibe  wine.  Un* 
ceTUin.  and  produce*  conndcrable  deptewion. 

Mmtard. — A  teaspoonful  Atirred  in  h  tumbler  u(  warm  w«tor.  ThU  Is  the  moat 
uncertain  of  thoc  cmetici,  but  UMful  in  emergencies. 

Neutralization  of  the  Poison— Chemical  Antidotec.— The  object  of 
these  is,  to  render  the  ])oIsiin  incaimble  of  acting,  or  of  being  absorbed. 
They  accomplish  this  by  cnvclopmg  the  poison  with  an  impenetrable 
coating,  or  by  precipitating  it,  or  by  destroying  it.  Since  these  antidotes 
are  hindered  in  their  action  hv  the  presence  of  food,  and  since  Uie  prc- 
cipitatrs  are  not  perfectly  soluble,  it  is  well  to  combine  them  with  Lavage 
or  emesis,  adding  the  antidotes  to  (he  wash  water,  or  giving  them  in 
the  inlcrvnl  between  vomiting;  they  must  be  repeated  frequently. 

DemiUcents  (raw  «^|gs,  acada,  boiled  starch  or  flour,  milk,  ad  libitum), 
— These  act  )>>'  lessenmg  absorption;  b^  allaying  infLammation;  and  in 
Uie  case  of  mttals.  by  precipitation. 

Predpitants. — The  most  imiversally  applicable  of  alt  precipitants 
is  tannin  (a  lexspoonful  of  tannic  acitl,  or  prefcr,ibly,  very  strong  hot 
tea.  ad  libitum).  The  efficiency  will  be  increased  by  the  addition  ot 
sodium  acetate  or  bicarbonate,  and  diminished  by  alcohol  and  acids, 
since  the  precipitates  are  soluble  in  these  media. 

FrQm  ihc  experiments  of  Kiefer  (iSoi),  on  kuuiin.  and  Solhnaiui  (iQoi),  on  tea, 
it  may  be  deduced  that  thoe  arc  nseful  aipun!.t:  .\pomanbin,  Qnchona  alkaloids, 
Hydratlin,  Strychnin.  VerattJn.  Ul)[ltaU»,  Antluyiin,  Colcmdo;  and  ibe  metaU:  Tb, 
A(t.  Al,  Co.  Cu,  Ni,  Ur,  Zn.  Fe. 
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SMTMly  utrful  agilnst:    Cociun,  Bnicin,  Aconitin,  l.obclin,  Ktcntln.  PUoufpbi, 
Codeia,  Muicariii,  Ph'Twstigmin.  Soluiin. 

PtatiUatty  mttlm  againit:    Atroptn.  Coniin,  Morphin,  Ai,  Sb.  He. 
Of  other,  fptcijk  pttdfUaMi,  tbc  follffirinE  (bould  br  rr m^mbrf  r<l : 

Fw 

Alkaloids, — ^Tincture  or  compound  tincture  of  iodin,  15  drops  in  half 
I  glass  of  water. 

iittals  (especially  mercury). — Raw  egRs. 
Anenic. — Arst-nlc  antidote  (see  Index). 
Barium. — Sulphates  (Glauber's  or  K|>som  salt). 
Ozaltilts. — Cakium  (limewatcr,  chalk,  whiiinR). 
Phosphorus.    Copper  sulphate  or  Oxidized  (old)  Turpentine.     (The 
envelopes  the  i>ho>piKiriis  with  an  insoluble  coalinj;  of  metallic 
ttmer.     Turpentine    fomis    the   insoluble    turpcntino-phi'sphoric    acid.) 
Antidotes  Which  Destroy  the  Poison  in  the  Alimentary  Canal. — 
{Unm,  fur  the  most  part,  will  not  be  u!«ful  after  the  poison  is  ubsocbed.) 
Atids. — Alkalies  (burnt  magnesia,  soap,  chalk,  baking  soda). 
AUaiits, — Weak  adtb  (vinegar,  lemon  juice), 

ftjimiV  Poisons  (Atkaioidi,  Glueoiids,  etc.)  and  Phosphorus.— ^xi^ing 
IfniL^,  cspedslly  Potassium  permanganate,  i  Gm.  (one>fourUi  teaspimn- 
M)  in  a  quart  of  water.  Care  must  be  taken  that  no  undissolved  cr>-stals 
iRadainjstered;  H)0|.  (In  case  of  snake  bite,  the  powdered  pcrmanga- 
ule  may  be  rubbed  into  the  wound,  after  free  incision.) 

Bjirocyauic  Arid. — The  above,  also  arsenic  antidote,  hydrogen  per- 
oniuid  hj-posulphitc  of  sodium. 

ItfteM  Vhkb  DMtrojr  Abcwbed  Poisons.— To  be  cITrrtlvc.  ihcte  muit  t>e  itlvtti 
^lyfciwlntjy  or  intra venmiiJy.  The  bei-l  knuwn  riimplH  af  this  elass  lire  th«  unli- 
w  >m.  Tne  followinx  *rt  t^^^a  u«c(ul:  Sixlium  li>'|io*ulp(iitc  atpiinftt  hydruciTAnic 
km:  itdl  todiuRi  cattKMiiilc  acaintt  mineral  acids. 

H<H*tl  o(  Poison*  after  Their  Absesption.— Thin  ctn  be  attrmnlnl  by  increMinK 
iMWrttian*.  but  is  mually  iwt  very  Kuccois>ful.  The  climinntion  by  the  itlicneiitarr 
'yjhu  bcM  dfacuMed.  'Dig  principal  rcmaiiuD};  cliiuiavis  ar«  ihe  urine  and  mat,  o( 
*w  tht  hcnicr  U  by  far  the  Bii>rc  imiiortanl. 

^ftiwtfc).— Water,  tspttblly  M  weak  im  or  carbonated  drlnkt;  theohroiain;  potu- 
■n  Ktbii  (irritant  diurelia  ibo«dd  be  avoided). 

Bitflmttiet. — Hot  driak:i;  bcAt;  pilocarpin  lif  not  contialndicated  by  pulmon.iry 
■*■»)-  Dinrc^and  di^ipliomU  often  (ail.  puvrily  because  they  act  too  »low1y,  partly 
'"*■*  Ut  all  poUons  ate  rlimtnalcd  by  thru  channeLi. 

hjiin,  tf  Sermal  Saliw  SolitUon  (i  [.iter  of  0.9  per  cent,  injected  under  the  »kin 
*  >■■  Nbdavlciilir  nvi^)  incmaca  cUmtnadon  by  all  chonDeU.  BUtiimi  niay  be 
""fW  la  ia  Mae  casei.  tTp  to  a  Gter  of  blood  may  be  dravm,  a  double  (loancity  ot 
•WKls(lMibdn8t0K<:t.<1 

Sirn^loauitic  Treatment. — The  symptom.^  produced  by  poisons  can 
«*ra  Ik  lessened  or  removed  by  tbc  use  of  drugs  having  an  opposite  action. 
"  ^  not  lo  be  supfKwetl  that  these  pkysiolcgk  anlidotex  really  lessen  the 
■™Wfl(  the  poison,  although  they  cover  its  symptoms.  But  by  tiding 
Iw  ptUmt  over  the  dangeroua  perio<l,  and  by  preventing  exhaustion, 
"7  wr  often  potent  means  of  saving  life.  It  must  be  remj.-mbered,  how- 
**"•  thit  large  <loses  of  the  antidote*  often  cause  effects  similar  to  those 
■''*poi»on,  which  may  aiid  to  the  fatality  of  tlic  Utter.  They  must 
"Wfcre  be  used  in  appropriate  small  doses. 

"Unut  purpoited  lo  enter  in  this  place  into  the  sjiecial  physiologic 
■alidiHa,  but  we  shall  take  up  only  those  measures  which  are  generally 
uni). 

'^ot  meature*  are  directed,  in  the  orifrr  of  Ikeir  imporlanu,  to:  sup- 
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porting  the  respiration,  heart,  and  vasomotor  tone;  to  lessen  cooling,  p*Ia, 
convulsions  and  coma. 

Respiration. — This  is  usually  the  first  function  to  fail,  and  accelerates 
the  other  actions  of  the  poison  through  the  convul.sa.nt  and  paralytic  i-iTccts 
of  asphyxia,  and  by  preventing  the  destruction  of  poisons  through  oxida- 
tion. For  these  reasons,  il  h  well  not  to  wait  with  the  supporting  measures 
until  the  respiration  has  actually  failed,  hut  to  begin  as  soon  as  it  shows 
^gns  of  weakening.  The  measures  consist  in  direct  or  reScx  stimulation 
of  the  respiratory  center;  in  artificial  respiration;  and  in  the  administra- 
tion of  oxygen. 

Reflex  stlmulalioti  of  ihf  respiraUiry  center  is  the  quickest,  but  can  not 
be  kepi  up  as  long  as  the  direct  stimulation.  It  may  be  secured  by  the 
administration  of  ammonia,  by  inhalation  of  ammonia  water  or  smelling 
salLs,  or  by  aromatic  spirits  ol  ammonia  (halt  a  leaspoonful  in  a  glass  of 
water);  the  aUernate  application  of  heal  and  cold  (whipping  with  wet 
towels);  friction  with  alcohol,  or  camphorated  oil;  hypodermic  injection 
of  brandy,  whiskey,  or  ether;  mustard  plasters. 

Direct  Stimulation  of  the  Respiratory  Center. — By  strong  hot  cofice, 
strychnin  (o.ooz  Gm.)  or  atropin  (o.ooi  Gm.).  The  respiration  may  also 
be  raised  by  improving  the  circulation.  Saline  infusion  Is  also  very 
efiective, 

Artificiai  RespirnJtoH. — This  should  be  resorted  to  whenever  the  above 
measures  arc  ineffectual. 

Any  o(  the  comm'nily  uwd  mttliods  (alsf  rhythmical  ttimulati«n  of  ihc  phrmic 
arcvr)  may  bt  used.  It  shuuldbt  rcmcmbiTcd  that  very  prolonged  and  violrnt  arliArt*! 
KspirAtion  rouy  injuri-  Ihc  lungs.  It  nlmuld  aluo  !«■  lumcmlvfcd  tliat  artilicial  fo|)ira- 
tion  is  Apt  lo  induce  apnea,  so  (iint  ilu  patient  docs  not  broths  spniiUnouusI}'  simply 
becausi;  there  is  not  riiuuKh  CO,  in  the  blood  lo  slimulate  the  respirnloiy  «-nt«t.  If 
Uic  heart  is  strong,  the  nrliiictat  respiration  should  therefore  be  intcnnittcil  occsnonatly 
for  a  fthort  limc. 

Oxygett. — This  will  be  useful  in  every  case  of  failing  respiration,  and 
particularly  if  an  asphyxiant  gas  is  the  cause  of  the  poisoning. 

Heart.^-\ttcmpts  to  revive  or  even  to  support  the  poisoned  heart 
directly  have  not  been  verj'  successful.  The  best  results  are  obtained  by 
the  injection  of  normal  saline,  possibly  with  the  addition  of  some  epi- 
nephrin  (1:100,000).  Digitalis  Is  usuaUy  unsuccessfid.  Strong  rhythmical 
pressure  (rate  of  100  per  minute)  over  the  cardiac  region  of  the  chest,  may 
be  helpful.  A  dilated  heart  can  sometimes  be  revived  by  withdrawal  of 
blood. 

Vasomotor  Stimulation. — This  Is  usually  accomplished  by  Ihc  reflex 
stimulants  mentioned  under  respiration.  Lowering  of  the  head  and  ban- 
daging the  extremities  is  often  suHicienL 

Cooling. — This  Is  prevented  by  the  application  ot  external  heat;  pain 
by  mcirphin,  or  if  local,  by  cocuin;  convulsions  ;ire  controlled  by  the 
cautious  inhalation  of  chloroform ;  coma  by  reflex  stimulants,  coffee,  and 
atropin. 

Methods  of  Administering  Antidotes. — Physiological  antidotes  should 
be  given  hypo<i(frmii.'ill>  <ir  intravenously,  if  possible.  This  obviates  the 
loss  of  the  antidote  through  vomiting,  and  the  action  is  more  prompt  and 
more  certain. 

U  the  circulation  is  very  low  the  a  bsorption  o(  hypodermic  inji^Uons  rnnj  iiso  b* 
very  slow.  It  is  therefore  wetl  thoroughly  to  miuugc  the  utc  of  the  injectioii.  and  If 
the  circulation  bus  ntmosl  stopped,  lo  employ  vi);onju5  rapid  ihythmiul  ConprtarfOB 
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oS  Ute  heut  (lfai»  moinUini  a  fairly  ctllcicnl  artiijcuil  circulation  even  after  Ibc  bewt 
lus  tloppcd  bcaUog). 

R£suiq£  ol  the  General  Trestment  of  Poisoning.— Promptness  is  of 
vilal  impuriancc.  The  physician  should  !>c  familiar  with  antidotes;  he 
sboukl  have  these  antidotes  readily  accessible;  he  should  plan  his  treat- 
ment on  his  way  to  the  patient.  If  he  finds  the  condition  of  the  patient 
danjterous,  he  should  at  once  proceed  to  relieve  the  symptoms.  Otherwise 
he  should  first  adminislcr  the  chemical  antidote  and  evacuate  Ihe  stomach; 
apply  hctt;  attend  to  ihc  respiration,  to  pain,  to  any  other  symptoms;  give 
a  diuretic,  and,  finally,  a  cathartic. 

AnUAattt  jar  Ftrsl  Aid. — Every  physician  (and  cvciy  draa  store)  should  keep  the 
foUomtE  antidoles  tORCthrr.  In  a  specini  satchel  ("Antidotc-iing")  so  that  they  cso  be 
wdHy  miuported.  The  dose  should  Ik  written  on  Citch  contsincr.  Amyl  nitrite 
pearis;  .^pomoipliin  tnhlptK.  2  mg.;  Alrapin  tahlcti.  1  rog.:  Caf!ein  Citrate;  Chloro- 
Torm;  Coc«in  htdtochlurid  tablets.  0.03  Om.  (;  ta  4  per  quarts  Tincture  iodin;  Copper 
mlptute.  povdcrcd;  Limr  Water;  MuRnesia.  calcined;  PoUusium  permanganate,  i 
per  cent,  solution  (to  be  diluted  ten  times);  Soiiium  sulpluitc;  Spir.  Ammon.  Arum.; 
Strvchiun  mtnhaie  tjhlrlt,  1  mg.;  Whiskey;  alia  a  h>-paaermic  syritigi:  in  good  order, 
uia  m  6tomacn-tube  with  funnel. 

The  follonin;;  should  be  ilemandcd  at  the  houiH:  of  llic  patjrnt:  Rolled  water; 
Coffee  (stroni;  hot,  and  lilark);  E^^gs;  Hot-water  bagi;  Milk:  Mustard:  Salad  oil;  Salt; 
S«ap;  Starch,  boiled;  Tea,  Vinegar. 


PRESCRIPTION  WRITfflG 

Parts  ci  the  Prescription.^ — A  prescription  i^  an  order  for  medicine, 
sent  by  a  ph^'^iciao  to  a  pharmacist.  It  consists  of  the  following  parte 
(in  this  oraer): 

1.  Snptrscription. — The  heading  {Vf). 

The  I)  standi  (or  rtdpf,  take  thou.  The  stroke  is  iprnerally  considered  aii  ancient 
imrocation  to  Jupiter;  but  probably  it  is  »mply  a  sign  of  abbreviation  (McOuigaa,  1913). 

a.  Inscriflicn. — ^The  ingredients  and  their  amounts. 

3.  Subscription. — The  directions  to  the  flispcnscr. 

4.  Sifitatttre. — The  directions  to  the  .patient. 

The  prescription  should  also  bear  the  signature  of  the  physician,  the 
dale,  and  ihc  name  of  the  patient. 

The  Instriptiim  may  consist  of  but  one  ingredient.  If  several  arc  used, 
they  should  be  placed  in  the  following  order: 

Basis:  the  principal  substance. 

Adjuvant:  Ihc  substance  which  is  used  to  aid  the  action  of  the  basis. 

Cofreriive:  whose  puqwsc  it  is  to  modify  or  correct  an  undesirable 
action  c^  the  basis. 

Vehi(h:  the  indifferent  substance  used  to  dilute  the  active  ingredients. 

The  following  is  the  type  of  a  complrtt  prescription: 

H  Gk.  vel  C.C. 

Tinctur*  Aconili ,....     0:45 

Spititux  .4vtbcris  Nitroii 15  I 

Liquorii  Ammonii  Acctatis -   tj  I 


SMptriaipJioH  .  .  .  . . 

Inuriplivn:     BmIv 

Adjuvant. 
Corrective 
Vehicle... 

5«tscri^HM 

Sigmalme 


Klixirix  .Aromatici- 30  I 

Miscc 


S.  Tcu»poonful  every  hour  in 
tfmoi  water. 

Dr.  X 

Jan.  t,  IQOS- 

Fot^At.V....'. 


half 


00 

The  names  of  the  ingredients  and  the  directions  to  the  pharmanstt 
arc  generally  written  in  Latin,  usually  wilh  abbrcviiilions;  but  ihcy  may   i 
be  written  in  KngliiJ].     Willi  li(|uid  mixtures,  the  directions  to  the  phar- 
macist may  often  be  conlined  to  M.  (misce,  mix). 

The  directiom  to  the  patient  (signature  abbreviated  Stg.  or  S.,  for 
"iwgna,"  sign)  are  always  written  in  English,  so  that  the  patient  can  read 
thrm.  The  directions  should  be  made  as  complete  as  possible,  and  should 
include  everything  which  it  is  ncccssan,-  for  the  patient  to  know.  The 
habit  o(  ^ving  verbal  instructions  to  j>atieiits  and  of  having  the  medicine 
labeled  "use  as  directed"  can  not  be  loo  much  discouraged.  Aside  from 
the  fact  that  hunuin  memory  is  extremely  apt  to  fail,  the  patient  or  rela- 
tivfs,  when  the  prescription  is  given  tn  them,  are  usually  in  a  more  or  Icm 
excited  frame  of  mind,  and  can  not  be  relied  upon  to  remember  what  is 
told  them.  Medicines  intended  for  external  application  should  he  plainly 
labeled  to  that  effect,  and  when  a  medicine  contains  [Mison,  it  should  be 
90  labded,  except  when  there  is  special  objection  to  this. 

TTie  custom  of  having  prescriptions  "rc/tUed"  obtains  in  many  locnU- 
lies.  Whereas  it  is  often  impossible  for  the  ph)'sician  to  put  a  slop  to  this 
practice,  it  is  absolutely  necessary  that  he  should  prevent  such  prescrip- 
tions being  reeled  which  contain  narcotics  or  other  drugs  likely  to  cause 
a  habit.  He  can  attain  this  result  by  writing  ''tu>n  repelutur"  under  llic 
prescription.  The  drujcgisl  rcfdling  this  will  do  so  on  his  own  re^jMnxi- 
btlity.  (The  law  prohibits  the  rdilting  of  prescriptions  containing  mor- 
phin  or  cocain,  with  their  derivatives.  A  prescription  must  be  written 
each  time  that  lhc»e  arc  to  be  dispensed.) 

When  the  patient  is  vcrj-  poor,  it  is  often  customary  to  invite  the  drug- 
gist to  charge  him  the  lowest  terms  by  writing  P.  P.  (Pauperissimus) 
under  the  prescription.  It  is,  of  course,  not  just  to  do  this  if  th«  physician 
himself  receives  a  regular  fee, 

Portns  of  Adminislration.  If  the  medicine  i«  to  be  lued  itltrmtlty, 
it  may  be  prescribed  as: 

S^ufion.—lt  the  ingredients  are  soluble  in  water,  alcohol  or  glycerin. 

Mixtures  or  emtdsiom,  i.c.,  suspended  by  acacia,  if  insoluble  in  water. 

Pcwdn. — If  tlie  substance  does  not  have  a  very  bad  taste.  These  aie 
preferred  to  the  following  ])rcparaiions  if  the  dose  is  bulky,  or  if  the  sub- 
stance is  to  be  dissolved  in  water  before  swallowing. 

Pilh,  Capsules,  Etc. — If  the  substances  are  solid  or  semisolid,  and  po*~ 
sess  a  disagreeable  taste;  or  if  they  arc  to  act  locally  on  the  alimentary 
canal. 

If  the  medicine  is  intended  for  external  use,  it  may  be  prescribed  as: 

Plaster. — If  the  action  is  lo  be  prolonged  and  superficial. 

Ointment.— It  the  action  is  to  be  deeper,  or  briefer. 

Lotions  or  InJeclioHS,  Eye-waters,  Gar^lrs,  FXc. — If  it  is  soluble  in  water  - 

Liniment. — ii  it  is  soluble  in  oil  or  alcohol. 

Si:e  of  PrMcri^iVn J. ^-Fluids  should  be  prescribed  soas  approximatcl 
to  fill  the  bottles  in  current  use  (15,  50,  60,  115,  150,  Joo,  400  c.c 
(W.  i>  '!  4;  <>;  8  and  16  ounces). 

For  drop  doses  and  eyc-wat«rs,  the  usual  amount  is  15  t0  30C.c.  (^ 
i5);  for  teaspoon  doses,  30  to  125  c.c.  (i  to  48 );  for  gargles  and  injection*.  4 
60  lo  150C.C.  (2  to  63);  lotions,  no  to  100  c.c.  (4  lo85);  tablespoon  dose^  « 
150  to  400  cc.  (6  to  t65)-  Pills  arc  prescribed  in  numbers  of  s  '<•  ^S  • 
powders,  I  to  ii;  ointments,  10  to  30  Cm.  {\i  to  ij). 
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TiM  HMd  flf  nactfea  in  PrMcriptlon  Writing'— The  tubjcct  at  pmcnption  nrliing 
Kcms  to  pOHcaa  •Imau  iiuurroinmtablc  difficulun  fur  tlic  student.  Tbeic  u,  ^ttiap«. 
■0  other  tubjcct  b  tfac  whole  coune  of  study  which  he  fiiuU  more  diKoutaging  ana 
tnirtw  wttb  tcM  Mtafaction.  N'cveithde*s  the  principles  upon  which  it  is  bucd  ue 
kw .  (unplr,  and  ouly  meaioHMd.  When  iisked  for  thtm,  tAc  atudcnt  usually  faa*  no 
dficatljr  in  anawrrinic  the  qucstiona.  Th«  djl&:ultiea  appear  when  bo  trie*  (a  put  theM 
lAtdples  failo  practice.  But  it  i*  the  Mine  vritb  any  oiner  art:  Dotbing  but  practice 
•11  gti-c  cipcruoa. 

The  pre«cription  is  usually-  a  fair  indication  of  the  ph)-»dan's  traiitin^, 

bewledge  and  character.    The  student  who  would  master  this  subject 

tnosl  iKJt  rest  content  witli  d<ung  the  few  exercise*  which  can  be  given  him 

Id  cUsa.    As  be  studies  cuch  drug,  or  as  he  reads  up  ihc  treatnieiu  of  dis- 

aaa,  he  sihould  him.H«lf  compile  such  pretcnptions  as  Ihe  subject  suggests. 

rhb  will  not  only  uid  him  in  prescription  WTiting,  but  in  pharmacoloKy 

uid  tbenpeutics  as  well.     It  is  only  in  thU  way  that  he  can  aaiuire  the 

ncCGiMTy  self-confidence  and  skill.     In  this  home  practice,  method  and 

drUul  sltould  be  cultivated,  for  in  these  lies  the  secret  of  the  art.    The 

following  rules  may  prnve  helnfu!: 

Koutine  Constructioa  of  Prescriptions. — When  writing  a  prescrip- 
tion for  a  given  condition,  put  down,  first,  the  name  of  the  best 
ftmedy.  Ask  yoursi-lf  whether  there  is  any  oihcr  drug  which  may  be  em- 
ployed to  aid  or  usefully  modify  this.     Put  this  down  also. 

Then  consider  in  which  form  Ihe  medicine  should  be  adminUtered, 
•hether  as  liquid,  powder,  sidvc,  etc.  This  will  usually  determine 
vtdcfa  preparation  of  the  ingredient  is  to  be  employed.     Put  this  down 

Then  a«k  yourself  what  may  be  added  to  render  the  mixture  agreeable 
to  the  patient.  Add  the  vehicle.  When  this  is  written,  all  the  ingredients 
•Mbcretiresented. 

Now  look  over  these  carefully  and  see  that  there  arc  no  incompatibili- 
ty and  that  the  constituents  are  soluble  if  the  mixture  i.i  to  be  a  liquid. 
Write  the  directions  lo  the  dispenser.  Assure  )'ourself  that  the  prescrip- 
teiftvrammatically  correct  (especially  the  endings). 

Decide  how  many  days  the  mixture  is  m  lie  taken,  and  how  many  doses 

»^y  (on  the  baaa  of  sixteen  hours  lo  ihe  day).     Decide  whether  the  dose 

due  total  mixture  h  to  Iw  a  teas^oi>nful,  lablcspoonful,  etc.     By  multi- 

I'yag  the  total  number  of  doses  with  the  size  of  the  single  dose,  ascertain 

w  approximate  size  of  the  mixture.     Round  this  off  to  a  convenient 

Multiply  the  single  dose  uf  each  ingredient  by  the  tout  number 

'Aaiea  (again  reducing  the  quanlities  to  round  numbers,  unless  the 

■liiuent  b  very  active).*    Check  the  doses.     Write  the  direction.i  to 

patient.    Consider  whether  a  mom  rcpflalur  i.*  advisable.     Affix  your 

tm,  the  date,  and   the  name  of  the  patient.    This  fmishcs  the 

',  Jan.    Look  over  Ihe  result  c.irefull>'  in  the  same  order. 

It  would  seem  almost  superfluous  to  mention  (hat  it  is  extremely 

'  1  in  writing  pre^u-ripltons  to  Miv  as  leiiiiU  hiittduTilin%  as  possible. 

^astonishing,  in  view  of  the  dire  results  that  may  follow,  bow  often 

™Klf<ti'dcnt  rule  U  disregarded.    Tl>e  *ame  remarks  appl>'  to  aMrevia- 

*^   Mliile  ii  is  justifiable  to  employ  abbre\'iations  even  extensively, 

'  *  MOt«sar>'  to  make  these  in  such  a  way  that  tlicy  can  not  possibly  be 

L»^  .?V»«>er  hi*  fmiail  it  vny  oxdil  in  <!■«  xmmiat  in  pmcfipuofi  writinR.  lo  nwkr  Kimr  lA 
iS~<niM  IB  tare  voili  "m\  ihc  •nKriinioni  oa  ilic  l>lk(t[tMW<l.  wul  (u  aublMi  lh«r  <ii  th« 
™*»  ft  x\m  ktu*. 
J  /^  "ty  abs  wntM  ths  MutitiM  (or  ■  uhbU  doM.  (nd  Mat*  in  (b*  wtacriMion  Uh  Munbaf 
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misinterpreted.    It  is,  therefore,  advisable  to  employ  the  oflncial  abbrevla- 
lions  which  are  given  under  the  "Preparations," 

An  efficient  aid  in  acquiring  practice  in  writing  prescriptions  is  to 
look  over  a  druggtil's  prescription  file,  when  ihU  may  be  done. 

The  copjing  of  a  prescription,  ingredient  for  ingredient  and  dose 
for  dose,  is  as  much  empiricism  as  the  use  of  anyoUwr  rea<iy- made  com- 
pound.    The  physician  should  be  wdl  enough  educated  lo  devise  his  own  j 
prescriptions  and  to  select  such  ingredients  as  will  best  suit  the  <^>cdsl 
needs  of  ihe  case  in  hand. 

Simplicity  ia  Prescription  Writing. — Formerly  the  ingredients  of  a 
prescription  were  almost  numberless.  This  was  in  the  time  of  empiricism, 
and  was  simply  an  application  of  llie  idea  that  in  a  large  mixture  of  sub-' 
stances  there  would  probably  be  one  which  would  do  good.  This  was  lh»l 
so-called  "shot-gun  prescription."  At  present  the  tendency  in  prescription 
writing  is  to  make  the  prescription  as  simple  us  possible.  This  avoids 
the  chances  of  incompatibilities,  and,  what  is  more  important,  makes  the 
action  of  the  medicine  more  easy  to  watch  and  control.  Especially, 
one  should  avoid  to  combme,  in  the  same  prescription,  drugs  which  differ 
markedly  in  quickness  of  action,  absorption  or  elimination;  or  habit- 
producing  drugs  with  others  that  will  presumably  be  used  for  long  periods. 

n  the  pcrscKiitioD  mctudtfs  u  cumber  of  [nixlurcs.  itul'Ii  Ctintainini;  wvrml  inifrcttirnu. 
such  OS  the  numbrrlcss  pnpaniiions  now  put  on  the  market  bj'  many  finm,  Ihc  result 
it,  of  course,  as  much  a  "shot-gun"  preacnplion  as  it  the  prcscrlbrr  hatl  enumerated  all 
the  ingredients. 

Posology  (Doses). — The  dosage  of  drugs  must  be  adapted  to  the 
individual  paUent.  ITie  Pharmacopeias  state  "Average  Doses"  (adult) 
for  each  preparation  that  is  likely  to  be  used  internally^  but  these  are 
not  intended  to  be  binding  on  physicians.  They  are,  however,  convenient 
approximations  for  memorizmg-  The  metric  and  apothecaries'  doMSl 
in  the  U.S.P.  arc  not  intended  as  mathematical  equivalcnu,  but  represent 
rather  the  quantities  that  would  be  used  by  prescribersin  these  systems. 

The  doses  of  crude  drugs  are  given  mainly  as  a  basis  for  calculating 
the  preparations. 

Maximal  Doses. — The  pharmacist  is  supposed  to  check  the  quantities 
of  the  ingredients,  and  not  to  dispense  a  prescription  containing  an 
unustmi  dose  of  a  powerful  poison  witliout  convincing  himself  that  the 
ph)'sician  prescribed  this  intentionally.  While  this  docs  not  in  any 
way  lessen  the  responsibility  of  the  physician,  it  is  a  safeftuard  which 
deserves  all  encouragement.  To  avoid  delay,  it  is  customary  to  mark 
such  large  doses  in  such  a  way  that  the  pharmacist  will  have  no  doubt 
that  they  are  intentional.    Thus: 

Tr,  acooiti,  3j  or  3jl;  f""  5)  Q-  R-  (quantum  rectum),  the  last  bdng 
the  best. 

Most  foreign  pharmacopeias  (but  not  the  U.S.P.  or  B.P.)  give  tables 
of  "Maximum  Doses;"  not  with  the  purpose  of  restricting  the  phvjJctan, 
but  as  a  guide  to  the  pharmacist.  The  Utter  is  not  permitted  to  clispensc 
doses  larger  than  these,  unless  the  physician  indicates  specifically  (a»j 
explained  above)  that  the  larger  doses  arc  intentional.  The  mazimuOl^ 
doses  in  this  book  arc  taken  from  the  compilation  of  the  U.S.P.  Digest, 
191a,  pp.  4»-4J. 
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PRESCRIPTION  LATIN 

It  in  cuatornary,  but  not  cotnptil^ory,  to  write  the  inscnption.  and  Aflen 
I  the  !'UbM.Tiption  in  Latin.  A  slight  knowlalg<r  of  Ihi-  rulrs  of  grammar 
ol  this  )angu3Kt.'  i*  therefore  desirable.  It  is  supposed  that  thi-t  U  posM-ssed 
by  the  student,  and  the  following  U  intended  merely  to  tecull  some  of  the 
more  important  facts. 

AdranMcM  of  Latin. — The  uw  el  the  Latin  aanm  of  dra^  It  geoenSy  nrged 
niiM  thev  ore  more  definite  and  coDcifC.  and  )c«k  liable  to  diange  than  oommon 
UMCiand  bccautethcyKrvelokwptbcpauent  iaixnoraaoa  of  the  nature  of  thcdniip. 
TUtisianKtiinc*  vcr)-dcsinble,/i-,  to  niardaBsinstdniit  habits.  However,  the  officul 
EnaUah  namn  art  equally  de^mtr;  and  as  dtlier  names  are  usually  abbreviated,  then 
b  littJc  diflcrcnce.  An  a  matter  of  tact,  kss  than  j  put  ccnL  of  the  U.S.P.  "Latiii" 
UBBn  are  rrnlly  I^tin  fOldben:.  tqio). 

In  the  directions  to  the  dispenser.  Uilin  lias  00  advanlaec,  except  in  the  brevity  ol 
the  cuitonury  Bbbrci-intionn.  Indeed,  unuiuul  Latin  Icrniii  are  upl  lo  lead  la  miiluliei. 
The  dbcardiag  of  Latin  in  pfcscKplion  writing  is  being  actively  discussed  (Fanlus, 
Iti6). 

Gntmmatic  Rules. — The  mipfrscripiion,  R  (recipe:  "lake  tliou"), 
Kijuiies  the  name  o(  the  substance  to  dc  in  the  genitive,  if  the  quantity 
bgivoi,  the  quantity  itself  being  in  the  accusative  (the  latter  is,  of  tourse, 
Ttty  ntrcly  written  out  in  full).  When  the  quantity  is  not  given,  the  naine 
d  ue  sulwtancc  is  to  be  placed  in  the  aceiLsative.  .\djcctives  af;ree  with 
Ihclf  nouns  in  gender,  number,  and  case. 

Tliese  rules  will  generally  be  understood  by  translating  into  English: 
t^..  Take  thou  of  tincture  of  aconite  i  ounce. 

TV  foOowing  nilea  for  th«  fbmiatjoa  oi  the  genitive  case  KtU  he  found  valuable 
fMun'tMasnal"): 

Rns  I. — .4JI  oMMf  mJJacin  si,fi>ria  thr  [cititiir  in  x;  as Quinina. Quinine,  ^^"t" 
>imt:  A>pido«pcnna.  PhysMtigina,  and  Thrabromn  forni  the  genitive  in  aiis.  Folia 
iiplai»);jpBitlve.  (oltoniiB. 

Ktu:  ). — Alt  iMuist  rndiiii  in  ns.  uro.  os,  on.  farm  lit  imiifiK  in  i;  as  C'oniuiB, 
CiwU.  Rurpiiinu:  Rhus,  Jicn.  RhoU;  Plo«.  gen.  flori*;  ErigcroD,  gen,  F.ri8crontis. 
Flaclit,  Conins.  Quercus.  Spirilus.  do  not  chanjte. 

Rcu  3..— jI1{(MW  ■awnio/xtiitnvr  IfriKiisafMM  matf  the  irnilivt  im  »,  or  it,  Ulldf, 
P&.  Btdns. 

^M  lengthen  the  ttrminslioo  IhUS: 

Acetatis. 
Anthcmidls. 
Pepoois. 
Cortids. 

^^Itnarcs  (c«  exceptfana.  Atcl(|da»,  gen.  .Ytde^odis;  Uoa,  gen.  Marit^  Phosphis. 
^q>h.(tc.  iccn.  lib;  MncitagQ,  gen.  Madlaginisi  SoUdoKO,  g«.  Solidaginis:  I^•lvi». 
*yw«fia,e«u 

TWhlMugwordsdonol  change  In  thdr|auliv«:    Audaradi,  Buchu,  CMiaobi*, 
••■■I,  CMulunago,  Cotaus,  L'urare,  Cusao,  Fnictus,  IHgitaJis,  Hydrastis,  Jaboran<II. 
^'^J^Uuko, Oucfeus,  Soasafraa.  So^o.  Sinapis.  Spiriuis,  Gambir,  Sumbul. 
J[>>  •MUMttra  to  nuely  en)plo>-cd.    It  is  formed  according  to  the  following  rules 

I,  ^'11  ti — ffvnu  dngtihr  tndint  in  a,  at«feminlHt,  amd  make  Iht  atctaatm  sifgiiiar 
]^f**tiitiiKf«iiti  as.    Example:    DracliRia,  ace.  »ing.  Drochman,  pl.  DiBchtaas. 

■       "       "      "     im.     rAeocEWU- 
Biascutioe,  Iboae 


as,  genitive 

atisi  OS  Acrtaa, 

b. 

Idls;  as  Anthmls, 

0, 

onis;  as  Pepo, 

a,        ■• 

at;    ns  Cortex, 

L  u*  '' — ^^*'  tndimi  t  H  lun  «r  ns,  make  tiu  iKciuclitt  tinfidiw  id  um. 
l^fWf/UMt  fa  as  ii  oa,  doirf  (•/ lA«M  in  am  ism.  Those  In  •ubkbis 
"■auciviiiH' 


'•Kaeula: 


Congius,  ace.  slog.  Coogiiim;  occ.  pL  Congios. 
CiranuiD,  ncc.  dag.  Granum;    ooc  pl.  Graaa. 


^U  )j— rjhMC  irAtfie  (entitot  nsdi  tn  Is./nrM  Ike  aecuMtiv*  in  en,  fkiratn. 
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'  Attention  is  also  called  to  the  fact  that  adjectives  change  their  ei 
a  fact  which  the  student  is  apt  to  forget. 

The  following  preposUions  are  frequently  used,  and  command  1 
lowii^  cases: 

ad to accusative. 

ana' of  each genitive. 

cum with ablative. 

in into accusative. 

The  following  Latin  words  and  phrases  occur  frequently  in  pi 
tions  (adapted  from  Mann) : 

ad to,  up  to 

ad  libitum at  pleasure 

^dde ado  (thou) 

ana  ((14) ol  each 

aqua  bulliens boiling  water 

"    foQtana spring  water 

"    fervens hot  water 

"    destillata distilled  water 

bene well 

t»s  in  dies twice  dailjj 

cape,  capiat take,  let  him  take 

cbkrta a  paper  (medicated) 

chartula a  small  paper  for  a  powder 

cibua food 

cochleare  magnum a  tablespoon 

"        parvum a  teaspoon 

cola,  colatus strain,  strained 

collyrium an  eve  wash 

congius  CC.) a  gallon 

cum with 

dilute,  dilutus dilute  (thou),  diluted 

dimidius one-half 

divide  (Div.) divide  (thou) 

dividendus to  be  divided 

dividatur  in  partes  Eequales let  it  be  divided  into  equal  parts 

dosis a  dose 

eitende  supra spread  upon 

fac,  fiat,  fiant  (Ft.) make,  let  be  made,  let  them  be  m 

fac  tales  doses make  such  doses 

filtra filter  (thoul 

gargarisma a  gargle 

Ktta,  guttje  (gtt.) a  drop,  drops 
ustus a  draught 

hora an  hour 

hora  somni just  before  going  to  sleep 

hora  decubitus at  bed  time 

in  dies daily 

instar like  (with  genitive) 

lac milk 

libra  (lb.) a  Troy  pound 

mane  primo very  early  in  the  morning 

magnus large 

misce  (M.) mix 

more  dictu as  directed 

non  repetatur do  not  repeat 

numerus,  numcro  (No.) a  number,  in  number 

octatius  (O.) a  pint 

ovum an  egg 

pars a  part 

partes  squales  (P.  e.) equal  parts  (governs  genitive) 

parvus small 

1  Prom  the  Creek. 
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[Adt  (p«L) a  pill 

pit  le  uU  (p.r.n.) according  to  circumsUnces,  occa^onally 

pdvis  (gen.,  piUveris) &  powder 

quiitum  sumdt  (q.  s.) as  much  as  is  necessary 

qniquc  hora every  hour 

(com)  semiue  (ss.) aad  a  half 

Bgn> si^n 

SDt without 

■  opos  9t if  oecessarj' 

fin,  uliitus dissotvF,  dissolved 

•otnlio a  solution 

itUini immediately 

t«fe , such 

ttitura , . ,  triturau 

tntsimul rub  together 

III  in  die  (ti.d.) three  times  a  day 

ntdlni the  yoUt  (of  an  egg) 


COLORING  Am)  FIAVORING 
COLORIHO 

Liquid  prescriptions  intended  for  internal  administration  should  be 
dear  if  possible.  It  might  be  well  to  mark  all  such  prescriptions  "filtra." 
Theai^earance  may  often  be  materially  improved  by  the  addition  of  some 
coloring-matter,  and  this  may  also  prove  useful  through  its  suggestive 
dement  and  by  hiding  the  nature  of  the  medicine  from  the  patient.  The 
Kature  of  the  coloring-matter  must  vary  according  to  the  nature,  and 
t^wciaily  the  reaction  of  the  mutture.  The  usual  colors  for  internal  use 
w  red,  brown,  and  yellow.  Anilin  dyes  should  be  avoided,  except  methy- 
Itn  blue  and  gentian  violet  for  external  preparations. 

The  most  useful  dyes  are  the  following: 


Fct  ilktline  or  neutral  Quids: 

f«  idd  fluids: 


Red 


Brown 


YeUoo 


Tr,  Cardamomi  Fldext.    Glycyr- 


Co. 
Liq,  Carmini 
Tr.  Persionis 

Catmine 


rhizK 
Elixir  Adjuvans 
Caramel 


Tr.  Hydrastis 


Tr.  Hydrastis 
Tr.Cutcumz 


PKEPA8AT10NS— RED  COLORS' 

Cwtki,  Cochineal,  U.S.P.,  B.P.— The  dried  female  insect  of  Coccus  Cacti. 

■_'■  Cea.,  B.P. —  lo  per  cent.     Dose,  0.03  to  0.1  c.c,  5  to  15  minims,  B.P. 

CoMnum,  Carmine. — A  precipitate  obtained  from  decoction  of  cochineal  by  alum 
°^<?T^  1!  tartar.  Soluble  In  alkalies,  brightened  and  precipitated  by  acids.  Also 
•MUbJt  In  »]cohol.     Contains  carminic  acid.     Used  in  powders,  etc.  (i  :  500), 

,"!"»  Camini  (Liq.  Carm.). — A  gtycerinated  extract  of  carmine.  Pink  to  deep 
™  ffl  ilk»line  solutions,  precipitated  oy  acids.  Used  in  the  proportion  of  about  i 
pet  cenL 

^CTf,  Ctriamomi  Co.  (Tr.  Card.  Co.). — An  aromatic  alcoholic  (jo  per  cent.)  vehicle, 
wwjw  "itJi  cochineal.    Used  undiluted  (see  Index). 

"■  ftnitmit  (Jt.  Persion.);  Tina,  of  Cudbtar  (a  lichen  allied  to  litmus).— Red  in 

-^^  y^  prtpar&tiofu  of  emch  cUw  are  gtnerally  Arranged  alphAbeticAlly  under  the  crude  dni^. 
uthl^l'v'"*  P"P'™ti°°>.  which  ths  itudenl  »  expected  to  iiudy.  nt  nurked.'  Id  addition 
to  tattt.  bt  iboqld  glance  over  the  coTTopondiag  crude  d^^ft. 
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neutral  or  ncid,  purplUh  la  ftlk&Hne  solutioiu.    Utcd  in  the  proportion  o(  about  i.j 
per  cent. 

Sant'iliim  Ruhrum  (Santal.  Rub.],  U.S.P.;  PterocarP.  Lign.,  B.P.,  Sxd  Sounder*. — 
The  heart-woud  of  Ptcrucarpu*  tantallnum.    Used  in  Tr.  L«vand.  Co.  J 

PRKPARATIONS — ^BKOWN  COLORS 

Ciram^I  in  X  conc<tntrat;<J  uqueoiu  nolutioii  of  carbonlxed  tusar.  Conuncrci&t 
eiMBKl  h  Rcnrinlly  mnilc  by  healing  glucose  with  3  lillie  alkali,  unul  the  xwci!l  luilRtt 
deitroyed  and  u  uuiiurm  durk  ma»  ri'-sulth  II  U  probably  a  cumplct  mixture.  Caia- 
mel  from  Canc-suKar  unurdiiiK  >'>  SloLlc,  tSgg,  h  a  siniflc  iubstanct.  Ci,HiiUh  formed 
bv  the  elimination  of  two  moleculei  of  water  from  sucroK.  Curamcl  u  bdog  tried  In 
dikbctca.  bclnn  appatrnily  welt  tolerated  (Grafc,  1914;  Umber,  igij). 

*Pld*xt.GlyeyTrhita,  and  'Bit.  Giycynh.  (see  ludci). 

PREPARATIONS— VBIXOW  COLORS  " 

Croeui,  S&Ston,  has  been  used  as  abortifadent;  but  it  apparently  lacki  this  action 
and  is  practically  non-toiic  (CnidalU.  iqm)- 

•/>.  Ctirt-uma  (Tr.  Curcum.)  (Turmeric)  prcdiiitatei  with  water,  but  »uflicient 
remoini;  in  solution  to  impart  it  yellow  color.  Uicd  m  ratio  of  t  per  cent.  Cumim 
chanKes  to  reddUk  brown  in  alkalies. 

*Tr.  nydmsiit  (Golden  Seal)  is  used  simlUrly  (wr  Index). 

FLAVORDiG  H 

This  subject,  although  often  neglected,  is  quite  important.  It  not 
only  humors  the  patient  am!  wtiircs  more  conscicntiou*  compliance 
with  the  prescription,  but  also  often  aids  absorption  and  digestion — just 
as  condiments  do  in  foods. 

Patients  often  fail  to  i^e  a  diugreeable  medicim,  and  the  physdan  should  alwajna 
be  on  the:  lookout  for  such  cfiwi.  It  iBScarcelyoccenao'  to  say  that  h«  thould  uvnad- 
raalety  tuntrol  the  amount  taken  bv  judging  ax  to  the  ituanUty  left  in  tbc  cnntauier,  as 
he  should  alM>.  in  general,  control  the  medicine  dispensed  by  the  druKKist  as  to  lla 
appearance  and  taste. 

Some  patients  carry  the  deceit  further  and  pour  away  the  appropriate  amount  of 
the  mi'dinne.  and  if  trie  physician  ilcKS  not  obtain  the  anticipated  results,  it  may  be 
well  to  prescribe  some  test  medidne,  luch  a>  salol  (o,j  Gm.),  or  potasuum  iodid  <o.s 
Cm.),  which  can  be  detected  in  the  urine. 

Iiiq>roviiig  tfa«  Taste  of  Liquid  Medicines. — This  may  be  done  by 
dilution;  sweetening;  demulcents,  aromalics;  alcoholics;  acids;  bitters; 
and  drugs  which  paralyze  the  taste-endings.  Several  of  these  means  are 
often  combined.  * 

Simple  DUution.^This  is  often  most  effective  for  salts,  alkalies, 
chloral  and  other  hypnotics;  ancJ  in  general,  substances  with  disagreeable 
but  not  very  marked  ta.ste.  These  should  be  taken  in  a  half-glais  or 
glass  of  water,  milk,  tea,  or  carbonated  water. 

The  Most  Important  Flavors. — The  following  will  be  found  to  be  gener- 
ally sufficient: 

To  disg  uise  bitter  taste:  Aromatics  (Tt.  Cardantom!  Co, ;  Elixir  Aromatic; 
Syr.  Aurantii);  for  children,   (Jlycyrrhiza,    .\q.  Anisi,   S>t.   Tolutanus. 

To  disguise  acrid  taste:  Aromaticx  as  above;  also  syrups,  acacia, 
add  flavors  (Syr,  Aunmt.), 

To  disguise  sally  or  alkaline  taste:  Dilution  with  simple  or  carbonated 
or  aromatic  water  or  milk. 

To  disxuise  oily  taste:  .\roinatic5  (Oil  or  Spirit  of  Peppermint,  lemon, 
orange,  wintergrccn  or  almond,  according  to  personal  preference). 

For  insipid  druj^s:    Aromatics  and  acids  (Syr.  Aurantii). 
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PREPARATIONS — SUGARS  AMD  HONEYS 

•Saakarmm  Baoch.),  VS.P.,'  Sauhatum   Purifiratum  (Sncch.  Pur.),  B.P.;  Suit4r 
(Cane  or  Ik«),  CuHnOn.— V«y  sol.  In  water  (1  :o.;),hli|;hUy  inalc.'d  :i7o}.     Uwd 
-lor  tweeteatiiK  powders,  for  the  adminisiration  ot  vulaiilc  oils  (ctctwacchara).  and  the 
EprcparatioD  <M  syrups,  elixirs,  etc. 

■  'SMtar  Suittittitr4.—  la  chbvs  whrcc  swcctcninx  Is  desired  aail  tuipir  is  excluded, 
uriv  in  cases  of  diabetes,  the  aitifidul  synthetic  product  iatcharin  may  be 
Sidtutcil.  It  is  nbout  joo  times  as  sweet  ai  sugar,  but  the  tn«lc  is  not  rx.'kclly  tha 
same.  Thedoietcira  cupot  coffee  or  tea  is  about  >j  toi  gr,  OVyrcfirtisanothcrsweeten- 
log  substinrr  vhich  dor*  not  contain  sugar,  and  is  sometimcx  cmployeil  in  place  of 
.■■nrhfirii  A  principle  u(  quite  a  difFcrent  kind  \it  the  glucosid  of  f^Iycyrrhaa.  Thli 
1  only  in  alkaline  liquids.  It  has  no  taste  if  the  licjuid  is  mnde  aad. 
Uany  otbcr  iiuhstnncc^  hnvc  a  swcrl  ta:ite.  Attempts  to  rnnnert  this  with  the 
clierate  stniclure  [Havi-rall.  18S1:  StcmberK.   i8<jS)  liavL-  not  lievn  very  «uecMslul. 

'Sacehanim  tM<lii  (Snrch.  I.act.),  U.S.P.,  B.P.;  Sufiai  cjf  Milk  (lactose);  Ci,Hi,Oii> 
'  BjO. —White,  hard,  crj'^tallinc  masses,  or  white  powdet,  feeling  Rriliy  on  the  toogoe; 
odoiilcss;  (ajntly  sweet  taste.     Freely  lul.  in  waiter  li  -t-o)'.  almost  inAol.  in  ale. 

CliuMDM  (r.lucos.),  US.P.,  B.P..  Glucose  (Syrupy).— The  product  obtained  by  the 
hydrolysb  of  starch,  conHi^tingt  chietly  of  dextrose  and  dextrine.     Colorless,  or  slightly 
,BOlotea,  thick,  syrupy  liouid.     Very  sol.  in  water,  sparingly  sol.  b  ale, 
Syr.Clucos.  H.P. — Glucose  1,  syrup  1. 
lid,  U.S.P.— Honey. 

M«f  Dtfiwalam  (Mel  Depurat.},  U.S.P..  H.P  —Clarified  Honey. 
Onmd,  B.P. — ^Honey  with  W  acetic  acid.     Doic,  j  to  8  c-c.  tj  to  :  dranw, 
JEM*  Cafliru  (Rosa  Gall.),  U.S.P.;  (Ra«.  Gnll.  Pet.).  B.P.— Rose  Petals. 
Cm/.  Rm.  GtU:  B.P.— If  per  cent,  of  (re<h  Kose  Petals, 

UtlRois.  U.S.P.;  Honey  of  Rose.— Fldxt..  1;  Honey,  j,     Doie,  4  c.c.  1  dram,  U.S.P. 
PUexl.  Rot..  VS.l\—Darr.  1  c.c,  30  minims,  U.S.P. 
Syr.  Rm*  {Syr.  Ro».>.  B.P.— Ddk.  j  to  4  c c,  H  to  i  drum,  B.P. 
Kkmadai  PtSaUi,  It.P     -Rrd  Poppy  Petoli. 
Syt.  ltM4Kid..  h.V.—Date.  »  to  4  c.c,  Ji  to  i  dram.  B.P. 


I'KKPARATIONS— FLAVORING   SYRUPS 

'Symfia  (Syr.),  U.S.P.,  B.P.;  SyrHp.-~.\  »trong  omieous  solution  of  sugar  containing 
\ZS  C^'  <^  «18>"  i"  '*"*  '^■^-  "'  f'yrup.  U.S.P.  ((16.7  (rm.  In  loo  Gm.  of  «yrup,  R.P.). 
*  clble  with  water  or  alcohol.     It  is  more  commonly  employed  in  the  form  of  the 
fiurored  syrup*.     Their  dote  is  ad  libitum. 

'Syrufius  Atidi  Ci'rUi  (Syr.  Acid.  Cit.),  U^.P.—A  >  per  cent.  Mlution  of  citric  acid, 
L^vond  with  sugar  and  lemon  peel. 

LimonU  CorUx  (Limon.  CorD.  U.S.P.,  B.P.— Lemon  peel  (fresh). 
Of-  ZiiMm.,  U.S.P.,  B.P. — \  volatile  oil  obtained  by  expression  from  the  lre*h,  ripe 
pMl  oj  Citnu  medica  var.  Limunum.     Das(,  0.1  r.c,  3  minims,  U.S.P.;  a.03  to  0,18 
C.C.,  H  lo  J  minim*.  B.P. 

Syr.  Unum,  h.P. — .Vbout  jo  per  cent,  of  lemon  juice,  flavored  with  Icmni)  peel. 
Jr.  Limim.  Corl..  U.S.P, — 50  per  cent. 

IV,  Liman..  B.P. — 15  per  cent.     Dost,  i  to  4  c.c.  ht  to  1  dram,  B.P. 
Atmilil  AmtiriCi>rttz(A\ii.  Amar.  Cort.),  V.S.P.;  Auranl.  C^irl.  Sice,  B,P.;  Bitter 
'Onace  Peel. — The  dried  rind  of  the  fruit  of  Citrus  Aurantlum  nmara.     Drue,  i  Gn., 
;i5Br..  l'.S.P. 

Auraia.  Cert,  Ru,,  B.P.— The  fresh  peel. 
Fldfii.  Aur.  Anar.,  U.S.P.— Oair,  i  c-t;  <j  minims,  U.S.P. 
tnf.  Atirinl..  B-P.— S  P«r  cent.     Dose,  15  to  jo  c.c,  >i  to  i  ounie,  B.P. 
Inf.  A  atanl.  C«.,  B.P. — a$  per  cent.,  wiUi  leraon  and  cbvu.     Doie,  15  to  jo  CjC; 
J^  to  t  ounce,  B.P. 

«.  Aut..  VS.\'.~Doie.  ai  c.c,  3  minims.  U.S.P. 

St**-  Aur.  C*..  U.S.P. — io  per  cent,  ot  orange  oil,  with  oils  ot  lemon,  coriander  and 
Lsate- 

■  **  U.S.I*. "  vtanils  for  imtpAraliiiiiH  ofhcial  in  thr  Uniipd  SlHt«t  PhjtrmBntpviii;  "B.P.."  British 
■'TiMnBcopcu;   "N.N.K.."   ?>«c    and    .Von-ulflcitl    Rtnitdin;   "N.I'.,"  Nsiionsl    foimularri 

"B-P.C..     BritiA  Phfcfni»™utk  Cud". 

■  TtWL  foBovinf  ntibrfviEttionii  will  ht  lAJcd  in  coDoocttoa  with  solobiltlicA.  AJc.  -•  ulvohol; 
■ly*.  —  BlTwtn:  et*.  "  ether;  clilorl.  ■  thlomfoinii.  Th«  fiafirt  (o(«  to  ihn  pitiU  uItsdC 
iMjiitorf  to  iTiniilrt  I  part  of  drua  (f.f .  1  :o.S  -  1  pui  of  drug  diuotves  la  o.i  paruof  solvmt). 
Tt*  (olBbilitie*  n[(r  lo  J5*C  (luum  Icmpcnttuit).  uoIeH  uihctwiic  itatcd. 
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'Syrup.  Aurantii  (S>t.  Aur.),  U.S.P.;  (Syt.  AuruiU),  B-P.;  Syrup  o*  Onui«. — 
Flavorrd  wiUi  oraiiKi'  pwl.  The  U.S.P.  Ganttiia.i  Vj  per  cent,  of  riirir  acid.  lUit, 
I  to  4  c.c,  >^  to  1  dram.  I). P. 

Tr.  Aur.  Antar.,  U.S.P.,  lo  pet  tenl.  Tr.  AaranI,  B.P.,  as  pw  cent— Z1m«,  4  ex., 
1  dram.  U.S.P.;  1  to  4  c.c,  H  ^  >  drain,  B.P. 

Ci«.  A<ir.t«l.,  B.P. 

Murnn/ii  Dutch  Cortex  (Aur.  Dulc.  CorL),  U.S.P. — t'rvm  C'iUu*  .^uranlium  Hnmas. 

j4uniKt.  Cort.  Ind..  B.P. 

.4a,  .ilw.  Flor.,  U.S.P.;  4fl,  4uranf.  /'inr.,  B.P.;  Ontnae  Flower  Wat*r,— A  sw  pw 
cert.  U.S.P.  (j3  pet  cent.  B.P.)  dilution  of  llie  Slfonnct  Watn. 

Aq.  Aur.  Flor.  Fort..  U.S.P. — The  sttuntcd  .\(iiifi)ui  distillate  prepared  by  ditlillliiK 
the  frcih  flowcn  of  (jiru;  Aunntium  smara  willi  water. 

Syr.  Aur.  Flor.,  t^S.P.;  Syr.  Aur'iM.  Flor.,  B.P.;  Syrup  of  Oriinee  Flowers. — Dmt, 
1  to  4  c.c,  i^  to  J  drnin. 

'Elixir  Arematicum  (Eli«.  Arom.),  U.S.P.  {Simple  Rlinir*. — Syrup  can laininx  about 
IS  pet  cent,  of  alcohol  and  Bai-ored  with  armnotita  (Comp.  Spir.  OrangeJ. 

FtdtH.  Aram.,  U.S.P.— From  Pulv.  Atom.     Doif,  1  c.c,  15  miniuis.  U.S.P- 

Ptdt.  Arom..  U.S.P. — Cinnamon,  (jinurt,  Caidnroon  nnd  Myti&tlca.  lhii%  t 
Urn.,  isitr.,  U.S.P. 

Syr.  Aromal.,  R.P.  -Flavotcd  with  orange  and  cinnamon.  Doit,  >  to  4  ex.,  )4  to  t 
dtani,  B  P. 

Ciycyrrhita  (lHycytrh.},  U.S.P.;  iCIycyrrli.  Rod.),  B.P.— Thi;  drini  ihijiomc  and  roots 
of  Glycyrrhiut  glabra  typica,  Spanish  l.icoticei  ot  of  Glycytrhua  glabra  glonduUfera, 
Rusmn  Licorice.    Datt.  1  Gm.,  30  gr.,  U.S.P.  I 

•£lir.  Glyeyrrh..  U.S.P.  (Elix.  Adiuvans).— tides t.  1;  Elix.  Arom.  7-  ' 

£xl.  Ghryrrk.,  U.S.P. — Commercial  l^xtrnct  ot  GlyeyrrhiiB  (licoricct. 

£«.  Giycyrrli.  Pur.,  U.S.P.;  ExI.  Glyf.yrrk.,  B.P.— .An  evaporated  waleiy,  pUular 
extract. 

'I'luidexiraeium  Glyeyrrkita  (FIdext.  Glycytth),  U.S.P,;  Ext.  Glyeyrrh.  /-to.,  B.P.— 
A  watety  cxttact  of  Clycyrrliiui  (licorice  riiot],  preserved  with  aj  per  cent.  <A  alcobol. 
The  m>.P.  contains  some  ammonia  to  disiutvr  the  swei;t  glucu«id.  Olycyrrkitin.  This 
u  pred[utated  liy  acids,  which  ate  therefore  I  ncompallMe.  It  i>  miKible  w[lh  water  ar 
alcohol.  Mixed  in  ihr  pr»purlion  of  1 :7  with  »ytup  01  elixir.  It  is  a  Kood  vetiide  for 
quinin  etc     Doit,  1  i-.c  50  minlm«,  U.S.P.;  1  to  4  c.c,  H  to  t  dram,  B.P. 

Gtycyrrhliin  beluiiKs  H>  The  Kiputiiu-i,  allliouxh  it  due*  not  have  tlie  lyvical  formula 
and  does  not  hcmolyze  (Kobcrl.  1915;  he  al*o  dcscrihra  a  new  chernk  tnt).  The  bark 
likewise  con  taint  m.iiis.     Compoiition :  IlouEcman,  191O. 

'Syr.  (*Vytyr.— Fldexl.  i;  Syrup  ;. 

dytyrrkiiinum  .•intiHoninliiM  {dlycyrth.  Ammon.),  U.S.P. — Dark  brown  or  brotrn- 
ith-rcd  ncalcs.  without  odor,  and  having  a  very  tweet  taxtc.  Fteely  sol.  in  watct  and 
sol.  in'alc.     ifcw,  0.15  Cm.,  U.S.P. 

*Syr.  Tolulatiut  (S)t.  Tolut.),  U.S.P.;  (Syr.  Tolu.),  B.P.— Prepared  from  Tola 
Balsnm.     Dntf,  15  e.c,  4  dram.  U.S.P.:  1  to  4  C.C,  J^  to  1  dram,  B.P. 

V'cnffl.'nHni,  U.S.P.;Vanillin.MethylptolocBlechmcaldchyde(C.H.OH-OCH,COH 

f  13: 1)-— Fine,  white,  ctystalline  nectllo;  odor  nnd  to»tc  of  vanillk.    SoL  in  tntec 
i:too);  freely  tol.  in  ale,  glyc- ot  clh.     Dase,  o.oj  (im,,  J-j  gt.,  U.S.P. 

AKOiiATic  Waters,  spirits  and  oils 

Aromalic  Waters. — These  are  miscibic  with  water  or  alcohol.  Their 
dose  is  ad  libitum. 

Aromalic  Spirits. — These  arc  used  in  nlcoholic  and  oily  Itqtuds,  in  the 
proportion  of  2  per  cent.    They  are  immiscible  with  water. 

.-Iromalic  Oi/s.— These  may  l)c  used  for  fljivoriiig  alcoholic  or  Oily 
liquids,  in  the  proportion  of  o.a  per  cent.  However,  the  spirits  arc  gen- 
erally preferred, 

Aromalic  Tinctures. — ^These  are  used  similarly  to  the  Spirit*.  None 
of  the  simple  tinctures  are  especially  important. 

Some  flavors,  such  as  Gaultheria,  etc.,  have  also  more  important  ao 
tions,  and  will  not  be  discussed  here. 

Aq.  Anit.,  U.S,P.,  B.P.— Anise  Water.    Dru,  ij  c.c,  4  dtami.  U.S.P. 
Sp.  Ants,.  U.S.P..  B.P.— lo  pet  cent,    Our,  i  c.c,  3«  minims,  U^.P.;  o-j  u  i.a 
c-c.  s  to  10  minimi.  B.P. 
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~Anit.,  t'.S.P.,  B.P.— The  x-alatilu  gil.    t>iut.  o.j  tc,  i  miaiins,  U.S.P.;  Ouoj 
to  0.18  c.c^  Ji  •■>  3  oiimm*.  B.P. 

.iHitwffi  (Anib),  U-S.I'.;  Atiis.  Fmci.,  B.P.— Tlie  dried  ripo  (ruit  of  Pimpmetla 
Anisum.     Doit,  a.<,  Om..  8  gr.,  U.S. P. 

PrHiadHiH,  U.S.P.  (Fcand  »eedj. — The  dried,  ripe  fruits  of  cultlvitCcd  varictic*  of 
Foenkiilum  vulgarc.     Dase,  1  Gm.,  tj  nr.,  U.S-P- 

Aj.  Fanic..  C.S.P.,  B.P,— Fennel  Wittr,     Doif.  tj  c.fc,  4  duins.  L'^S^P, 

<M.  Fnk.,  I'-S.P,— The  vDtndlc  oJL    iJoic,  o.j  e.c,  i  minimii,  U.S.P. 

Aa.  AMh..  B.P.— Dill  Water. 

0(.  Amrih.,  B.P.— Volatile  oil,     Dajr,  ^oi  to  0.18  e.c,  f^  lo  3  minim*,  B.P. 

Antthi frutlui,  B.P.^Dil!  Fruit.     From  Peuccdnnum  gravcolent. 

Af.  Carm,  B.P.— <r«fawfty  Water. 

01.  Can,  U.S.P.;  CM.  Catiii.  B.P.— Volstiltj  nil.  Dote.  0,1  c.e.,  3  miaiiM,  U.S.P.; 
0.OJ  to  a.iS  C.C.,  Vit  to  i  fflinimi^,  B.P. 

C«rum.  U.S,P.;  Cirui  Fntct.,  B.P.— The  dried  (nilta  of  Carum  Carvl,  Dot4. 
I  Gm,,  ijgr..  U.S.P. 

01.  /Ionian,  B.P. — Volntilc  oil  of  fruit  of  Catum  copticum.  Dote,  o.Oj  to  0.18  ex., 
H  to  .1  mioIfB4,  B.P. 

CiBHiiiHomnM  Zfyldfiiimm,  U.S.P.;  Cfnnam.  Cnrl.,  B.P.;  Ceylon  Cinnamon. — The 
dried  hoik  of  cultivated  Itcc*  of  Cinnamomum  leylnnicum.  Dotn,  c.xi  Gm..  4  sr,, 
U.S.P. 

*.1fiui  Ci'nHitnH>mi  (Aq,  Ctnnamom.),  U.S.P.,  B.P. — Cinnamon  Water.  Das-e, 
IS  e.c,  4  drams,  U.S.P. 

(H  Cotiio,  U,S.P.,  0^  Clnmim.,  B.P.— .\  yellowish  or  brown  viilniilc  oil  diitilLnl 
from  the  bark  of  Cinnamomum  Cassia.  U.S.P.:  irylanlcum,  B.P.  Dasr,  o.t  e.c,  j 
Biiniin*,  V.S.P.:  0.0J  to  o.iS  e.c,  *i  to  3  minimi,  B.I'. 

Pvh.  CliiKam,  Co.,  B.P.  (Pulvis  .'Vromitlicus), — F.ijiml  parte nt  Clnnanion,  Cardamun 
mad  tHaicet-     Dose,  0.6  10  4  Gm,,  10  to  60  gt.,  B.P. 

Sp.  CiHtam.,  U.S.P.,  B.P. — 10  per  cenL  of  oiL  Dott,  1  cc,  yt  minims,  U.S.P.; 
0.3  to  I.J  cc.,  5  to  io  mimms,  B.P. 

Tr,  Ciiuiiim„U.S.  P„B.P. — loperocnl.of  ihebark.  ZI<we,»C.C.,3ominim», U.S.P.; 
t  to .(  cc,  })  to  t  dram,  B.P. 

Cmnamtmum  Saiionkum,  U.S.P, — ^The  bark  of  an  undetermined  spcclen  of  Ciana- 
monuun.    Dott,  0.15  Gm.,  4  ^.,  \)S.V. 

Olhtri  Ctrl..  B.P.— The  bark  of  Cicnam.  OHveri. 

Tr.  OtitfT.  Cort.,  B.P.— 10  per  c*nt,     D«!.f,  i  to  4  cc,  )i  to  i  dram,  B.P. 

•^ftw  Menlka  PipetiUt  (Aq.  MeiiUi.  lip.).  U.S.P.,  B. P.— Peppermint  Water. 
Dotf,  IS  (!.c,  4  drams,  U.S.P. 

A^i  iltfillM  Viridis  {Aq.  Mcnth.  Mr.),  U.S.P.,  B.P.— Spearmint  Wstet,  Dote, 
ij  cc.  4  dranu.  U.S.P. 

Saitafrai,  C.S.P. — The  bftrk  of  the  root  of  Somnfras  voriifolium.  Doie,  10  Gm., 
tH  drajB*.  V.S.P. 

OUmm  Sattofrw  (01.  Soawf.),  VSJP.—\  yellow  or  reddish  yellow  volatile  oil 
dtsdlled  from  Swttafru  root.    Doit,  o.i  cc,  ^  minims,  U.S.P. 

'Ailti*  Rotit  (Aq.  Roa,),  U.S.P,,  B.P.;  Rom  Water.— A  50  percent,  dllullon  C33 
per  cent.,  B.P.)  of  StrooBer  Rose  Water. 

A^tta  Rosa  FeriiM,  U.S.P. — Prcpued  by  distilling  the  fresh  flower*  of  Rou  ccn- 
tlfolia  wiih  water. 

CU.  Kfs..  B.P.  (Oltool  Rom).— The  vulalllc uil  of  the  fret^h  Sowenof  Row damaiiceiia. 

Of.  Grtmimt  Cilrali,  B.P.— Oil  of  Lemon  Grass.  i)ujr,-o.03  10  o.tS  cc,  H  ^  $ 
Binims.  B.P. 

01.  ipriandri  (Ol.  CorlaniJ.),  U.S.P.,  B.P. — VoUlilc  oil.     Doit,  fc»  CC,  3  loEnimi. 
|U.S.P.;  0,01  to  O.tS  ce.,  U  lo  3  minim*.  B.P. 

C«riaadrum,  U.S.P.;  Coriand.  Frucl.,  B.P.;  Coriander. — The  dried   ripe  fruit   of 

'atMlrum  ntivuni.    £><•)•■,  o.s  Gm.,  :^  gt.,  U.S.P. 

'Tiiuturii  Cardamirnii  Cirmpoiitii  (Tr.  CanJum.  Co.),  U.S.P.,  B.P. —  i  per  cent,  od 
fdomom,  with  C'innainon,  (  araway  and  Cochineal,  in  50  per  cent,  alcohol.  U.S.P. 
Omt.  4  cc,  I  dram,  U.S,P.:  a  1»  4  cct  Vt  lo  1  dram.  B.P. 

Tr,  Card.,  U.S,P. — is  per  cent,  in  so  per  cent,  alcohol.  Dote,  3  cc.  30  minimi, 
U.S.P. 

Cari«memi  Semen,  VS.V.,  B.P.;  Cardamom  Seed.— The  dried  weds  of  F.lctlaca 
Oudamamunt.    Dote,  i  tim..  is  gi..  U.S.P, 

Tr.  /rfiMMj.  Co.,  U.S.P.,  B.P.  (Compound  Spirit  of  LftTendcr).— lavender,  Ro»fr 
mar}-,  Ciananon,  Clove.  Jly(IatiC4,  Red  Sauudcn,  in  75  per  cent.  .VIcoliol,  U.S.P. 
Ane,  J  C.C.,  30  miiums,  U.S.P.;  j  to  4  cc,  H  to  i  dnm,  B.P. 
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Splf.  Inroad.,  J  per  c«aL  of  <&,  U.S.P.;  lo  per  rent.,  B.P,    Zltor,  »  c.c,  j  i 
U.S.)'.;  O.J  to  I.)  C.C..  s  to  M  v&oim*,  M.V. 

01.  Ltvand.,  U.S.P.,  B.P.— A  voblik  oil  <li»(ilUd  from  the  tittlh  Howtrinf  tope  i 
Lftvandulk  vera.    IJuit,  0.9  c.c.,  j  minims,  U.S.P.;o.i<>3  loo.iac.c,  tj  tojoiiniint,  B.P. 

EsioDicrvos  (verba  santa) 

The  l«av«ft  el  tUa  Cluit  diwulM  bitter  la»tc  (nut  sweet,  sail  at  Aod  tutc).  It  it, 
however,  ibecBpeutlcanv  objecliouitblc.  It  probitbl)-  rcnd^n  alLilutds  liucJublt,  anil 
M  for  otdinoxym tiers,  it  a  extremely  probable  that  the  thcrRpcutJc  action  ix  CMinected 
with  the  bitter  taste.  One  c.c.  u(  the  OuiilcKlract  covcre  toe  taste  ot  OMti  Gia.  of 
qiiinin  (Lulphute  at  t.$  Gm.  of  oumui. 

Similur  propcilits  are  found  In  the  following  pUnti:  Ormncma  »ylve«tre;  Bulme- 
nia  dutcifiOL.  and  Phrynium  Duniflli.  Uymnrma  conlaina  gymnemlc  acid,  whldi 
destroy*  bitter  and  (irect  tiutc,  not  acid  ot  ult. 


ntt'LPAkATIONS 

Eriodktyon.  U.S.P.  (Verb*  Santa).— The  dried  leaves  of  EriodicCyon  catiforaic 
(Compodtion,  Tutin.  igioj.    Don,  i  Gm.,  15  gt.,  U.S.P. 

Flint.  Erladid.,  U.S.P.     Dose,  t  ex.,  13  miniiu,  U.S.P.;  prcdpiUUd  by  waUr, 


THE  TREATMENT  OF  DISEASE 

Development  of  llientpeutics.^tl  vtc  caii  a  glance  at  tlic  hiitory  of  therapeuti 
the  treatment  ol  di«caM'.  we  ore  met  with  Mime  very  linK'iUr  (nets.  Nunc  of  thcM  1 
Mtve  Td  explain  errom  which  hat'c  lonK  adhered  and  which  ttill  adhere  to  the  uibiect. 

We  may  imagine  one  of  our  rcmulcit  ancestors  brought  face  to  {ac«  with  diicajt. 
How  my»lrrious  mtut  have  tcemrd  to  him  ihe  phenomenon  thni  to-day  he  is  ttroni, 
active,  4nd  full  of  life,  and  to-morrow,  without  any  cause  apparent  to  him,  he  is  irnlt, 
littlctt,  and  about  to  diet  What  strong  hold  il  muht  have  taken  upon  his  untuloted 
Ima^nationl  How  earnestly  he  mu»t  have  ttouKhl  for  means  to  remedy  itt  Here  h» 
happened  at  once  upon  two  apparently  very  dilfcrcnt  methods:  a  spiritual  and  a 
materia).  <>n  the  one  hand.  ovcrponcrM  by  the  my»teriousn«M  of  thcproce«a,  he  leal 
hiniwK  In  iuprr^titlon.  He  deemed  lb<  dueuc  due  to  malevolent  spirits  wUcb  coold 
be  appeased  by  prayers  and  incantation*.  TUa  formed  the  principal  nutteria  medka  oI 
prdiistoric  ues,  u  it  doc«  of  the  modern  Mvsn.  It  Mill  «univc(  in  a  modified  tons 
bi''ChriatUn  Science." 

On  the  other  hand,  chance  and  tin?  obscr\-alion  of  animals  revealed  to  him  that  certain 
material  producli  were  alto  cCTicicni.  As  long  at  he  limited  himKlf  to  actual  obMTva- 
tion,  the  Ttaults  were  usually  goud.  However,  he  simn  began  10  search  for  more  of  iIkm 
ramedial  agents.  la  this  search  we  must  remember  the  total  ignorance  which  then 
emied  rcsarding  the  nature  of  the  action — both  of  the  diixasc  and  remedy.  In  this 
daricncttlie  was  only  too  glad  to  be  guided  byany  ray  of  light,  without  having  t  lie  meani 
to  examine  whether  the  u^ht  came  from  a  beacon  or  was  only  an  ignis  fatuui.  With 
the  fantastic,  half  logical  incongruity  na  characteristic  ol  the  untutored  mind  he  a»> 
aumed  the  most  erlraordinaiy  relations. 

It  islntcreslinK  to  observe  a  little  elo»rr  tlie  jirineiples  which  glided  Ibe  blind  savage 
in  his  search  for  teraedies.  Having  found  thut  ninsi  active  medidnes  had  a  bitter  or 
^sagncable  lxf.lr,  lie  came  to  regard  any  such  tubttance  as  bcocfidal.  Thut  aroM  a 
host  of  timtites  which  are  now  flowed  away  Id  molder  in  the  attic  of  (dence,  and  which 
might  well  be  disregarded  were  it  not  that  some  icalot  occasionaJly  disturbs  their  welt- 
earned  rcpoae  and  attempt*  to  launch  ihcm  an  something  new. 

Not  did  this  love  of  the  dLtgusiing  die  out  with  the  sione  age.  It  was  prolotiged 
far  into  Ihe  middle  age*.  To  it  n'e  can  probably  trace  the  employment  ol  feces  and 
urine,  of  Hnoked  *nake,  and  of  oihers  «iill  wonc. 

Al  a  later  period  i>(  Ihe  middle  ages  it  was  tried  to  comlnne  the  npirilual  and  the 
inatcrLal  treatment.  It  was  thougjht  that  the  Deity  alone  could  cure  disease,  bul  that 
He  had  given  man  material  remedies,  and  in  His  vnidtini  He  had  put  a  Kal  upon  tbcm 
tnr  which  man  might  luiow  them.  Thus  arose  in  due  lime  what  u  called  the  doctfbu 
ol  "siRnaluro."  According  to  this,  the  use  of  a  remedy  was  sugnstcd  by  a  fandfuj 
resemblance  in  shape  or  color  to  some  organ;  &(.,  the  liverwort,  thcTunKWort,  bloodrool. 
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Th«M  an  siirvimls  of  lUs  cuatom.    Even  a  tutcne  wu  auffidrat.    Silitx  wm  nsed 
cy  because  it  u-as  iledicaicd  to  Luiia.> 

UM  other  buiil,  olchcmbts  h*d  nriMn  with  tlwir  pertiiucious  wuch  Utt  the 

phu'a  stgiw,  which  was  to  convctt  all  niclol*  into  soUl,  ami  cure  all  discaKc*. 

■arch  they  gave  their  nottm  ertensis-c  trial  go  lick  and  welL 

Ttx  school  ol  ipai^tbts  ms  (mmded  toward  ihe  end  of  th«  tourteentb  oentury  and 

_^_.i  ju  tenfUl  of  power  with  Pir^odtut.     They  insisted  upi>n  the  my^tica!  virtue* 

xMix,  oneiuc  and  ulver  and  chcinicsls  in  Kenor&l,  and  ttood  oppoicd  lu  the 

Galcaisu.    who  ased  only  organic  dru^    NotwiihtUnding  thear  myitictim. 

uvon  of  quACkery,  ««  mutt  thanfc  them  fivr  the  ducovcry  of  name  of  our  mott 

lie  mcdkinci. 

lUi,  a  RUM  of  RiAtctiala,  rvbUih  and  otherwiitc,  was  add«l  to  the  various  liinplM, 
etc  Having  M  wdl-Mocked  aa  armory,  the  phjiidan  of  that  day  felt  that  be  mt  not 
dobf  Ui  duty  nnlCM  he  gave  his  patient  the  benefit  of  it  nil,  and  ihc  "shot-sun" 
pTMcriptioa  floariibed  at  Its  bc!>t. 

tkt  BoowoiMdliC  DodrtM. — A  natural  reaction  agoinit  this  eicenive  drugging  set 
id  hod  for  one  ol  it*  tint  tCMlls  the  cMabUthmcnl  of  homeopathy  by  Hahnemann, 
the  tnd  of  the  cIchlRnlh  century.     The  Hahnemann  lyitem  wai  by  no  mcani  new. 
tk  most  (Mtl  It  had  its  rooU  much  further  back.    It  was  Ihe  dbIutsI  reiulc  of  the 
thaa  coiling  theory  of  "^'itilitm." 

Hibnesatia  b«Uev«d  that  dbeaw  depends  upon  a  pervrnlon  of  the  purfly  tipirllual 
■All powtn  and  b  entirely  imntateiial  in  its  nature.  Lot-'i'^Hy.  ii  thini;  ipiritual  could 
MMCombAted  by  material  remedies,  and,  hence.  lUlmcinann  turned  to  a  s|Nnlual 
fonr  which  h«  bdievcd  to  be  bmind  up  in  plants  and  hbcratcd  by  dilution.  The 
KcMlv  would  therefore  increuc  wilb  the  dilolion.  and  be  the  Kreatet,  the  smaller  the 
dne(Mciiin«  of  potency).  Thisliberation  of  the  principlcsenaclly  turned  their  action 
ntw,  10  that  the  action  ot  Us  dilutions  was,  he  slaltd,  exactly  the  oppotilc  of  that 
■  AtttBctatrated  dru>.  andcouldbetisedloc  the  relief  of  iuchiympton»  as  the  latter 
fndlMd:  Similia  timiP^at  tiramli».  This  was  the  fim  tenet  of  llabncmoiin.  The 
MoalvM  that  the  nature  of  ihcditaiubtjnic  unieliable.  it  vas  not  subject  to  ireat- 
<•■>.  bit  that  only  its  aymptoau  can  be  treated.  Hrnce.  homeopath/,  in  so  tar  as 
ll  Mmb  Ihe  prinople:!  of  its  founder,  has  no  place  for  (he  medicid  sciences,  such  as 
m^dcfy,  anatomy,  patbolofly,  or  chcinlUry.  Any  one  with  an  indexed  book  of 
Vi^M  and  their  remediei  would  be  able  to  practice  it  wiihoui  an  elaborate  study 
d^Mptration. 

In  Mtfced  contrast  to  the  above  is  the  third  dictuin:  that  the  mdfdnal  tn^tmcnt 
■M  bt  supported  by  dietetic  and  bygie^  measures. 

TV  dums  of  bonKopathj  as  a  ratiooiil  system  binse  on  the  proof  of  the  simHia 
>MH«i  thtory  nnd  of  ine  doctrine  of  potentiation  by  dllulion.  Most  of  its  advocates 
*<*>loduiy  altoKelher  the  relevance  of  scientific  testimony,  and  to  base  themselves 
^■IfM  Oe  ilipDcry  ground  oi  empirical  experience.  Othcn.  however,  whilst  th^ 
p*Mj  itqdcici  tAc  groat  body  oE  scientific  cipcrivncv  which  ditprovea  ihclt  theory, 
■<■»■?  glad  to  avail  themselves  of  the  (ew  c:iperim«ital  facts,  which,  through  a 
^MjrrilcigicalconUirtioasaiMl  sophistications,  can  be  twisted  into  a  specious  support. 
Bmsoimui  himseU  seems  to  have  started  from  the  observation  that  large  dam  of 
""■Pfeduce  the  oppoeale  effects  from  moderate  dcscs-  The  correctness  of  this  principle 
■vWirantal,  for  most  cases.  Rut  it  b  a  v«r>'  unwarranted  feat  of  logic  to  aisutne 
t^iUaUsimal  doses  must  a^n  cauic  eflrcis  op[<o^i<c  lo  iho^e  of  moderate  doMsI 
,  _ iV  man  recent  discovery  of  the  effect  of  dilution  on  electrolytic  dissociation,  on 
'[■■*'«*.  has  alio  been  ariml  upon  at  Olu»traiinti  homeonathy — quite  dltrcRatdinB 
™.M  (hat  the  action  depvods  on  the  nunbte  of  ions  rather  tlian  on  the  degree  w 
'''■Uiai-  bm]  the  further  foci,  that  the  majority  of  the  substances  employed  b 
■J'llliUiy  are  not  clcorolyies  at  all!  These  few  examples  of  inconsistencict  coay 
•afiic. 

Hihcemftnn's  syKtvni  was  the  natural  outgrowth  of  his  time.  At 
P^wwi  il  is  an  anacfarooism,  as  his  pupils  arc  the  first  to  acknowledge  in 
IKWtioc,  if  not  in  words.  But  in  his  time  Hahnemann  accomplislied  con- 
•fWdbfc  for  medical  sdencc.  He  called  attention  to  Ihc  importance  of 
^.  ek.,  when  this  was  only  too  much  neglected;  but  perhaps  the  prin- 
of*!  ute  o(  homeopathy  has  been  to  show  to  rational  mcdidnc  the  facC 
thatdiiose  tends  to  recovery  without  any  medical  interference. 

^' b  Mrfd  «pf  sr  Lhkt  the  native  CIumm  mstMis  tncdka  la  luvoly  bue4  on  (he  dMtrlao  ef 
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Therapeutic  Nihilism. — lliis  was,  indeed,  Uie  next  step  which  medicine 
tool; — total  cmancipaiioii  (rom  a.11  drugs.  This  dales  from  ihc  estabbsh- 
mcnt  of  ihe  Vienna  school  by  van  Swieten,  in  1745.  The  strongest  advo- 
cate of  nihilism  was  Slcoda  (1805-1881).  ihe  founder  of  the  methods  of 
percussion  and  auscultation.  Such  nihilism  was  absolutely  necessary  at 
that  time,  just  as  periods  of  skepticism  are  necessary  in  philosophy,  and 
mark  steps  in  progress.  The  accumulated  refuse  was  so  great  as  to  bury 
the  good.  The  only  way  was  to  empty  out  th«  whole  and  be^n  anew. 
This  was  a  necessity  then,  but  now  consistent  nihilism  is  as  obsolete  as 
the  "Shot-gun"  prescription.  He  who  proclaims  it,  simply  proclaims  his 
own  ignorance  and  want  of  critical  faculty. 

The  Rise  of  Rational  Therapeutics.— The  rcdstablishmcnt  of  thera- 
peutics, founded  now  upon  reason,  was  thus  aided  by  the  very  man  who 
had  attempted  to  destroy  it.  For  he  established  physical  methods  of 
diagnosis,  and  demonstrated  Uie  effects  of  disease  as  ihcy  had  never  been 
demonstrated  before,  making  it  possible  also  to  demonstrate  the  effect 
of  remedies. 

Then  followed  the  isolation  of  active  principles  (led  b^-  the  discovery 
of  mori>hin  in  1R17},  thus  substituting  the  definite  for  the  mdefinilc  drugs. 
Finally  followed  animal  experimentation,  by  means  of  which  modem 
pharmacology  has  developed. 

Services  of  Phannacology. — This  has  made  posdble  a  much  more 
exact  knowledge  of  the  action  of  drugs,  without  which  their  employment 
would  be  a  matter  of  mere  chance.  It  also  made  available  much 
accurate  methods  of  observation,  and  furnished  standards  by  which  thera- 
peutic trials  niu3t  be  conducted.  It  led  to  tlic  introduction  of  the  great 
number  of  synthetic  dru^,  some  of  great  usefulness,  because  it  pointed 
out  the  directions  in  which  new  drugs  could  be  sought  with  most  success. 
It  furnished  the  means  of  trying  their  actions  and  probable  usefulness  on 
animals,  when  their  use  on  man  would  not  be  justified  without  these 
preliminary  trials.  It  has  also  contributed  to  the  development  of  experi- 
mental pathology,  and  has  thus  laid  the  foundation  of  experimrnlal  thrra- 
peutici — the  experimental  investigation  of  the  action  of  drugs  in  disease. 

Psjrchotlierap;.— Rational    thctnpeulics    U    now  on   s   firm   basis.     But,   at   the 
uunc  time  Ihc  m^'stic  has  also  twrn  further  developed,  not  only  in  homeopathy,  but  also  , 
in  the  TDnay  Umai  of  su^-igestion.    The  valut  u(  suggf^tivc  ihcrApeiitic»  propcf  c«nnoC;j 
be  denied.     It  is  a  strictly  scirnlific  method  of  treatment,  and  is  employed  in  it*  milder] 
forms  by  every  physician  &s"1bc  personal  influence"  and  the  "faith  in  doctor  and  tnc 
cinr."     It  often  constitutes  all  there  is  itf  merit  in  those  medical  fads  which  hat 
acoompanied  medical  science  since  the  oldMt  time. 

Vis  Medicatrix  Nature.— It  is  most  important  to  the  rational  treat- 
ment of  disease  that  the  physician  should  understand  that  he  cannot 
directly  make  a  patient  well.  That  isexclusively  nature's  task.  Physi- 
ologic functions  tend  to  run  their  normal  course,  or  to  return  to  it 
if  they  have  been  disturbed.  "Nature,"  therefore,  tends  very  strongly  to 
bring  the  organism  ttack  to  it»  normal  conditions,  or  life  woidd  long  since 
have  disappeared  from  the  globe.  The  task  of  the  physician  consists  in 
directing  his  treatment  in  such  a  manner  as  to  remove  obstacles  from 
nature's  path. 

jtist  as  the  surgeon  can  not  cbum  tlie  union  of  a  brrtkcn  tMne.  but  otn  oidjr  put  it  Iki 
the  most  favorable  condition  for  nature  to  perform  lhl»  union — i.t.,  set  it — so  thephjr^l 
»iclan  cannot  cure  henit  ditcnAC.  He  may  dthcr  remove  the  condition  which  csUM«  ' 
It,  il  still  prrwnl,  or  rrmov«  by  digitalis,  etc.,  the  factors  which  retard  ibc  cun;  but  in 


THE  TSEATIi 


My  cue  be  RiHM  nly  upon  luiiurc  to  pcrfortn  iKe  1m(,  tbc  really  iEnporunt  ad:  vli,, 
1^  pernuncnt  Rturn  lo  onrinal. 

Thai  nature  not  onljr  i>ut>  the  final  tnuch  u;ion  every  repaiativc  prOMM,  bul  that 
ihe  may  take  every  am  as  «ril~i.<-.,  thm  n  palicnl  may  get  well  iritboui  any  medical 
laUTfercBcc— b  too  well  known  to  r«iui[e  (unher  discunioit.  The  w»)™  in  whicli  ihtae 
pKKxva  dI  repair  take  place  CMWIitule  one  of  tlic  department*  of  pathology  and 
■rdicmc. 

Tba  Fkid  of  Tbsrapetttica.— In  the  liKht  of  the  above,  it  might  well  he  aiked:  U 

Mtorr  U  thus  able  to  vflcci  cures;  if  the  greater  number  of  discaie*  tend  in  ipontnneotia 

iKovery,  what  is  the  function  oj  the  phj-ticJan?    Cfui  he  do  itaylhini:  but  harm  if  he 

ttteiBpts  to  mrddle  w(th  Uic  proccsso  o(  nalutcP     If  he  undcriakn  to  aid,  does   bo 

not  ttuDy  meddle?     We  mu»l,  ia  examining  thi*  question,  lay  the  emphasis  in  the 

above  (caicnce  on  "nature fmJr  to  effect  a  tpontaneouseure."    But  nature  h  etscntlally 

Ulnd  in  ber  workiqe-     She  work*  by  generu)  lawv,  which  often  do  Dot  Ukc  accounl  of 

ladiiidaal  cases.  Tnough  we  muit  recogniic  thai  hei  procei&rs  arc  generally  in  the 

ri^hl  ilirrctioD.  they  may  be  greatly  at  faiill  quant  iiatively.    Nature  may  ilu  luu  much 

NT  Me  little.     It  is  now  conceded  that  frvtr.  pain,  inflammation,  etc.,  are  proIectiv« 

mvctanimu;  but  when  tbc  fever  becomes  so  high  ns  to  be  in  Ittclf  dangerous  lo  life;  wbcn 

tlbar  pain  la  inloleruUe  and  coostant,  and  pertiiia  alter  It  ia  no  longer  needed;  when 

liifliiiMialiiHi  iDtesd*;  tbcn  It  is  evident  tliat  the  originally  Mlutary  proce»  ia  becoming 

tfae  (tverM.     That  tbe  proceMei  of  nature  are  often  insumcient  i»  evident  from  the  (act 

thjat  ikirydonot  in  all  caws  effect  a  cure.    Nature  may  ionietimr»  be  abaulutely  wrong; 

'-(-.  la  tiie  desire  for  aoUd  food  in  typhoid. 

]t  it,  then,  tbc  duty  of  the  pbysirlan  jiidicioudy  to  modify  the  natural  tendency, 
"  ba  pMaeaaea  the  means  of  dotog  to.  Kut  he  raufti  do  ao  wisely,  or  ll  were  better  not 
a^  *!l  He  must  undentand  the  dncased  condition;  be  muit  understand  nuluie'i  wav 
^  aWwthut  ^'  difficully ;  be  muti  judRe  in  what  wsyi  nature  may  l)e  supported;  and, 
™*mlfy,  he  muit  thoroushty  undenland  the  mean)  at  his  cunimuiid  for  the  purpotc — 
■''•  fbarmacokigy.  As  Uing  as  be  i*  nol  clear  in  rpg,iid  to  their  facton.  he  ii  merely 
fTopag  tn  the  dark,  as  likdy  at  Icut  to  do  harm  as  good.  In  this  case  expectant  ireat- 
»cni  ia  alone  jiiMlfiable.> 

I         Wc  sec  how  from  the  above  we  can  deduce  a  number  o(  methods 
I  "t  Ireatmenl. 

PrareotiTe  or  Prophylactic  TreatmeDt— This  aim$  to  protect  the  body 
Ironn  disease.     Il  comprises  individual  and  community  hygien^. 

Btioloi^,  Causal  or  CuratiYe  Treatment — The  cure  of  di.'<e.-u«  \i 
KSrcely  possible  while  the  original  tauM-  persists.  The  physidan  muit 
thenlore  always  aim  to  discover  and  remove  that  cause.  If  this  can  be 
done,  ihe  conditions  will  generally  return  lo  the  healthy  normal  unlcM 
■naionic  lesions  have  already  occurred.  The  chancer  (or  complete  recov- 
*fy  are  therefore  the  belter,  the  earlier  eSective  treatment  is  instituted. 
Huievrr,  even  considerable  anatomic  deficiencies  can  be  comi)cn:(ated 
**y  \iic  [an  that  the  organism  ha*  larijc  "factors  of  safety"  (Mcllzer). 

Sgrmptomatic,  Functiotu]  or  AUeviatiTe  Treatment.-~W)ten  the  cause 
***  [be  drscasied  condition  cannot  bcattackt^l,  it  isoden  possible  to  remove 
>t9  functional  manifestation  or  symptoms.  This  may  be  useful  in  some 
**»«*.  objectionuble  in  others. 

b  ittiUaii  the  ^ymplan»  one  very  often  alao  Mrikcs  the  diMaiar.  The  symptonal 
*  I^Mdves  may  be  no  objeciioDnblc  at  lead  to  such  tecoMlary  results  u  lo  inake  tMr 
^*"«l  deuraUe.  Pain,  cough,  and  fc\-et  are  all  purely  symptoms,  and  j-el  no  one 
^^tcfwe  lo  treat  them  «amp1y  because  ui»b1e  to  remove  the  root  of  the  diiorder. 
2* '"ancemenl  of  functioo  may  be  immediately  tbrealeDlns  to  life,  /.■'.,  cardiac 
*!■>;  or  it  nuv  add  to  the  loi  on  the  dlM«»ed  organk,  f.l.,  tne  edematof  valvular 
^Mt  The  faulty  functions  I  ion  may  alto  be  relieved  by  Incrrawng  other  compcawt' 
^  wtiatii,  /.i..  diaphoresis  in  renal  ditense. 

(«thtolbef  hand,  the  tymptom*  may  be  very  deceptive — n  chill  will  not  require 
™^*il  hral;  ■  referred  pain  wlU  not  be  rrtieved  bv  local  amplication  of  iodin  In  the 
jJ'^eWtt  it  ii  felt.  In  removing  the  symptoms  liie  physioaD  also  depriee»  himself 
■  ™  Mily  indrx  to  the  Utaimenl  o*  the  undrilytng  dl»oeder.     He  roust  cotiiUMly 
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btoo  hit  gutrd  Muut  belierins  hinueK  mccc»ful  irhcn  he  has  «ucceeded  In  terao* 
one  Off  wveiaJ «(  uc  symptomt  of  llic  <li»rjiM.  In  many  casM  Ihc  symptom  Buty  HmH 
be  salutuy:  in  which  caso  it  vrotM  not  iia  to  Tcmo^-f  it  (r-j-,  cough  when  then  i*  nypcr- 
aocrction  n[  mucux;  a  certain  amount  of  pain  when  rol  U  indicated  In  fracture). 

It  Dccd  Bcutvoly  be  added  that  It  is  not  ciliiciit  to  |K-rsuiide  a  patient  that  be  i*  I 
cared  when  be  is  in  fact  only  being  rclie^-ed  of  the  lymptonu. 

Restorative  or  Roborant   (Strengttiening  or  Tonic)  Tleatmeot? 

Disease  generally  impairs  the  viulily  ami  rrsUtance  of  Uie  organs  directly 
involved,  and  of  the  body  at  large.  This  is  corrected  by  rest  and  cflBdent 
nutrition  of  ihedisea^t^dorttaii^andof  the  entire  patient;  and  by  correcting 
any  other  abnormul  conditions  (digestive  disturbances,  suppurations, 
etc.)  which  may  t>c  present,  and  which  arc  added  drains  on  the  vitality 
of  the  patient. 

ExpectoDt  Treatment — This  is  the  abecncc  of  any  real  attempt 
ni  treatment  bevond  hygiene,  rest,  diet,  and  other  simllju-  genenl 
measures;  with  toe  object  of  leaving  the  powers  of  nature  free  play.  Thia 
should  be  employed  in  all  cases  where  no  better  treatment  ts  known; 
but,  a.-«  has  been  said,  it  i»  usually  within  the  province  and  power  of  t|^ 
phy^cian  to  support  nature  in  her  endeavor.  ^H 

The  expectant  treatment  must  also  be  used  when  it  is  dc^red  lo  Rt 
the  disease  proercss  to  a  cert;kin  point,  if  (his  is  necessary  for  diagnosii- 

Empiric  and  Rational  Therapeutics. — The  treatment  of  disease  has 
develoiwd  by  two  different  ml:lilo[l^,  or  perhaps  more  accurately,  attitudes 
of  mind.  The  Empiric  method  follows  merely  the  dictates  of  experience, 
without  concerning  itself  about  the  reasons  of  these. 

It  is  tn^licd  by  the  patent  mcdidne slogan;  "ithoiiCuredoUieniaitd  will  cure  you." 
While  in  the  present  state  ol  our  science  It  h  still  neccMsty  to  employ  it  only  too 
olten.  it  require*  scarcely  a  thought  toseehowoftt^D  it  may  be  not  only  uwloi,  but  even 
tBJuriouf'.  Conditions  which  resemble  tach  other  very  cJomJ)'  »upe[fici«Uy  may  really 
be  disnieUicBlly  oppoNle,  and  may  require  very  diflertnt  tiMtment.  tiie  objection 
to  the  empiiic  method  is  not  that  it  rests  upon  ciperiencc.  which  is  the  bails  of  all 
scicnor,  but  that  it  does  not  endeavor  sufllcie-ntly  to  dihtinguith  whether  ihc  ciperUnce 
ii  real  ur  deceptive.  It  Es.  of  COTirK,  an  equally  grave  tirur  ti>  ku  lo  the  uppOAitc  cx- 
tnme.  and  to  base  treatment  on  theories  and  duluctiont  inadequately  sup 
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obicrvalion. 

Rational  or  scientific  therapeutics  should  employ  u)»ervatioit,  expert*' 
mcnl  ami  scientilic  reasoning,  checking  each  against  the  others. 

A  real  tcience  of  therapeutics,  by  which  it  would  be  potaible  lo  forvtell  the  eaui 
results  is  still  largely  a  vision.  The  numerous  physiolo^  and  palholo|;ic  variables 
reitdei  piedictions  uncertain.  The  jicrsonsl  factor  olays  a  Urge  t41c;  aa>l  tlte  dne 
appreciation  of  this— "the  art  of  therapeutics" — is  tliereforc  very  imporiiint.  How- 
ever, the  best  result*  can  only  lie  secured  by  the  critical  application  ol  oil  tbe  known 
scientific  facts. 

niarmacftl  and  Non-phamuical  Therapeutics. — A  dUlinction  is  tome* 
times  made  between  "drugs"  and  "physiological  agents";  including  under 
the  latter  physical  mea.sures,  such  as  beat  or  cold,  bathing  or  dimate, 
rest,  exercise  and  massage,  diet,  etc.  The  distinction  is  convenient, 
but  not  ftmdamental.  The  use  of  drugs  is  no  more  "unphysiological" 
than  the  iLSe  of  abnormal  heat  or  cold,  or  of  special  diets,  etc.  The  me- 
chanisms of  their  action  are  not  essentially  dissimilar.  Each  is  in- 
tended to  produce  definite  changes  of  functions.  One  or  the  other 
may  be  better  adapted  to  secure  this  end;  and  the  physician  should 
hesitate  to  employ  whichever  is  best  suited. 

Phniolegic  Processes  Honaally  Controlled  by  FliannaccJogic  Agmts.— The 
nanaally  produce*  a  %'nricty  of  |>lmrm.i(oIogica11y  active  sub«tnnce4,  as  direct  of  b/' 
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pmducu  «( its  racUbotinn,  Mid  imci  them  ai  aids  in  rcguUting  it»  own  sctivii)'.  The 
COt  contml  of  the  retpintion  and  the  various  olhei  hurmoocft  aod  inirrn&l  McntioM 
ast  raniilur  piampln  in  maminaUan  phy&iulogy  (Starling,  190S).  The  use  of  drugi  b 
tbcrcfofc  not  «n  11  nphy biologic  proceeding. 


THE  CHEMICAL  AND  PHYSICAL  BASIS  OF  PHARMACOLOGY 


L Scope  of  PhannacoIogy.^The  term  Pharmacology  in  a  general  scasc 
en  all  gicientilit:  knowledge  pertaining  to  drags,  i.e.,  to  ^ubatsncen 
ch  may  be  used  in  the  treatment  of  disease.  Materia  Medica,  Pkar- 
tnacognojy,  and  Pharmacographia  have  the  same  meaning  when  they  are 

^B    u.sett  in  a  gmcral  si-Jise. 

H  More  commonly,  however,  the  term  "pharmacology"  is  used  in  a  more 

^^  TtstritUd  sense,  as  a  synonym  for  pharmacodynamics.  It  concerns  itaelf 
with  the  actions  of  drugs  on  living  structures;  or  with  the  Feactions  occur- 
ring between  druga  and  living  structures.  It  is  therefore  in  a  sense  a 
branch  of  physioK>g>'  on  the  one  hand,  of  chemistry  on  the  other;  and  is 
thus  essentially  a  division  of  biology.  It  has  important  practical  relations; 
on  the  one  liand,  with /Hi(V(i/<?sy  (the  science  of  poisons);  on  the  other  hand, 

^B  with  therapeutics  (the  treatment  of  disease). 

"  Til©  Nature  (rf  I^iarmacologic  Action. — The  processes  of  life  are  essen- 
linllv  conditioned  on  chemical  and  physical  chajiges  in  the  constituents 
of  xixQ  cells.  Foreign  chemic  substances  may  enter  into  these  reactions, 
and  thus  modify  them  more  or  less  profoundly,  with  corresponding  changes 
of  function.  These  are  termed  drugs  or  poisons,  according  to  whether 
they  arc  tiscful  or  harmful  in  a  given  case.  Some  of  the  reactions  are 
com))aralively  simple,  analogous  lo  those  produced  on  isolated  proteins. 
Others,  however,  occur  only  in  living  substance.  Our  limited  knowledge 
of  the  chcmicjil  details  of  the  li\'ing  cell  docs  not  permit  any  deep  insight 

^  into  the  nature  of  the  action  of  these  substances,  except  in  a  few  directions. 

^1   They  suffice  to  .show  that  the  mechanism  of  the  action  of  differenl  drugs 

^B  IS  not  uniform,  hut  is  sometimes  along  chemical,  and  sometimes  along 
physical  lines.     No  sharp  division  can  be  drawn. 

Phfura-^hcmical  Conditions  ot  Lil«.— The  living  cell  may  t>«  cnnudrrctt  ai  n  vcrv 
rnnpici  Ub-iralory.  where  fhemic  derompoii lions  and  sjiilhescs,  rcduciioni  and  0x1- 
duion*,  etc.,  »rc  conslantly  KoiiiK  on.  Tm-sc  clicmic  chiuigcft  load  Xa  tnuHformaiioni 
«( ningy  wikh  find  their  linal  cipic:iuon  in  tli*  phenomena  ot  life.  The  vital  mani- 
(nOdoitt  of  the  cell  arc,  therefore.  ia«epnrably  connected  with  phyrica-chcinic  tnuis- 
jcnuliooa,  «'likh  require  fur  their  uccurrence  the  existence  of  ci<r[aut  dienuc  and  phyt- 
ol  ooodiliodt.  The  chemic  esieniial*  are:  the  presence  of  tubMances  cap.tlile  of 
Bnating  eDcrgy,  and  the  crmiiil bii!'  Miilable  (or  their  reactions,  such  as  a  proper  lem- 
^tUR,  alkaiuiity.  prewiice  of  ferments,  etc.  The  phyiical  conditions  of  life  are: 
A*tKid  medium,  containing  colloid  firolrmv,  <iall«,  tat*,  and  walrr. 

(MiHdrv  Cii-mif  Re<iniiini.—\n  die  simplest  tasi-t  tin-  actions  occuf  on  dead  ti»»urs, 
■4  nitntl^  ihosr  produced  on  substance  of  known  composition;  this  b  the  case  with 
'^'»t*ait,aikatki.mdiiU.  etc. 

CistmnCktmk  Rt^diimt. — In  many  cases,  ptrliriilarly  with  alkaloitls,  glue n^ids  and 
'j'ViK,  llw  Action  i»  confined  lu  (he  living  cells:  for  must  of  these,  no  adequate  explana- 
^oa  be  oflered.  It  it  very  probable  that  many  of  tbcte  produce  dicmic  changes  In 
wpntofiUtni;  but  the  evidence  is  tuggeilive  nitlicr  tlmn  tonclu«ivc. 

rioai  tbe  complicated  slrueiure  of  the  j>rutein  molecules  we  conclude  that  it  must 
pOpAle  ot  a  very'  Stent  number  of  renrtinnn,  a  conclusion  whieti  it  confirmed  by  the 
|j4t  nnnber  of  ^ubsiances  which  are  utilised  by  the  cell.     We  find  an  expression  of 


^ 


Jw  tkenuc  diBJigct  in  the  final  excretory  pioducU  of  ihr  cell;  but  we  are  very  ignorant 
■Ih*  mctioM  by  wluch  these  final  changes  nte  produced.     When  we  find,  therefore, 
Imi  a  cbnaic  lubitance  pots(a»c»  actioni  for  which  there  is  no  adequate  phyiiea 
tifiMitian,  we  presume  that  it  cntcn  into  chemic  reactions  with  the  pr<:>l<ip)n»ni 
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This  liAubcfn  expanded  specially  in  the  side-ehaiit  thtarv  ol  Eliriich.  TU*  UKumc*  thai 
the  puiwnK  coroblur  with  ctrtaSn  croups  (rcccpton)  of  the  cell  which  arc  aMBtkl  foe 
iu  mcuboliiin. 

Evidtnca  ofChtnic  Adhni. — The  theory  of  chemic  combination  noonfirinccl  by  the 
(act  that  most  o(  the  ^I»ods  (not  all)  are  altered  In  the  body;  atthowgh  it  doanot 
(olInvF  thnt  thi-  action  u  due  to  this  paiticulat  choagt.  The  toxicity  b  often  panlkl 
to  thr  rhemical  ic«ctivity  or  lability  o{  ilie  poiwn.  Othci  iodicationt  of  chemic  reac- 
tion arv,  thai  tboe  poums  oftoi  accumulate  in  the  celli;  «nd  that  the  tOixti  g«ncnlly 
incrciuc  u-ith  the  dose.  Thu  would  be  expcaed  with  chmuc  naction*,  but  oould  alfo 
occur  on  physical  grounds.  In  any  OM,  (he  comblnatloii  U  of  ten  vtry  lotne  and  tin- 
itable,  for  the  poison  can  often  be  removed  by  single  solveots  (/.i.,  BiitipyreiicaaAd 
luchtin  stain  by  alcohol,  P.  F.hilicb).  Indeed,  the  orsaniiiia  recovers  promptly  from 
roost  p^Aons  when  thne  are  washed  out,  unltas  Moondary  chanjECS  nave  occurred. 
In  tome  enact,  the  action  tccmt  to  he  produced  only  whilst  the  poison  is  pamnfl  into 
Of  out  of  the  cell  (Straub;  Kuyer  und  wlj^ienbcrk,  1013).  The  action  U  then  probaUy 
DO  the  plasma  membrane.  The  relniiun  betwi-en  the  action  and  chenuc  conttilulioD 
of  pMtons  alto  tpeak*  for  chemic  reactions,  but  may  in  some  cases  be  explained  by  coi- 
rcffioodlmt  alterations  of  the  physial  properties.  Compounds  bot«««n  allialoldi 
and  proteins  have  been  described;  but  it  is  not  certain  whetner  these  are  teal  eombba- 
tioni.  Of  merely  adsorption  products  (Eddy  and  Oics,  tgoy). 

itodificotlttu  of  PermeMt. — Catalytic  reactions,  which  are  M  Importaat  to  the  cetl, 
may  be  modiGed  by  chemic  rutgents,  without  as  well  as  wItlUn  the  odL  This  expUiu 
the  asphyxiant  action  of  cyanids. 

Cltanttt  in  the  Crti  Mtmbtanf, — Since  roost  c«Ub  are  b  contact  with  surroundlAt 
fluids,  they  must  be  protected  against  changes  of  compoaitioo  by  a  limited  pcrmeabiliiy 
of  their  luifucc  la)-er,  the  cell  wall  or  plouna  rocmbranc.  Thit  apparently  coniaias 
lipoid  and  i>t»irin  constituents.  It  may,  therefore,  he  altered  bylai'Solvents,  or  by 
annts  whicn  cither  precipitate  or  tictuefy  ptoldns.  This  explains,  at  least  partly,  the 
eSects  of  lipolylk  nofcotin;  bcmoly«s  by  tlie«c,  by  alialies  and  ntfomini;  the  octuos  of 
various  ioiu,  especially  Cs.  etc. 

Osttolic  Ckanga. — Cells  are  (jenerally  much  more  permeable  to  water  than  (o 
dissolved  substances.  This  leads  to  osmotic  phenomena — the  withdrawal  or  absaq>tian 
of  water — when  the  cells  come  into  contact  with  solutions  nf  hiither  or  lower  salt  coa- 
centration.  This  explains  the  actions  of  many  otherwise  nearly  indiffcreBt  salts,  l|., 
MfJne  ittihatib  and  iiuntii. 

Smfate  Forea.—Tiie  physical  structure  of  protoplasm  is  such  as  to  present  Ur^e 
surface,  and  therefore  gives  peculiar  opporlunitv  for  the  development  of  the  surface 
forces,  which  are  very  important  for  various  vital  functions.  These  are  RTcally  RM)d^ 
fiod  by  a  variety  of  substances,  including  the  UfoiJ  lo/vmU,  nsZlr,  etc. 

Colltid  Pimomiu.— Many  chemical  and  physical  conttitions  depend  on  the  caUaid 
character  of  protoplasm.  The  state  of  iKKrcgalion  of  colloids,  and  hence  their  reaction*, 
are  eaaly  modified,  especially  by  sails,  acting  both  by  their  chemic  properties  and  tltc- 
Iric  charges.    Thin  is  another  important  clement  in  MU-atlioH. 

Dependence  of  tiie  Pharmacologic  Action  on  the  Chemic  Cotistitution. 
— A*  a  Kciicral  rule,  drug;*  having  a  simiiar  coDstitution,  possess  siroibr 
actions;  mi<t  tk-finitc  changes  in  the  mdecule — as  in  homolo^oat  Mries, 
or  the  introduction  of  new  groups — often  produce  definite  modilications 
In  the  i)h;irin.itiiIogic  elTccts.  This  should  be  expected,  since  the  i>h>-*ical 
as  well  as  chemical  propcrlic*  change  with  ihe  constitution.  This  relatioD 
has  a  wide  general  application;  but  its  application  to  details  has  been  dis- 
appointing, because  we  have  not  sufficient  knowledge  of  the  chemic  con- 
stitution and  reactions  to  take  account  of  tlic  numerous  variables. 

It  must  be  remembered,  tor  instance,  lliat  the  action  is  not  so  mtlch  dclcmiincd  by 
the  elementary  composition  of  the  sutntancc,  but  rather  by  the  manner  in  which  tlie 
elemcntft  arc  combined.  Isomeilc  compounds  have  often  tery  dillcrent  actsonft. 
Apparent  exceptions  mult  also  from  the  diflercnt  penetrability  of  cells  to  lubslonces 
which,  oould  they  be  introduced  into  the  cell,  would  cause  umilsr  effects.  Other  mani- 
EesUtions  of  selective  action  also  come  into  play. 

Attempts  to  construct  a  general  theory  of  pharmacologic  action  on  chemical  lines 
have  merely  shown  that  this  Is  impossible.  Thr  dnu  which  we  possess  had  thciefoic 
10  be  ^therec]  empirically  without  much  piidance. 
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The  tmpoituiee  of  the  Clwmic  Radicals  or  "Side-chains."— A  sub- 

ttancu,  to  |>TO(luce  chemical  phanmtcologit^^  actions,  musl  be  capable  of 

[combining  vrith  protoplasm  and  ihcn  of  altering  in  propertJes.     These 

two  [unctionii — combinalion  and  action  (analogous  to  amboceptor  atwl 

complement,  V.  Elirlich) — may  be  united  in  the  Hime  group;  but  more 

commonly  they  are  distinct  ("haptophore"  and  "toxiphore"  groups),  so 

thai  one  may  be  modified  without  the  other.    Often  several  groups  arc 

present  wliidt  may  enter  different  combinations  under  different  condi- 

liou.     It  is  evident  that  tline  may  introduce  great  variations  in  the 

KtlORS. 

Hoiphm.  J.I.,  produce*  iix  h)-pnotic  action  br  "anchanng"  or  combining  with  Its 

■^jrl-bydrasyl.     Wlicn  ibis  gt«U]>  i*  cIoKd,  J.i..  by  the  methyl  radical,  u  in  codciD, 

bon  in  a  diRcrcot  way,  to  diSerent  <.'<lisi  anu  Uw  coDvulaaat  action  bccamri  more 

■nl.    Tht  introduction  of  acid  radJcaU  into  chc  nmid^Krauo  T«i<lvni  thi^  moTG 

'  and  IcM  tAxic;  but  the  umc  add  rndtcalt  when  introduoM  in  the  OH  group 

U  in  heroin)  increiun   the   toxicity,  by  providiag  a  new  combininjt  icroup.     In 

F  cues,  the  new  grouu  act  only  by  aliciing  th«  combining  propertici  of  the  active 

|Kwp.    Is  other  nse»,  ifie  new  group  may  Uv^lS  be  active. 

Hw  ConstnictioQ  of  Synthetic  ConqKnuids. — The  recognition  of  these 

laws  of  the  modification.s  produced  by  the  different  radicals  u  of  practical 

impnrlnnce.     It  pcrmiu  the  prediction,  with  considerable  prooabitity, 

of   the  effects  of  new  drugs;  and   it  points  the  way  to  modification* 

«tuch  will  emphasize  desirable  quantities  and  eliminate  those  which  arc 

mdotrablc.     This  has  lead  to  the  introduction   and   improvement   of 

many  new  remedies.     Really  new  properties  cun  not,  of  course,  be  preititled 

bj'  luiovD  properties.     Their  discovery  is  Kcnerally  accidental.     Accord- 

togly,  ivnihetic  chemistry  ha«  inlro<ince<l  relatively  few  new  principles, 

Ixil  cDoless   modifications;  some   useful   in   the   ways  indicated;  many 

<*fctn  needless  and  detrimental.    It  is  very  easy  to  inlro<iuce  minor 

iAU(cf  ill  compo<{ition  which  do  not  alter  the  actions  of  the  original 

<lrut  Euierially,  but  wliich  arc  commercially  profitable  by  evading  the 

paicnl  ind  trade  mark  laws.    This  needless  mutUplicaiion  is  confusing  and, 

tlMtforc,  undesirable. 

DterPnition  of  Drufs  Within  the  Body. — Drtigs  are  not  distributed 
aailmnly,  but  accumulate  especially  in  certain  celU,  according  lo  their 
IxnuUhty  and  physical  and  chemical  affinities.  ITiis  influences  their 
Wk»;  either  by  bringing  them  in  contact  with  reactive  tissues,  or  by 
"■ifll  them  in  places  where  they  may  be  inactive.  The  distribution 
taibcen  iitudie<l  in  telativrly  few  ca.ies,  especially  (or  inorganic  poisons; 
^1  lk(  data  arc  not  suflicietil  to  permit  generaliKations.  The  distribution 
fppon  to  be  altered  by  disease;  e.g.,  degenerating  tissue  takes  up  more 

**■«  P1*C«B.— The  pobons  ilboAticar  ()ui(e  rapidly  from  the  blood,  the  gmter 
pvt  ilUn  a  lew  tniaulrt.  The  ehlonJa,  btomiils.  ajid  related  ions  aocvmulate  in  all 
*n>a  bai  mainly  in  the  xlda  and  blui>d.  Tbe  Ibyioid  itorc*  a  relatively  l^i  ncr- 
(^"ir  of  lodin  as  iodolhyrin.  The  boriM  retain  the  earthy  metals  and  fluorid.  The 
■■MBMalaare  tieposiird  as  looacorxanic  conipounds,  npvcially  !n  the  li\Tr  an  J  spte«n; 
^WT  a>  a  kwec  globulin  compnumi;  aracntc  a«  a  more  «tablc  nuclcin  comblnnlion 
[]^*wy,  igo;).  The  Iron  dtpo«ll8  mivc  as  a  mtrvt  slock  a(  this  metal.  Little  is 
™J»  uout  the  distribution  of  oi|;anic  posionji,  mainly  for  want  of  auilaUe  assay 
■ta^. 

OMok  Changes  in  Dni|[8.^ — The  majority  of  poiMn«  are  more  or 
!"•  (llercd  in  the  bod),  and  generally  rendered  less  harmful.  This 
bcflnttd  by  the  oxidation,  reduction,  hydration  or  dehydration,  or  other 
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decompocition  o(  the  poi&on,  or  by  the  storage  of  the  poison  in  cert 
orguia,  or  by  its  combinatioa  with  other  substances  which  render  it  har 
less.  This  process  of  disintoxication  is  oE  j^rcai  practical  importance. 
It  makes  it  necessary  to  .iilminister  tiie  drugs  cuiitinuuusK',  in  urder  to 
maintain  their  effect;  it  often  requires  the  use  of  coniinuousty  increasing 
do»es  as  the  power  of  disintoxication  becomes  more  developed;  and  were 
it  not  for  the  power  of  the  body  to  destroy  or  remove  poisons,  and  thereby 
to  recover  from  their  action,  all  therapeutic  use  of  drugs  would  be 
impossible. 

DecontposittOD  b;  Digestion. — The  digestive  juicct  dralroy  many  Ofnuiic  poiialM 
by  hydiolylk  ileavagc;  C!|.ic<. i.illy  Ihr  protdnh,  toxins  and  antiloiiiu,  and  tne  gln> 
coeids.  On  the  other  iiaiid.  they  ire  ni-tessary  to  saponily  and  litwrstc  the  •cli%*  coB- 
stitui^nts  of  insoluble  csicrs,  <■.(.,  phenyl  salicylate.  The  acidity  of  the  gaslric  juic« 
ii  impoftiknt  for  the  ^utuiiun  of  bases.      Il  nho  olten  splits  a£F  ocyl  group*. 

Decomposition  in  Tissues.^ Strychnin  am!  many  other  poisons  Are  partly  onidiMd 
in  thi'  body,  and  ihe  toxic  eflect  i^  l)ie  refure.  reduci^d  if  the  poiioned  aninud  ii  placed  in 
ftn  attnospherc  of  oxygen.  Morphin  is  lalgcly  desttoyed.  rspcrinlly  by  thoM  accujiomed 
to  its  u%.  Rcid  Hunt  (1905)  hii;  shown  that  firditiK  with  thyroid  markedly  diminished 
the  toxicity  of  ncetonitril.  by  preventing  its  conversion  into  cyanid.  The  reii.itance  lo 
morphin  is  aUo  modi&cd.  It  has  bocn  rlnimcd  Ihal  excision  of  the  thyroids  increajtra 
the  toxicity  of  a  number  of  other  poisons;  but  Lcrda  and  Die/.  1005.  ublHlned  iierativc 
mults  with  cnffcin,  strychnin,  unne.  and  tetanus  and  diphtheria  toxin.  OrKanit  com- 
pounds of  mcLiU  (cacodyl,  etc.)  only  devcliip  the  metal  nclii>n  after  <ixidnlii>n.  M*ay 
organic  acids  (dtric.  etc.).  alcohol  and  furmaldchyd.  are  oxidizi-tl.  and  thus  duintOist- 
cated.  Hexamethylcnamin  is  activated  by  the  liberation  of  formaldchyd  in  add  urinei. 
The  benzol  ring  is  very  resistant,  most  of  the  thanges  occurrinj;  in  the  sidochaint. 

Diiinlarifatiim  by  Ike  Liver. — This  is  believed  lo  be  especially  active  in  disinunf- 
cation,  partly  by  destroying,  but  partkubr!>'  by  storing  poiMinn,  «>  that  the  tame  d<M« 
is  much  less  effective  (perhaps  one-haK)  wlien  given  by  the  mesenteric,  than  by  th« 
jugular  vein.  This  has  b«n  dc m on ii rated  tor  curate,  slnxlmin,  inotphin.  COCain. 
vemtrin,  quintn,  alropin,  and  the  mtials.  Perfusion  of  alkiiloids,  glueouds,  trndn*. 
bariurn,  etc,  Ihroogh  excised  tivcr,  also  decreases  Ihrir  toxicity  fWoronxow,  igii). 
Liver  emulsions  seem  lo  lie  le*«  active.  They  dtd  not  destroy  strychnin,  but  attacked 
calfein  (F'elron,  190;).  Expcrimcnls  with  Ech's  tistula  gave  rather  nrnative  results 
(Rothberger  and  Winterberg,  1905). 

Oihff  OgoH^.^ Perfusion  through  excised  tnuifle  also  produced  diditioxicntion,  but 
weaker  than  the  liver,  with  chloral,  atropin,  physcistigmin,  curatr  and  alcohol,  not  (ritlt 
■nuscarin  and  ricin  (Woronzow,  1911).  Excision  of  ilie  spirts  Is  said  to  Inmaac  llw 
toxicity  of  most  alkaloids,  but  not  ill.  The  pkafocyles  accumulate  and  thus  diiin- 
toxicatc  poisons,  specially  colltuds.  Tlic  srtum  of  atropin-rcastant  animals  dcitroys 
atropin. 

Disintoxicalion  b;  Combination, — Phenols  and  other  aromatic  compounds  are  rcn- 
dcreil  less  toxic  by  combining  with  sulphates;  many  metals  by  the  proteins;  toxins  by 
anliloxins;  acids  by  alkalies;  aldeliydc-.  ''amphor,  chloral  and  ethereal  oils  by  (ilycu- 
ronic  acid;  cyanids  by  sulphur;  bcnioic  and  sAlicylic  acid  by  clycoeoU;  etc.  The  extent 
of  the  disintodcalion  will  depend  upon  the  activity  of  the  metabolic  processes  which  arc 
concerned,  ur  on  the  amount  of  nculriiliiiiiy  substance  present  In  the  body. 

Quaatitstive  Relation  of  Concentration  and  Action. — The  ratio  is  generally  not  in 
simple  prijpurlinn.  There  is  usually  »  "minimiil  thre>i!iold,"  all  conccntntions  below 
this  being  apparently  ineffective.  At  the  other  extreme, once  the" maximal  rrspoaM" 
has  liecn  reached,  further  increase  of  comcentntioii  can  produce  no  further  effect.  Be- 
tween these  points,  every  increase  of  ConcentradOD  lacreases  the  action;  the  increment 
being  the  greater  the  lower  the  original  concentration.  For  instance,  when  the  con- 
centration of  ouabain  was  doubled  from  0.00115  ^°  0.0015,  the  action  was  increased  4.6 
timet;  when  the  concentration  was  doubled  from  0.005  too.01,  the  action  increased  only 
j.;f' times  iSnIlmann,  Mendenhall  and  Stingel,  191$;  the  paper  also  discusses  the  tesMOs 
for  the  phenomenon), 

THE  MAKIFESTATIOSS  OF  PHARMACOLOGIC  ACTIONS 

Modificatioas  of  Functioiis. — Since  protoplasm  is  essentially  identical 
in  all  cells,  the  action  of  pharmacologic  agents  must  also  be  esttentially  the 
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same  in  all  situations;  but  just  as  quantitative  (lifferenceft  exist  in  the  ccU, 
so  docs  the  pliarmacologic  action  show  quanlitativc  diScrcnccs  and  sclec- 
jtive  properties.  Of  these  we  shall  have  more  to  say  presently.  As  a 
pKeneral  rule,  the  most  conspicuous  changes  occur  in  the  most  conspicuous 
function  of  the  cell — partly  because  these  are  the  most  readily  appreciated, 
but  (>arily  also  because  specialized  functions  are  the  most  complex  and 
hence  the  most  sensitive. 

Pharmacologic  agents  can  in  no  ca»e  create  new  functions  In  a  cell  or 
Jtissue;  they  can  only  modify  existing  functions,  or  at  most  make  evident 
f unctioRS  which  ha\c  previously  been  latent.  The  functions  of  a  cell  may 
be  increased  or  diminished,  resulting  in  slimidalUm  or  ticpression.  Since 
there  arc  also  structures  the  stimulation  of  which  would  lead  to  an  inhibi- 
tion of  olher  jtructurcs,  an  actual  increase  of  function  is  sometimes  dis- 
tinguished as  an  excitation.  A  very  violent  stimulation  passes  usually 
into  injury;  such  injurious  stimulation  is  called  irritalton.  Moderate,  but 
prolonged,  stimulation  also  passes  into  depression,  cither  by  the  disap- 
pearance of  food  substances  {exkauslian),  or  by  actual  injury  to  the  struc- 
ture {jaiigue).  If  the  depre«.^on  is  so  great  that  the  given  function  has 
dUappeared,  the  condition  is  called  paralysu;  if  all  the  functioDS  are 
abolished,  there  is  dralh. 

The  KTcatcr  number  of  pharmacologic  agents  produce  at  first  a  stimu- 
lation, which  is  followed  in  larger  doses  by  a  depression.  In  this  respect 
the  differences  between  the  difierent  poisons  arc  again  mainly  quantitative. 

The  so-called  "stimulants"  produce  a  very  strong  and  prolonged- 
stimulation,  the  depression  being  produced  only  by  relatively  large  doses. 
The  "dcprcssani=.,"  on  the  other  hand,  cause  only  a  slight  stimulation, 
which  pu;»cs  readily  into  depression.  Indeed,  with  some  depressants,  no 
stimulation  wliatever  exists.  It  is  very  rare  that  a  depression  precedes 
a  stimulation;  when  this  occurs,  the  action  is  presumably  on  difierent 
structures. 

Selective  Action. — The  actions  of  drugs  are  generally  much  greater  on 
some  tissues  than  on  others;  i.e.,  they  arc  selective.  The  difference  may 
be  almoat  or  quite  absolute,  so  that  the  drug  acts  specifically  on  one  class*^ 
cells.  This  "monolrop"  action  is  especially  important  in  parasiticides, 
and  b  the  ideal  of  modern  " chemo-thfrapy"  the  treatment  of  infections 
by  chemic  agents.  AnlibocUes  also  Illustrate  a  strictly  monotropic  selec- 
tive action.  With  most  drugs  the  differences  are  merely  quantitative  or 
reiatite;  a  number  of  structures  being  affected  with  various  degrees  of 
predilection,  which  may  sometimes  shift  with  changing  conditions.  The 
actions  on  the  central  and  peripheral  nervous  systems  generally  belong 
to  this  relative  type. 

Meehanisms  of  SeUdive  Actions. — ^Thcse  may  consist  in  dificrcnccsof 
penetration;  of  the  chemic  affinities  of  the  cell;  or  of  sensitiveness  of  the 
functions.    The  details  arc  known  only  in  a  few  civcs. 

Selective  Absorption. — A  druic;  may  act  upon  a  cell  without  actually 
penetrating  into  it;  for  instance,  by  exciting  the  nerves  supplying  the  cell, 
or  more  directly,  bv  withdrawing  water  from  the  protoplasm;  but  as  a 
geoeral  rule,  the  poison  must  be  absorbed  into  the  cell  or  cell-membrane, 
before  it  can  produce  any  action.  In  order  that  this  absorption  may  take 
{dace,  the  drug  must  be  soluble  in  the  cell  contents,  and  particularly  in 
the  cell  envelope.  The  solubility  of  a  substance  in  protoplasm  is  not  nec- 
essarily the  same  as  in  water.     Indeed,  it  varies  for  each  kind  of  cell. 
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and  consequently  the  penetrability  of  diSerent  celb  for  a  given  substance 
may  vary  greatly. 

Whilst  the  renal  ct^lls,  for  instance,  are  vtry  pcrmealilr  tot  sulphaira,  the  imntiQal 
cells  nit  but  slightly  permeable.  It  is  in  virtue  of  this  peculiarity  that  ccU*  Are  capable 
of  preserving  their  own  compo»Uion.  auiwithiinndinx  contiilerablechanitMln  the  Auidt 
In  which  they  are  bathed.  This  fact  alto  explains  why  a  given  mbilanoe  acti  nudi 
mure  strongly  upon  one  cell  than  upon  another. 

These  differences  art  illustrated  strikingly  by  the  diMributioo  of  dya  in  living  and 
dead  tissues;  or  indecil.  i"  unorganlzcl  mnirriaU.  Their  behavior  has  be«n  ezteniivcly 
itudicd,  but  03  yet  without  leading  to  sttun;  general  tonclMionK. 

The  differences  in  absorplion  may  be  due  pnilly  to  the  cell  envelope,  partly  to  the 
cell  contents.  Lipoid  solvents  gencra.ily  penclralr  btlter  than  other  agents,  becanw 
of  their  affinity  for  the  lipoid  constituents  of  the  cell  mcmbrRne.  Olhr^r  agents  probably 
form  "solid  solutions"  with  some  of  the  rrlUonstituentti;  other*  arc  attracted  by  ehirmic 
differences^r.if.,  the  basic  5lain5  by  the  acid  character  of  the  nuclear  chromatiD. 
Abwrplion  and  surface  forces  probably  play  an  important  part. 

The  distribution  is  often  modilied  by  condition!! — reaction,  oxygm,  the  presence 
of  ■  second  substmce,  etc.  Important  difference*  arise  al»o  in  diaeaied  conditions, 
e.g.,  iodids  are  taken  up  in  higher  contcntration  by  degenerating  tiMuei. 

Effect  of  Concentration. — The  amount  of  :l  drug  absorbed  into  a  cell 
v-aries  generally  with  the  concentration  of  the  drug  in  the  surrounding  Quid 
This  concentration  is  greatest  al  the  place  where  llie  poison  enters  and 
leaves  the  body,  i.e.,  in  the  alimvnlary  canal,  liver,  and  kidncjrs.  Differ- 
ences of  blood  supply  also  come  into  play.  The  influence  of  concentration 
is  most  readily  seen  with  locally  acting  drugs. 

Chemic  Differences. — The  various  cells  differ  in  their  chemic  proper- 
ties, and  therefore  In  (heir  reactions.  Tins  is  seen  most  definitely  with 
tlie  antibodies,  precipitins,  cytolysins,  antitoxins,  etc.,  which  are  supposed 
to  6t  especially  into  certain  celU,  "as  a  key  is  fitted  to  a  special  lock." 
Something  of  the  same  kind  doubtless  applies  at  least  to  some  of  the  ordi- 
nary poisons,  which  can  unite  only  to  certain  side-chains  or  certain  con- 
stituents; but  little  is  known  of  the  details.  Similar  combining  pro(>crties 
may  make  a  poison  innocuous  to  certain  cells,  by  leading  to  its  destruction, 
or  binding  it  into  a  harmless  form.  On  the  other  hand,  the  decompoMtion 
may  serve  to  liberate  or  form  an  active  substance-^,!,,  formaWehyd  from 
hexamethylenamin  in  acid  urines. 

Ftinctional  Differences. — The  cause  of  selective  action  lies  often  in  the 
cells  themselves,  fhe  marc  iMtrnlr  Junctions  being  damaged  more  readily. 
Hence  a  poison  which  acts  indifferently  on  all  tissues  produces  always  the 
most  conspicuous  effect  on  the  central  nervous  system. 

The  sensory  nerve  fibers  are  uniformly  more  seniitivc  than  the  motor  libers.  The 
heart  of  the  king-crab  limulus  furnishes  »  good  illustration.  lu  structures  fail  in  the 
same  order  (ganglion,  motor  ner\-e-plc»ui.  muscle)  in  respect  to  all  Liods  of  injulioua 
agencies,  alkaloids,  unesthclics  and  other  dnigs;  heal  and  cold,  etc.  <Mc«k.  tQoS). 

Certain  cells  also  accommodate  Ihe-nisctve*  more  readily  lo  altered  conditjoiut. 

CLASSmCATIOH  OP  DRDG3  ACCORDING  TO  SELECTIVE  ACTION 

Poisons  which  alter  all  tissues,  and  which  therefore  produce  effects  at 
the  place  where  they  are  apphed,  are  termed  " hcaUy-acling"  drugs. 
They  may  produce  similar  chemic  changes  in  dead  tissues.  These  usually 
cause  intlammalion  when  applied  to  living  tissues,  and  are  then  called 
irritants  (including  simple  irritants,  corrosives,  and  astringents).  Others 
lesien  inllammalion  mechanically  (emollients  and  demulcents). 

Others  act  chemically  on  all  living  strnciures,  without  changing  dead 
tissues;  the-w  are  termed  " protoplastnic  poisons." 
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Poiitom  which  act  selectively  on  .1  few  niruoiure?  are  oalled  "mutde- 
nene  poisotu."  They  may  aiTccl  rad-organs  (scnsorj'  endings,  glaad  ctlls, 
or  sirii>cd,  smooth  or  cardiuc  muscle);  or  the  nerve-endings;  or  ganglia;  or 
any  part  of  the  central  nervous  system.     . 

Vvm  truDks  arc  so  mislant  tKitt  they  axn  only  ilSvcIkI  wben  tlw  poison  i&  applied 
10  tlicm  directly.  The  nKos  of  drugs  ti>  them  is  rc&trictcd,  in  Jntncl  animaln.  by  their 
limited  blood  supply.  The  nervr  tibcrs  arc  alsu  ptulKtcd  by  tlie  slight  pertncnblllty 
of  their  thcath. 

Phamucologic  Groups. — Various  systems  of  classifying  nerve-poisons 
have  been  devised.  None  \%  really  aatisfactory,  because  most  dru;;s  pro- 
duce several  effects  which,  by  their  interaction,  complicate  the  subject  so 
that  no  ^mplc  system  will  apply.  With  some  drugs,  however,  one  phar- 
macologic, chcmic  or  physical  feature  predominates  so  greatly  that  they 
can  be  wrparated  as  fairly  distinct  groups.  However,  this  is  more  or  less 
arbitrary  and  anilirial. 

Vkrtations  in  Sjnnplonu. — The  elective  aclion  o(  druiti  is  r*r<ly  absoliilc;  *vco 
•trycbnin.  a  hi^tib  »'l(Vlivc  iHjihon.  .kcl»  as  a  i;vii<:ra1  proluplajmic  poisou  when  it  u 
(fincUy  applied  in  suificicnl  contcniralion.  Ilowri'cr,  Mime  one  action  often  predomi- 
M(«  w>  xreally  over  the  oihcrs,  that  ii  may  be  considered  as  cliaracte  rift  lie  tor  tlic  drup. 
Even  in  llm  oise.  Ihc  [loiion  as  a  rule  ai;ls  »rlcclivi;l_y  on  several  structutei..  Tha 
■CCaMinti  for  the  Krenl  variability  which  a.  often  hern  in  the  action  of  the  same  drug 
undo  (liflerent  coaditions.  Thus,  alropiu  stimulates  the  vajius  ceottr,  but  paralyica 
tlw  cnduics:  it  may  therefore  cautc  either  a  quickening  or  a  slowing  of  the  pulic. 
Aa^n,  Uuou)|:h  the  opposed  action  of  smalt  and  l.irjte  iJoKi,  strychnin,  t.i.,  may  r.iuge 
dOMV  «  idmulation  or  »  paralysis  of  the  vasomotor  tenter.  AnoUier  frequent  cause 
of  virisble  actions  lies  In  thr  indirect  actions  of  it  drug,  h  drug  which  causes  con- 
vuUoas  will  thereby  tend  to  sllmuUlc  Ihc  vRsomotor  center,  although  its  direct  action 
on  tlui  c«nlc«  may  be  dcpresMnl. 

These  variable  actions  and  interactions  make  the  effects  of  many 
poisons  appear  very  complicated,  although  iht-y  prove  quite  simple  on 
analysis.  This  anal>'sis  is  very  important  for  a  proper  understanding  ai 
the  action,  but  it  is  still  more  important  to  remember  the  complex  cflcctfl 
whidi  result,  for  it  is  with  these  that  the  practicing  physician  has  to  deal. 

Q^len  tht  pharmacoloik  action  in  tkii  stnie  i.t  not  Ihr  thrtitpfuti<  atllati.  A  very 
important  pbatmamtuKic  action  of  morphin,  lur  innlancc.  is  a  siimulation  o(  the  spinal 
oonl;  but  ai>  one  would  lldnic  of  employing  the  drug  ihcrapeulicaily  for  this  purpose, 
•ince  thb  action  is  entirely  overdiadowed  by  ils  other  cfTccta, 

Fot  this  reason  it  would  not  be  a  good  plan  to  classify  the  diums  strictly  according  to 
their  pbarmacolosic  actions.  ()n  the  other  hand,  a  theriifentic  elasiijicalion,  altboush 
umIuI  in  eome  n'spects.  in  not  favorable  to  a  fludy  of  tnc  underlying  actions  of  llir 
drUKS.  and  tends  to  em|Mticism.  The  best  principle  of  cla«ifitaiion  yet  devised  is  that 
<>(  Bucbbclm.*  a«:ordinK  lo  which  drugs  are  jrroupcd  according  10  their  principol 
phsfiaacolagtc  chAroetrn.  talcing  account  of  all  the  important  actions,  as  well  as  of  the 
cbcmk  pnrpcTdcA,'  and  in  many  cases  also  of  the  therapeutic  uses  of  the  drugs.  Tliis 
is  the  geoeml  plan  adopted  in  thi;  volume. 

Definitions  of  Pbannacologic  Tenns.'—Some  rather  loosely  used 
phArmacologic  term.-*  may  be  deHned  in  this  place,  in  the  sense  in 
which  thc>'  are  generally  employed  in  this  volume: 

Loaii  actions:  produced  at  the  place  ^ffhe^e  the  drug  is  applied;  Remote 
adions:  occurring  in  distant  paru  of  the  body  (may  be  cither  systemic 
or  reflex);  Syitemic  r^rdi  (sometimes  called   general  action):  produced 

■  BuchfatiJeD  m^T  ha  dunhidiTTid  th*  founder  n(  Enoclcni  (ihsrinicutoirv.  by  Ih*  csl*t>liiltinrDt 

*  JOrvss  nf  vwrr  dilffrem  cifMhk  ctiAfhftvr  olXfa  a^^it^l  to  h^tY  id^nciCHl  aclffifif.  Thui  Ih* 
■etiMi  o(  (IiTCbiUn  meisbla  ttiatof  limnui  tmin,  arKmv  that  otchoUra.  bsrium  ttiscof  digital  »- 
Iti  toBM  cAvm  tho  ftc-ti.Tn  tiia^r  hv  tupi>aa*il  to  \v  ntilly  idnlical,  bat  id  citlid  the  fc^cmblkflce  is 
a«MlyHp*Hlciil. 
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after  the  absorption  o(  the  drug  into  therircuLiiion;  Dire(4^Kts  {*ometixae» 
caUed  primary):  produced  t>>-  thu  direct  action  of  the  drug  on  the  tissue 
concerned:  Indirect  e^ecU  (somelimes  called  secondary),  are  not  produced 
by  the  action  of  the  drug  on  thj;  tissue  concerned,  but  by  the  intervctttJoa 
ot  some  other  structures  on  which  tlic  drufc  act»  («.j.,  asphvxial  convulsions 
are  an  indirect  elTect  of  asphyxiant  poisons);  Refitx  ejects  are  indirect 
actions  ari^ne  from  local  irritation;  Immediate  ejjetls  (also  sometimes 
called  primary)  art  the  e(Tect&  resulting  itt  once;  Lale  e^cttt  arc  thotte  occur- 
ring later;  if  they  are  preceded  by  other  (immediate)  actions,  they  are 
properly  callc<)  secondary  actions.  Sule  aciiom  are  actions  which  are  not 
desired  in  the  thcra[>eutic  use  of  the  drug, 

LocalizatioQ  of  Action. — The  effects  of  drugs  on  patients,  or  in  cases 
of  poisoning,  are  by  far  too  complex  to  furnish  any  real  insight  into  tlie 
actions  which  arc  involved.  To  attain  the  object  of  pharrnacology— 
the  explanalion  of  the  action  of  drugs — it  is  indispensable  to  simplify 
the  conditions  as  much  as  possible,  and  to  make  the  functions,  whicn 
are  to  be  studied,  accessible  to  measurement,  and  if  feasible,  to  graphic 
representation.  The  methods  of  exiicrimental  ph^'siology  are  employed 
for  this  purpose. 

The  Stmy  of  Isolated  Sfructurts. — ^To  eliminate  the  complications 
which  arise  from  a  amultaneous  action  on  several  structures  or  from 
indirect  actions,  the  tissues  to  be  stuilicd  are  generally  isolated.  The 
most  certain  method  i«  the  actual  anatomic  isolation  of  the  structure. 
Drugs  of  known  antagonistic  actions  may  also  be  utilized,  but 
more  apt  to  lead  to  erroneous  conclusions. 

The  nnittORUc  iwlatinn  may  be  accompUihcd  by  cmplojrinii  unJcdhdu  i  . 

it  the  action  on  uiidifltrtiiiiainl  protoploun  i«  to  be  invesligattd;  or  by  ■'■■"■B  dM 
iIhiw  (u  DtuKlc,  cic.)  from  the  body;  or  by  applying  the  drug  to  tbe  expoud  tliaue 
If.g.,  tot  sympalhrtlcipinglJoD);  or  by  severing  the  caonectlon  with  other  iiMun  whJtl) 
migbt  be  ^Reeled  (oi  by  Hctiora  oi  a  nerve);  or  by  rctlricting  the  action  al  «  drug  to  » 
p<ftn  nut,  by  cutting  oS  the  ciKulniion.  la  some  ctues  it  suffices  to  confine  the  ob- 
MTvallon  to  tbe  structure  to  be  studied. 

One  or  the  other  method  of  iiolation  may  be  employed,  according 
to  circumstances;  that  giving  reliable  results  with  /A<*  least  dfffieuUy  u/ 
UeJmie  being  naturally  preferred.  Complete  isolation  is  in  many  cases 
sii;><Tfliiciu».  If  the  question  is,  for  instance,  whether  an  observed 
stimulation  Is  on  a  ccnual  or  on  a  peripheral  structure,  it  suffices  to  divide 
the  nerve:  on  an  efferent  chain,  this  will  abolLsh  the  effects  of  a  central 
stimulation,  whilst  those  of  a  peripheral  stimulation  will  persist.  With 
an  afferent  diain  the  conditions  would  be  reversed.  By  making  sections 
at  various  levels  of  the  chain,  the  location  of  the  action  may  be  accurately 
determined.  Wlicn  the  structures  to  be  investigated  arc  inacccsdblc 
to  tbe  scalpel,  one  may  substitute  drugs  which  are  known  to  paralyse 
these  structures  selectively  (curare  for  the  endings  in  striped  muscle; 
ni<olin  fur  gangli;i;  alrnpin  for  endings  of  the  vagi  or  sympathetic,  etc.). 
The  site  of  a  paralysis  is  similarly  located  by  successive  stimulation. 
The  stimulation  is  accomplished  by  electricity  or  by  appropriate  drugs 
(cptnephrin  for  sympathetic  endings;  muscarin  for  vagus  endings; 
cajrpin  for  glands;  barium  for  smooth  muscle,  etc.). 

A  tew  examples  nill  mftke  ihif>  general  method  clear: 

I,  ^Iryciliniii. —  It  it  noted  that  att)vlinin  imxliKCfi  a  (ctanu».  Thit  Implies  a  did 
stimulation  tomrvhciv.  The  tcintic  nerve  ii  cut:  it  a  found  that  the  ooaviiln 
diMppeu  b  the  leg  but  persist  in  the  icsl  of  the  body.     The  action  mutt  therefore  be 
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f<mn1.     Tbe  cctcbrum  and  medulla  are  svcMMivcly  cxciMd;  the  convulnoux  pcnlM, 
I  ud  ntut.  by  cxdiUMD,  be  locjtttd  in  the  coiil.     This  U  coo^troed  by  ilMtroying  lli« 
coed,  whkb  c»WM9  tbo  complctu  ilisappcaruiKr  <>(  llu-  irUniu. 

1.  Cardra. — Tbis  producM  a  complcic  muscular  pnnlyu*.    Siinitilutlon  of  (he 
•duic  (UdtB  no  K*pflBK.    the  pamlyMt  mu*l  Ihcri-furc  br  pcripJicral.    Uimt  stimu- 
Ulim  d  Uui  moxk  is  «Scctivir.     Thia  escludei  all  lh«  puisibk;  slrucHiro  ciccpl  ihc 
tmnk  and  cadiogn.     The  ncn'c  of  another  pivpitrition  is  laid  inlu  the  cukk 
to,  aad  mhtr  a  lime,  i^  ftlimuUti-d;  a  tonlraction  reutts,  m  that  the  Dcrve  trunk 
I  panlystd.    The  oclioa  miut  Uicrcfi>rc  be  on  the  cndingt. 

U  «  peripheral  structure  is  stimulated  or  paralyzed,  it  is  impossible 
todeciitc  bj/  this  method  whether  then;  is  nut  aUu  a  central  action, 
(or  (be  pcnphcral  effects  would  obscure  the  central.  A  stimulation 
of  the  cord,  for  instance,  could  cause  no  effect  if  the  drug  had  [>araly2ed 
Uie  fsotor  endings.  In  these  instances,  it  is  necessary  to  confine  the 
tttJon  of  the  drugs  to  tbe  centers,  whicli  requires  a  more  complicated 
tcchnic. 

Tbe  Study  of  the  Efiects  of  Drags  on  Intact  Nonnal  Animals.— A  romplele  con- 

mtioixri  the  actiuD*  ot  a  dmg  can  bt.oblainifd  unly  by  sutipU'inenlinK  the  iitudy  ol  ils 

dttcta  on  tuUtcd  xtnicturct,  by  careful  obscn-alion  ana  analyns  of  the  sympioim 

tticb  tt  products  In  inUct  mammali.    The  eflKt*  on  rn^nboliim.  and  the  fttttolosic 

kjjmn,  etc,  caM  only  be  itudied  b  this  manner.     Indeed.  iIkk  etpi-riinenls  are  often 

mit  I  liltlil  before  the  more  difficult  invatigatinnt  on  boktcd  siructuro;  (of  Ihey 

fcoaisli  valuable  bints  vl  Ihc  dtrection  whirh  the  IniteT  should  lake.    When  drcum- 

iMirrfcAcriBit.  it  it  tdviuthle  to  proceed  [rum  ihc  lower  to  th«hisherdaBwtotanin)al&, 

m)  Euully  U>  nu.     Oppottunilicji  for  obKrving  Ihf  effetit  af  dratf  en  mdii  arc  (rec|Ucnt 

ta  taan  m  pobonln^,  and  »hoiuld  not  be  neRlrclcd;  but  intentional  experiment!  with 

dr^  OS  nan  are  to  be  undertaken  only  with  the  Riratett  cnutioa,  with  dosM  which  do 

Bol  ncml  tbe  tbcrnpeutic  oauiaa;  aadt  as  a  rule,  only  After  the  cllccts  bat-e  been 

ftMMshlv  studied  on  animih. 

Tlie  EBect  of  Drugs  in  Disease. — The  action  of  drugs  is  not  alwa>-s  the 
saw  in  disea^  as  in  health.  The  difference*  are,  tiowever,  aa  a  rule 
qutRlitaiive  rather  than  qualitative.  Since  the  drugs  arc  in  practice 
CBVlDjei)  most  extcn-sivdy  in  dlsea.<Mt,  llicir  action  in  these  conditions  Ja 
I'l^jnatcst  importance.  As  a  general  rule,  it  is  iKxwible  to  explain, 
orfota  to  predict,  tbe  action  of  dru^  in  disease  from  their  action  on 
"nnil  iiwue».     Ho™e%'er,  the  actual  test  must  always  be  made. 

■UadfxperiBicnt*  arena  yet  of  lunitcd  value  in  thiaconnection,  and  veorc  forced 
Mnhr  nloly  on  obtcrvatiotis  on  paticni».  To  make  these  of  any  valtic  it  is  in  the 
■MflMtMenBary  (hat  ibc  ob«nvations  be  made  ^'ery  accurately  and  that  all  piychic 
tambt  riduded:  it  U  Cuitbcr  n(xe«aiy  that  tile  existing  pnlbolagical  condition  be 
Wjcdr  known.  Tlww  rnguirrmtnis  are  unlorlunalcly  nut  (ullillcd  in  many  cue*. 
*w  accowntj  in  part  tor  the  diHercnce*  which  ore  occasionally  noted  between  tbe 
drial  tod  the  experimental  dam.  These  exnptlons  will  be  dltcuMcd  tn  the  text. 
^bthicaMOJ  all  the  oLdei  dru^,  clinical  tc*ta  have  been  made  an  abundantly  that 
■naohtervationa  would  aeem  aupctfluou*.  Thii  is  by  no  meana  the  catc.  Accurate 
"'■■ntiMit  in  tbe  light  of  our  advanciag  knowled^,  and  employinn  the  improved 
^^N4al  lUa^noMi  and  obiervation,  ore  alwayi  nc^ed. 

Uhilw  baJUy  dedrable  that  cveiy  physician  should  obtain  hix  knowletljce  al  the 
IJMIpnnk  Ktion  of  dtupL  at  firsthand.  HeshouldutiUieevery  cane  under  hi*  care  for 
"^•jeee,  Snd  conduct  his  trcalntenl  ax  if  it  were  a  critical  experimcnl,  the  interests 
■  uf  (Mini  bdnc.  of  course.  pAramount.  The  concluriont  win  be  greatly  simplified 
' 'S**'  'If^  is  used  at  a  lime. 

.  Q— k  IvteMicatietu.— Since  tbe  action  of  drug*  depends  lo  largely  upon  their 
'J*'"  iMiMhirAM,  the  laiK-r  is  a  Icgitiinate  subject  of  phaTnaacologtc  inquiry.  The 
"■Ttf  the /oif  (jT  tht  Jrut  in  the  body,  of  the  mttJtamiim  ef  Itt  lAiorfilion.  ritrelion, 
**■  '>'«|r,  H  alw  inditpcmahle.    Theie  involve  the  methods  of  quantitative  chemk 

.  iMlfc  of  Results  of  Aalnul  Bxpeiimeatatioo  to  Usa.— The  utititarian  aim  of 
l"**Nalecy  ii  to  sui^pl)'  the  tdelkce  of  rocdicioc  with  a  rational  and  ttcicnllbc  basil 
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lor  ihc  itraciicc  o(  tlicraptuUcs  and  for  the  itudy  a(  toticubg)-.  Ii  wiu  sbown  la  tbr 
prei:cding  wijtinrt  thai  ihow  objctls  can  bt  altnincd  only  by  cxperiniCTilation  no  lonvi 
ai^ronk.  This  brtogs  up  ihv  fundamcitul  question :  To  vkat  eMtnl  caa  resiiil!  oittmJ 
tm  aniMals  br  Ir^nifarfd  lu  manf  Tlu'  Nimc  aurstlor^  Applies  lo  all  ulfacr  licUU  d 
caperimcntal  mcdic«l  rocjrch,  and  has  htvn  aDundantly  answered  by  thdr  rcsulu. 
A  timihr  pHyiiati'ify  imptia  j  simil^tr  piilbnlo^y  anil  pluirm«<«I^ty.  In  Ihr  fjtu 
majority'  of  cases,  similar  &tru<:turL-a  an:  ail«ctfd  in  the  lame  way  by  a  Jjiven  dnix.  bo 
matter  m  irlint  animitl  they  xic  studied.  Where  difference*  cxi«t,  they  can  maally  be 
explained  by  diflerenoci  of  |>liyM'>lt)]|^c  function,  ai  wilt  be  ditcuMcd  under  "lUcbl 
IduMyncnuy.''  Those  which  arc  not  yet  eipluincd  must  be  referred  to  our  ignorance. 
The  aiUcrenccs  In  animiilii,  phynologic  und  uuetplnincd,  nrc  now  xcn<Txl1y  re«i|[BlMd 
to  that  »uitablc  ii|>ccies  mi  be  choice  (or  cipetimentallon.  They  can  furtbermore 
be  eliminntcd  by  usins  the  drug  on  several  spedcs:  //  a  ghm  feisan  afetti  all  ipaltt 
oltke,  it  may  be  (on/hiArd  llul  ill  attion  on  man  h  otto  thr  same,  I(  il  produces  diflemt 
cBeclJ.  but  if  thnc  can  Im'  explained  by  didercnces  in  physiology,  Ihe  effects  on  nun  will 
be  rimUitr  to  those  produced  on  the  species  the  pbj'siolosy  of  which  nsembles  most 
closely  ihal  of  mnii. 

ValuB  tad  Limitations  o(  Bsp«riiiie(tt«l  Phajmacology. — It  will  be  Men  that  great 
care  mutt  be  used  in  applying  the  results  of  experimental  pliarmacolof;>-  lo  msn.  The 
ncitlcGt  of  thin  precaution,  the  drawing  of  far-renching  ronclusions  from  a  few  limited 
experiments,  threw  diicreiilt  on  pharmiicolotiy  in,  itt  earlier  days,  and  is  Mill  aeien  all  too 
freiiui-nlly.  Phnrmacolaey  can  nut  be  held  responsible  for  this  misappJicBtioa  of  its 
data  by  lialf-trainrd  cnthiuiast)^  Itt  Ki>pr  i' limited  primarily  toils  own  m>ults and  not 
10  their  application,  allhoutth  it  may  lep I i mutely  feugKnt  the  litter.  It  should  not  bo 
made  to  replace  the  sdcnce  of  Ihcrapeuiici,  but  should  only  nim  to  place  weU-siiHlitd 
tools  In  the  hands  of  the  latter.  If  tlii»  limitation  h  rcalLted;  if  the  therancullM  will 
carefully  study  the  results  ol  pharmacotuKy  and  will  utilize  and  interpret  tnem  in  the 
l^t  of  bedsiae  experience,  then  phoimacolog)-  will  be  of  vct)'  icreat  value  to  mediciar. 

Ooe  very  important  srr\-iri^  ih  rendered  by  pli.irmncolofty  throuich  the  examination 
of  new  remedies.  TTiC  development  of  synthetic  chemistry  especially  has  resulted  in 
the  diaoovery  of  a  very  large  number  of  new  subslnncesofaome  therapeutic  value.  Tbr 
number  Is  indeed  so  lartte,  that  all  cuulil  not  hricivrnnthorounh  trial  on  pallcnto.  Most 
of  thcic  subslnnccs  tiostess  some  value,  but  many  dillcc  from  each  other  by  ray  ia- 
HlRnificant  details.  In  thi»  nitc,  pharmacology  cAn  select  the  most  promising  diU)CS  of  a 
tvpe.  and  by  their  tboroush  study,  indicate  those  which  am  worthy  of  trial  Sy  Ike 
clinician. 

THE  ADMINISTRATION  OP  DRUGS  H 

The  effects  of  a  givca  drug  or  poison  arc  not  always  utiiforin,  but  varjr 
with  coiitliiioiu;  such  as  the  done;  ihe  absorption  and  elimination;  the 
method  and  time  of  adminislration;  the  simuUatieou^  presence  of  other 
substances;  the  age,  scjc  am!  race  of  the  patient;  the  existence  of  disease, 
etc,    A  knowledge  o(  these  variation.*  is  verj'  imporUnl. 

Methods  of  Admiiiisteiiag  Dni;g8. — The  channel  by  which  a  drug  b 
introduced  into  Ihe  body,  or  the  place  to  which  it  Is  applied,  must  vary 
twith  the  object  lo  be  secured— whether  the  action  is  to  be  local  or  systemic; 
the  desired  rapidity  of  absoq>tiun;  the  neces-iity  of  avoiding  irriialion  of 
certain  organs,  etc. 

Local  ApplkaHoH. — Drugs  may  be  used  locally  cither  to  protect  a  sur- 
face, or  for  reflex  efTect.  or  a.-*  antiseptics,  or  as  ^timulantii.  They  may  be 
applied  to  Uic  skin  in  various  vehicle*:  It  it  is  desired  lo  secure  ihc  absorp- 
tion of  the  remedy  or  its  deep  penetration,  vegetable  or  anirnal  oil  ma^l 
be  iBcd,  preferably  adcps  lanx  hydro»us  (lanolin).  The  influence  of  ibc 
ointment  ba.->c,  however,  varies  for  different  substances  (^uerland,  1913). 
Where  the  local  effect  alone  is  required,  the  mineral  fat$  (petrolatum  or 
va.4elin)  may  be  employed.  The  reme<ly  may  also  be  placed  in  aqueous 
solutions  (washes),  especially  if  intended  for  an  antiseptic;  or  it  can  be 
u»cd  in  powder  form.  (Caustics  may  be  used  either  as  solids  or  liquids. 
Counterirrilants  are  u.<ted  as  liniments,  t.if,,  dissolved  in  oil,  turpentine,  or 
alcohol. 
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Ahsorpiii>n  from  i'Jtiw.— Local  application  lo  the  akin  can  be  used  for 
producing  general  effects  but  it  Is  onij-  employed  in  those  cases  (mercury 

'  with  some  patients)  where  the  stomach  t^  to  be  avoided  and  sub- 
cutAneous  admiimtralion  is  not  practical.  The  principal  objection  lo 
the  admini§tration  of  drugs  by  the  surface  of  the  skin  consists  in  the 
uncertain  itbtmrption,  an  exact  dosage  being  in  consequence  impossible. 
The    absorption    is    greatest    where   the   skin   is  most  delicate;  in  the 

.axilla,  loin^,  and  the  inner  surfaces  of   the  extremities.     Ahsorplion  iit 

'  sided  by  friction  and  cleanliness. 

Walay  tuIiiliWt  arc  not  ab»Mb«d  from  the  skin,  unlcn  the  drug  it  causae.  The 
rcasoti  for  thU  non-ntiwrption  lies  in  the  fact  Ihnt  Ihc  untlum  camriim  i>f  the  epidermis 
ill  piacticxlly  n«n>|H.'rmt*iil)le  to  folutiuns.  Ab^urjifiuil  must  laki!  place  through  Ibe 
gtandulor  itructum  of  Ihc  ikin.  and  thc^e  nre  ^llcrl  with  (ntiy  matter,  whirh  prrvcnts 
the  pcnrlnlion  o(  watery  soluliong,  but  nol,  of  course,  vt  oilier  fats.  However,  when 
the  (kin  hai  been  materatcU  for  several  hour*  it  may  obwub  some  tnlt.  It  nlw  ah- 
•orb*  H:S  >nil  other  unMi. 

It  must  be  borne  in  mind  that  tiic  application  of  solutions  to  open 
■wounds  or  abraded  surfaces  is  practically  the  same  as  subcuianeous  injec- 
tion, and  absorption  occurs  in  thU  case  very  readily. 

Ixical  medication  may  be  u.sed  also  on  other  surfaces  than  the  skin,  if 
^thcy  arc  accessible;  e.g..  mucous  mrmbrftnfs.    Thtv  arc  usually  applied  as 
]ueou9  solutions  (injections,  washes,  and  gargles). 

Ctlatharrtii. — This  process  has  been  employed  in  cientiatty  lo  facilitate  the  pcne- 
■  IMtMK  M  Cncun,  bul  it  ha<  not  as,  yet  found  vcr\'  e^len^vc  adoption  in  medicine  And 
lery.     It  i»  a  proccH  by  irhich  the  molecules  are  carried  from  the   +  to  the  -^  pole. 
•Mutioiii  to  M  introduced  must  pouess  i.  higher  conductivity  thiin  the  liquid  ot 
Ibe  dwaes. 

Sprays. — Vapors  and  finely  "atomized"  sprays  are  inhaled  for  their 
local  action  on  the  respiratory  mucous  membranes.  They  must  not  be 
too  irritant. 

To  reach  the  lower  air  pjuuges,  tbcy  should  he  intudcd  deeply  with  the  nofitrik 
the  mouth  wide  open,  snd  the  tonjtue  prolcuded.     Kven  w>,  the  numerous 
chine  surCacn  prevent  the  spvay  frorn   reaching  any  but  the  larger  bronchi 
(SemiiMh). 

Inkalalion. — This  method  is  used  only  for  gaseous  medicines,  such  as 
anesthetics  or  ox>'gen. 

When  giving  drugs  by  inhalation,  it  must  be  borne  in  mind  that  the 
effect  docs  not  depend  upon  the  quantity  given,  bul  the  concentration  of 
the  gas  and  the  time  during  whicli  it  is  .id ministered.  The  rich  capillary 
area  of  the  alveoli  is  one  of  the  best  absorbing  surfaces,  so  that  the  action 
if.  ver>-  rapid.  The  lungs  also  absorb  fluids  and  dissolved  substances 
rapidly,  if  these  are  inUoduced  through  the  trachea. 

Oral  AdminixtTatUm. — This,  the  most  ancient  method,  is  still  the  stand- 
ard one.  Its  advantage  lies  in  its  great  convenience  and  in  the  absence 
of  local  irritation.  Nevertheless,  certain  drugs  do  give  rise  to  disturb- 
Slices  of  digestion.  This  can  be  avoided  by  giving  them  in  such  a  form 
that  they  will  not  he  dis.solved  in  the  stomach  (pills),  or  by  giving  them  at 
a  lime  when  the  stomach  is  filled  wnth  food.  Absorption  is,  of  course,  de- 
layed in  these  cases.  Pills  should  never  be  employed  for  insoluble  powders 
or  for  corroMve  drugs  which  require  dilution. 

^islW^^^Ml/ro»l,^^'»lcwi<JryC(I«a/.— The  absorbing  power  of  the iftMBaM 
15  relatively  low,  even  lor  water  and  soluble  substances  (Hirsch,  iR<>');  *•> 


86 


MAJOjAt  or  pharhacologS 


that  the  main  absorption  does  not  occur  until  the  dnu;  has  reached  the 
small  intcstinei.    The  eflecti-,  with  gastric  administratiOD,  arc  therefore 
rdalivoly  slow.    The  passage  is  quickest  if  the  drug  is  taken  fasting  in 
watcn  somewhat  slower  with  milk,  soup  or  wine;  slowest  after  eating,  cs^j 
pccially  when  administered  dry  (Morilz,  1898).  IT 

The  conditions  in  the  smail  itUestines  arc  very  favorable  for  absofpUov? 
being  aided  by  the  long  sojourn,  the  extensive  surface,  the  folds  and  villi, 
the  segmental  movements,  etc. 

Tbv  rdatm  tSU  cj  tht  itom^ch  and  intf stint  la  nbaorplion  vnriu  (or  diflercat  drup 
and  «^it^all^.  Str>xihnin,  r-g.,  'it  nbsorbrd  from  llic  ilomach  nilh  dciKS  and  cats,  but 
not  tt'iih  iHbbits  and  guineik  pitn;  whereas  sodium  Mlicylnic  and  indid  give  juiit  the 
oppmite  PMutt.  Inoyc  and  KMhiwado  (loojij  have  tiliown  Ihnl  ntropin  and  fhubarti 
ktc  ntA  absorbrd  from  thr  don't  atomach,  wnlut  ml<j\  k  absarbed,  Thv  data  an  to  man 
are  iDiu9iciml. 

.  Certain  drugs  arc  more  or  less  destroyed  in  the  alimentary  tract, 
/.(.,  toxins  and  antitoxins,  so  that  oral  administration  is  relatively  ineffi- 
cient. GlucosirU  arc  also  partly  destroyed,  so  that  the  oral  dose  must  be 
larger.  On  the  other  hand,  firugs  which  require  the  action  of  the  diges- 
tive juices  for  their  solution  (resins,  oils,  etc.)  arc  more  efficient  hv  mouth 
than  by  other  channels.  The  oral  route  is  of  course  the  only  one  lor  drugs 
intended  to  act  locally  on  the  upper  parts  of  the  digestive  tract. 

Rectal  Adminhtralion. — Tlic  stomach  and  small  intestine  may  be 
avoided  by  giving  the  drugs  per  rectum,  cither  in  the  form  of  enema  or 
suppctsi lories.  The  rectum  is  a  f.iirly  good  absorbing  surface  for  many 
soluble  substances;  so  that  the  effects  arc  often  greater  or  more  prompt 
than  with  oral  administration  (/.».,  for  salts,  narcotics,  etc.).  The  al^ 
sorbcd  drug  also  avoids  the  passage  through  the  liver,  and  the  consequent 
destruction. 

Pjitmala,  ichca  introduced  Tot  the  abnorption  of  the  medicine,  thotild  bcaKunalla* 
powiblc,  but  nut  so  Mmng  &*  lo  produce  1'>ciil  irriiniit  cOccls.  One  or  3  outicct  la  uauatly 
tbe  (iroptrr  quantity,  the  rectum  beinx  lint  ile;iiistd  with  warm  water.  When  enemata 
are  employed  (or  their  mechanicBlcHecti^,  the  umount  mu«t,a(courM.  bemuchgrealtt — 
I  or  9  plntt.    Tlictc  tliuuld  be  raised  to  tbc  bod}'  temperature. 

ConjuttcJiva.  Vretkra  attd  Vagina. — The.-*  are  very  good  absorbing 
surfaces,  so  that  systemic  cBccIs  often  follow  local  application  (vagina; 
Menges,  1906).  lodid  is  also  absorbed  from  the  uterine  ca\ity  (Higuchi) 
190S), 

Su&cutanetwi  or  Uypodermic  Administration. — The  injection  of  solu- 
tions tlirough  a  hollow  neeille  into  llie  loose  subcutaneous  tissue.  Il  has 
the  advantage  of  being  quicker  and  more  certain  in  its  elTecu,  and  the 
dosage  is  more  exact  than  can  be  secured  by  any  other  method.  The 
principal  objection  to  it  lies  in  ttie  fact  that  while  it  is  not  ver>-  painftil 
with  some  metlicincs,  it  is  vcr>-  much  so  with  any  Irritating  substance- 
There  is  also  a  tendency  to  abscess  formation.  This  is  frcfjucntly  due 
to  deficient  ascpftis,  but  certain  substances  (protoplasmic  poi^onsJ  pro- 
duce abscesii  formation  even  with  the  most  rigorous  asepsis. 

H\Tiodermic  injections  are  generally  made  into  ihc  forearm,  arm,  thigh. 
or  nates.  For  very  bulky  injections,  e.g.,  for  antitoxin  or  (or  saline  solu- 
tion, the  loose  ar<«far  (issue  of  thesubKapularor  mammary  region  is  chosen. 
The  subcutaneous  dose  may  often  be  made  somewhat  sm^cr  than  the 
oral  docie.  The  rapidity  of  absorpiioH  from  h>'i)odermic  injections  may  be 
hastened  by  massage,  by  distributing  the  injection  over  several  places, 
and  by  dissolving  the  drug  in  a  small  amount  of  fluid.     The  concentralioD 
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in  salts  should  not  exceed  Ihal  of  the  blood,  or  the  injection  will  be  nain- 
tit\.  Notmal  saline  solution  is  the  least  irritant  solvent  for  alkaloids. 
Subcutaneous  injection  is  naturally  inadmissible,  if  hcai  ei\ecX»  in  other 
parts  of  the  body  are  desired  (e-g;.,  for  stomachics,  cathartics,  locally  acting 
emetics,  etc.)- 

Hypodtrmic  injection  iras  probably  first  prncticcd  by  E.  Rynd.  1644,  but  wu  in- 
Itoduccd  pncticully  by  Alex.  w.  WiMd,  in  iSsj.  l'rav;is(iivcDtcil  hi^syrinjceln  iSjj, 
for  the  injcctiiHi  of  oncumms  (Macht,  i[)i6). 

IfUraMHscuiar  tnjcclions. — These  are  made  by  thrusting  the  needle 
through  the  sldn  deep  into  the  substance  of  the  f[lutea)  or  lumbar  muscles. 
The  absorption  is  more  rapid  than  with  subcutaneous  administration 
(Melt;e«r  and  Auer,  1904),  and  the  irritation  and  tendency  to  abscess  for- 
mation are  less.  Auer  and  Meltzer,  iQii,  advise  the  sacro-spina I  muscles 
in  preference  lo  the  gluteal,  as  giving  belter  absorption  wIili  less  pain 
ana  other  complications. 

StAmmal  Injtdion. — Inji-ctlon  under  the  ntucoiu  mcmhnuic  of  the  nasal  Mplum 
^ves  eitrecncly  lapid  absorptian,  the  eCrn:ieacy  iippruaching  intravenous  injecUun 
^Pilcbcr,  1914,  19151- 

lMtrapaiMn<«i  end  inlrnplrural  injfftiani  arc  lucd  in  cxpcrimentsl  Iccbrtlc.  and 
reaenUe  Kubcutaneuus  injeclioiis.  llic  iliu^  being  abtorbed  more  rapidly.  Inini' 
peritoacal  injections  in  man  have  been  raadc  by  Schmidt  nnd  Meyer  (1905),  but  «rc  nol 
recommended.  The  pluurn  nh«.[lK  through  [he  parietal  And  pulmomiry  surface; 
bat  tbe  ab«Oirptian  is  less  ihun  irom  the  peritoneum  {N.icgpU,  igii).  In  both  mem- 
brants,  it  occurs  by  the  bluud  mtlier  llian  lymph.  Gravity  playa  a  pari,  the  atuorp- 
tlun  being  rather  better  with  pelvis  down  position  (Dnndy  nnd  Rowntrec,  IQ14)- 

Tnlraftricarditti  /"y«(ioiu.— Solutions  are  quite  rapi'Jly  absutbcd  from  the  perirardinl 
**c  into  tbe  beart-muscle.  Guiid  and  Martin,  1913,  suggest  that  this  could  be  utilized 
In  epui(|>hriD-re»u«diation. 

Injections  into  the  trachea  arc  very  rapidly  absorbed  through  the 
alveolar  capillaries,  and  act  more  like  intravenous  injuctlons.  They  also 
cause  asphyxia,  and  are  not  used  iDtcntionally.  Tracheal  sprays  are 
used  for  local  effects. 

I iilrat4retriil  iufutions  iLe.,  into  the  tiubsUDce  o(  the  brain)  have  been  usodeiperl- 
B»eii tally.  Tbe  injections  are  at  once  conveyed  to  the  ventriclu  and  produce  local  and 
mecbuucal  tfftdt  often  different  from  the  syvtctrtlc  action  of  tbe  druK- 

Subdurat  tnjntioni.— These  are  used  if  the  drug  is  to  act  directly  on 
the  spinal  cord,  especially  for  spinal  anestlicsia.  The  tcchnic  is  that  of 
lumtm  puncture,  some  cercbro-spinal  fluid  being  withdrawn  before  the 
injection  is  made.  The  procedure  is  dangerous,  since  the  poison  may 
produce  local  effects  or  be  conveyed  <lirectly  to  the  medulla. 

The  aboofplion  of  quinin  and  atropio  from  the  cerebro-ipinal  fluid  u  almoiC  a.i  rapid 
ms  if  they  were  injected  into  n  vein.  It  occurs  probubly  by  the  blood  (Dixon  and 
MaOfbortoo.  iqi^).  Iriitaliun  of  the  meninen  aoes  not  modify  thealnorpUoD  (for 
sAlvaiuo.  SioUman  and  Swift,  1915).' 

ItUratttums  Administration. — This  is  often  used  in  phannacologic 
experiments.  Clinically,  tt  has  been  tried  in  recent  years  (F.  Mendel, 
1908).  fts  dangers  restrict  iu  application  mainly  to  emergencies  when 
an  immediate  action  is  necessary  (strophanthio),  or  where  other  methods 
are  not  applicable  (salvarsan). 

Intravenous  Injection  was  tried  Tathcr  eilenxivcly  in  tbe  seventeenth  century,  but 
its  modem  apftUcatiuD  dates  f rom  Landerer.  1881  (hiitorj-,  Epstein,  1015;  Mscht,  t<»i6). 

WbUr  it  n  the  <iuieke:<t  u-ay  of  securiiij;  the  action  of  the  subtilanci.-,  the  slight  opctn- 
tiofi  required  b  some  objection.     There  arc  aUio  more  serious  daniren.     Air  may  be 
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introduMd  ioia  Uk  vein,  and  while  Ibe  prcwncc  ol  a  snull  bubble  of  «b  la  the  i 
lion  ol  a  man  it  not  as  dangcruu*  u  in  that  o(  s  nUibit,  it  nay  lead  to  vtry  Mtioui 
remilu.  The  action  at  druei  Injected  intravrnotuly  may  be  qvitr  dilTirr«nt  Ihui  »b«i 
Ulccn  by  otiicr channels.  They  ^v I  ujxin  Ihi-hcxrl  morcdlnctly  Kad  withleasdButlon. 
Many  subctancoi  nlM  hav«  thv  property  of  clotting  Ilie  blood,  and  uoiea*  the  ~  ~  ~ 
(ration  be  very  skilfully  done,  the  nmilt  might  be  diuatroiu. 


CONDITTOHS  INPLUEKCinG  ABSORPTION 


The  time  required  (or  abiwrpiioii  into  the  body  and  into  the  cdb 
varies  from  a  few  seconds  {e.g.,   Iiydrocyanic  acid),  to  several 
{e.g.,  lead).    The  rapidity  of  absorption  tlejicnds  upon  the  nature  of 
drug,  the  place  of  administnition,  and  a  number  of  accessory  factors. 

Place  of  AdmlnisttatioB. — Abtorption  of  druj^s  [iiuy  occur  from  ibr  alimentary 
canal  or  from  other  mucous  surfaces;  from  lubcutaneoiu  liaiue  or  leroui  uviiin;  from 
the  alveoli  of  the  lungs  (Rases  and  volatile  lubatancei)-,  a  limited  number  of  substances 
may  also  be  absorbed  (ram  the  intact  tidn.  The  inBueoee  of  the  |dace  of  odminislra- 
tloB  has  been  discuascd. 

Solubility. ^>nly  soluble  dru^s  can  be  absorbed  (except  the  unall 
quanlitic!^  taken  up  by  phagocy to^s) ;  but  the  solubility  in  the  protein 
cx>iitaining  Quids  of  the  body  is  not  necessarily  the  same  as  the  solubility 
in  water.  The  solubility  may  also  be  modified  by  chemic  changes  is 
digestive  canal. 


% 


Solid  SuMaiur4.^Tiirsc  ftre  priiolicaUy  unabsorbable  from  Uie  alimentary  tract, 
although  Koellickcr  and  many  otherij.  an  feeding  rabbits  with  carlwn,  fouad  partli 
in  the  prevertebral  and  mesenteric  ganglia. 

There  is  alwaji  couBlderable  uncrrluiiily  in  the  sbsoiption  of  solid  substances, 
vhen  tlicy  are  toluble.     They  thould  therefore  be  avoided  unlets  a  vety  slow  actios 
dcdrcd.     Free  dilution  i»  fsvonibic  to  absorption. 

Influence  o(  Colloids,  Etc. — Oil,  gums,  extractives,  kaolin  and  oi 
colloids  hinder  absorption,  partly  by  ad.sorplion  of  the  drug,  partly  by 
hindering  its  accctit  to  the  absorbing  stirface.  The  presence  of  food  in  the 
alimentary  canal  has  a  similar  action.  Tlie  isolated  active  constituents 
(alkaloids,  etc.)  are  preferre<)  if  a  quick  !i>-stein!c  action  is  desired,  whilst 
the  galenic  preparations  (extracts,  tinctures,  pills,  etc.)  are  used  for 
local  effect.  In  case  a  crude  drug  contains  several  active  ingredients, 
the  employment  of  the  isolated  constituents  wilt  give  more  definite  results. 
On  the  intact  skin,  absorbable  oils  facilitate  the  ab.Horption  of  other  sub- 
stances dissolved  in  them;  alcohol  usually  has  a  similar  favorable  effect  in 
the  stomach. 


I  adsorbing  jiowef,  rspiTially  for  sllialoids  -\niyinf(,  however,  bideeiM  with  diflcr- 
samples.  (Uoyil,  ]ui6J  The  pruprictitry  brund  "Alkresta"  is  bcinc  especially 
Atigated.    McGui^,  1914.  iound  thai  this  mixture  with  str>-clinb  is  utialubfein 
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FulUf'a  Earth  on  Alluloids. — rullcr'i  earth  [hydrous  oJuminum  dlicate)  hn 
highadv"--        _  , -11.,  /  .  .ii..i.;j,    — -_-  .. ■- .1 ... 

cnt  sami 

invvstisated  ,     ,    .    . 

add  fluids,  and  develops  the  bitter  l^ste  ((Uite  ilowly;  and  thnt  it  dcla}i  and  dlmto- 

ishcslbe  tetanic  actioom  frog*.    Kantu^.  ii)ii.  tinda  that  the  combination  is  not  dissolved 

in  the  stomach,  but  diwocUtes  cradually  in  the  inteslincfi.     He  aim  iav«sti|caled  the 

suitability  vt  the  earth  as  alltakHdaJ  aittidote,  and  found  it  very  limited-     It  is  somevhal 

improved  by  the  addition  of  tartaric  odd  or  acid  sodium  phoiphaie;  it  b  bichcsl 

aituiut  morahia,  cocaln.  nicotio  and  ipecac:  and  least cfiideol  a«a!nst  strycbain.  aeonilia 

and  colchicu.    The  cScctx  of  Kaolin  and  related  substances  were  also  investlKutcd  by 

Friedbcrscr  and  TsunMka.  tqij. 

Sabbatanl.  1913,  found  comsiderable  anUKonitm  between  Mr>-cluiln  artd  coUoUal 
carbon  (caramel)  when  mind  in  ntn.  The  nitravenous  injection  of  the  carbon  abo 
Fum!»hed  tonne  protection  af-ainsi  the  oral  adminisinlioo  of  strychnin;  but  this  waa  loo 
uncerlahi  fo«  practical  application. 


coirornoNS  inplitencing  absorption 
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V.  pMiluccl.  iQ'Si  thonrd  thai  fatty  subulnutri  (Jiicludinic  pctrDlatiim)  digiiniah 
Hie  toxicity  of  «trychnin.  both  hypodcrmirAlly  and  wtih  illTort  iip|)1i<alii>n  lo  the  nerve 
ceoteiv 

Conceotrttioii. — The  absorption  varies  generally  in  the  same  direc- 
tion as  the  concentration,  especially  for  hyjiodeniiic  Injcclions:  but  the 
relation  is  not  a  simple  one.  Absorption  tends  also  to  increa--<e  with  the 
cxicnl  of  absorbing  tur/ace  {e.g.,  by  making  multiple  hypodermic  injections). 
This  seems  to  be  less  important  in  the  intestines  (Sol)mann  and  Hanjilik, 
1911-1Q13). 

CbiSgM  of  the  AbMrbins  CeH.—ln  ihc  ullmcntary  c&nitl.  Injur)-  lo  Ihf  abtorbing 
cell  nwyi'itfarrfiidii talc urliiiidcr  absorption;  Bstringcnii  tend  to  have  the  lattef  effect, 
comsivcs  and  i^imiilc  irritants  Ihc  former. 

SoUnunn  and  llanxlik  have  found  tbnl  phenol,  nlcobol.  iodid.  and  probably  other 
*abnaiicc«  tend  to  inhilnt  their  own  absorption;  m  that  the  aWrplion,  at  liriii  very 
rapid,  if  promptly  do  wed. 

Circulation. — The  rapi<lity  of  absorption  is  proportional  lo  the  ra- 
pidity with  which  the  drug  is  removed;  just  as  a  burning  lamp- wick  absorbs 
the  oil  more  quickly  (Mialhe).  It  therefore  increases  with  the  rapidity 
of  the  circulation  and  of  the  lymph  flow.  Active  hyperemia  (hot  air; 
Klapp,  1901)  and  hemorrhage  hasten  absorption;  while  it  is  delayed  by 
venous  stasis,  passive  congestion,  deficient  heart  action,  vasoconstriction, 
catarrh,  etc.  Increase  of  lymph  flow,  by  moderate  dhlention  and  massage 
also  quickens  absonilion.  Excessive  <lislcnlion  diminishes  absorption  by 
slowing  the  local  lymph  flow  (Hamburger,  1907). 

Atoorptioa  in  AbMOCC  of  Cireulation.^C(>n«diriablc  absorption  occun  when  tho 
circulation  h.xt  (lopped.  Thus,  Mtychnin  and  morphin  itrc  absorbed  by  frogs  with 
tigated  hearts,  pruducini;  inU'rciting  mudificn  tious  in  their  actions  (Mi^ltxer,  tgtt- 
t^i  t).  Abel.  191],  and  Abe!  nnd  Turner,  i<)i4.  believed  that  Ihc  solutions  in  cardiec- 
tomiiicd  froic»  are  drvulalcd  by  tlie  lymph  hearts:  but  McItKcr.  1014.  Joseph,  igij, 
and  (liihcni  and  Meltier,  1915,  affirm  tliat  general  effects  from  the  local  injection  of 
kirychnin,  liKhun  orcplnephrin  may  occur  e\'cn  whrn  all  the  lymph  bc-arts  arc  definitely 
cx^txkd.  the  absorption  occurring  through  the  lymph  spaces. 

The  absorption  in  frogs  is  delayed  by  destruction  of  the  spinal  cord 
CFtlippi,  1913).  Consider.-ible  absoq>tion  occurs  also  in  dead  animals 
(Sotlmann  and  HanzMk,  1913},  probably  by  diffusion. 

AfcMCpttat  br  Blood  tnd  Lymph.— Most  soluble  substancvs  are  sbtorbed  from  the 
aHmentaiy  caaal  by  the  blood,  r^ither  than  the  lymph.  This  alio  holds  [or  the  seroun 
cavities  melhylcn  blue  injected  into  the  peritoneum  or  pleur.i.  (>tr  instance,  appears  >n 
(he  urine  before  it  is  8een  in  the  thnradcduct  (Startinjt  and  Tubby).  A  few  dru^s.  how- 
ever, take  the  iymphalic  path.  Telanua  anil  diphtheria  T<i\in,  .ind  pt-rhaps  other 
toxiru.  are  abiorbei!  from  the  local  injections  by  the  nerve  jhraihs,  and  reach  the  crntral 
nervoos  system  alonR  these  (Meyer  nnd  Ransom.  1003:  Meyer,  lo's;  C.  W.  Field, 
■  go;).  The^ie  toxins  arcf  more  active  on  hypodermic  or  intramuscular  than  on  intra- 
venoui  injection,  since  apparently  they  reach  the  nerve  center*  in  more  iwncentralcd 
form  by  the  lymph  than  by  the  blood. 

Sojoom  in  Btood. — This  is  generally  verj'  short. 

It  must  not  be  iorjj^otlen  that  a  drug,  after  it  has  been  absorbed  into  the  circulation, 
■cede  stiU  (o  penetrate  into  the  cell*.  Thift  inlraceilulat  absoqitinn  depends  upon  the 
nature  of  tbe  poltua  (selective  abtorDlionl,  and  to  wme  decree  on  its  concenttutioo. 
A*  a  nile,  it  ix  a  very  rapid  proccst:  MaKiin  (i<»j)  found  the  time  which  elapses  tiefore 
JOBI  toiic  dose*  disappear  practically  completely  from  the  blood,  after  intravenous  In- 
iection.  to  be  (o»  Arsenic.  ninr*trntlw  to  thirty  «rronds;  Tetanin,  twenty  second*; 
Cjrmntds.  two  to  six  minutes;  Diphtheria  toxin,  four  miouti;:!;  .\nlitoxin,  sevemi  hours. 
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TOE  EXCRETION  OP  DRUGS 

Channels  of  Excretion. — Thi.i  occurs  mainly  through  the  tirinc  an< 
feces,  and  with  volalile  drugs  through  ihc  lungs.  The  sweat  and,  indeed,' 
all  the  ftecretions  play  a  minor  part.  The  relative  importance  of  the  dif- 
ferent channels  varies  for  each  drug,  the  reasons  being  but  little  understood. 
The  rapidity  is  proportional  to  the  cirndalion  and  to  the  functional  ac- 
ti\nty  of  the  excretory  organs,  and  may  be  increased  by  the  factors  which 
slim  11  late  these. 

The  cxcrclion  of  certain  druus  apjwiin  lo  be  UmitcJ  by  Ihtir  cxi»ting  in  the  b«l» 
In  the  form  ul  combiiuiiloni.  The  ehminaliun  o[  ihew  U  (avotcd  by  tubttaiwn  whicA 
diipliice  them  ftom  the  compouDdt.  This  is  iirDbably  Ihc  expkiiAtion  of  the  increou 
excretion  of  iodids  on  ilit  udmitiislration  of  chlorids.  and  poMibly  of  the  favorable  effe 
o(  lodids  in  chriinic  piiisoniii);  by  metAls. 

Excretion  by  SweaL^.A  considcrnblc  number  of  druKS  are  thus  excreted  (iodide 
bromids,  bfiiiili^,  phenol,  salicylate;,  juitipyrin,  melhylen  blue,  A»,  Hg).  The  qiuui- 
(llies  an-  u>'>  smiiU  to  make  them  significant  for  elimination,  but  they  may  help  to  ex- 
plain cxuiilhvmLita. 

Excretion  by  Saliva. — This  is  rathet  limited,  and  is  only  importajit  for  the  hnlaiiti| 
(iodids)  Bulphoi'v .mules,  K  and  NHi,  Hg  and  Vh^  menthol  and  giiBtRCol,  bcxamcthyl'l 
enamin,  and  Sdmi;  alkaloids  (murphin  and  quinin).     The  excretion  (litncRiJIy  bt'itiM 
iritliin  twenty  minuter  and  may  laU  over  nine  hours  {Howe,  191:). 

Passage  into  Cerebro-spiaal  Fluid.— Inorganic  5ul>stnncefL  nrc  excreted  into  tbi* 
only  in  a  Jiiight  di-unL';  iudids  and  bruimdii  arc  KCtierutly  prcMtit.  \1atiy  organic  sulv 
Klanceg  p.ins  into  it  niurh  more  freely :  .\icohol.  chloroform,  acetone  and  hciatnethyU 
enamtn  occur  totistanlly  in  about  one-third  the  concrntralioQ  of  wnim  (Ifatd,  iQii). 

Passage  to  FetuB.^Thc  more  important  drugs  which  have  been  demonstrated  ar^: 
ferrocyanid  (Mayer.   1S71);  cliloroforra.  ether.  CO,  ttliyl  bromid.  atropin,  motphin,J 
scopolamin.  chloral.  <,alicyl,  quinin,  benzoic  ncid,  phlorhixiu,  alcohol,  nitrate,  urea,] 
methylen  blue,  As,  Hg,  KI,  KBr  (Kehrcr,  1Q07). 


DOSAGE  (POSOLOGY) 

Definition. — Drugs  arc  administered  to  produce  a  desired  effect, 
and  the  dose  must  be  sufficient  for  this  purpose,  and  neither  loo  »maU, 
nor  too  large.  Since  the  effect  is  influenced  by  numerous  coDditicn.i, 
it  is  impossible  lo  state  (he  exact  doses  for  any  drug:  experience  is  the 
only  safe  guide.  However,  the  doses  vary  under  ordinary  conditions 
only  within  narrow  limits,  so  that  it  is  feasible  to  state  ihc  customary  or 
average  dose,  as  is  done  in  the  U.S.P.  and  in  this  book.  This  is  convenient 
as  a  starting  point. 

The  ''marimiiM  doie"  agnifics  the  largest  dose  which  can  be  safely  u»ed  in  Ofdinary 
OUKS;  the  ''minimvm  doir"  is  the  snialle»1  dose  which  produces  therapeutic  eOects;  ^■i 
"loiH-  dase''  h  one  which  produces  dangerous  ellecis:  the  "Just  fatal  dose''  b  thnt^ 
which  is  jual  sulBcient  localise  death;  ihe  " phyxtiilot'f  dott"  (a  rather  I ndcBnite  term). 
Is  uwrd  in  physiologic  experiments  on  animals. 

Variations  According  to  Administration. — The  different  methods  of 
administration,  by  altering  the  rapidity  of  absorption,  produce  quantitative 
diderences  in  the  cficctft.  and  therefore  in  iht;  do»age.  Since  these  vary 
with  each  drug,  tJiey  must  be  determined  by  observation.  General 
ratios  of  oral,  rectal  and  hyiwdermic  doses,  supposed  to  ajiplv  more  or 
less  to  all  drugs,  are  dangerous  (Hatcher,  iqio;  Hatcher  and  feggle^ton, 
I0I4>. 

The  (Amc  dose  act*  the  more  profoundly,  the  more  rapidly  it  in  introduced;  mainly 
bevauiie  there  is  Ins  excretion  and  destruction  before  the  full  dose  has  entered;  alMi  be. 
cau«c  it  reaches  the  heart  and  other  centers  before  being  dutrtbuted  thratigh  the  body- 
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Tfaia  nwt  be  taken  into  wxouni  in  Hxing  the  minimal  (aul  dew.  Exircinriy  n.p»A  in- 
IninRMMit  blMtion  nuy  ftimuUle  a  highrr  fatal  dose,  if  dath  occurs  during  tli«  in jcclion ; 
bctuM  io  thttcuc  Kally  mocc  poison  may  have  been  adminlitctcd  llun  van  noccMury 
he  dMlh  (L  Sonoa.  190O. 

Actloa  Hid  DoM. — With  sonic  drugn,  the  fnul  and  octit-e  dote  are  fu  apart  (atro- 
ftai;  with  aiherv,  tbey  irc  clow  logtlhcT  (ttrvchnin).  Hic  di^Uncc  vafict  with  ttw 
■Miacy  of  obtcrving  the  active  doM.  and  (or  <uSercDt  actlotu  of  the  same  druc- 

Dtily  Dose. — The  sinulv  doses  tut  usually  calculaied  on  the  ossump- 
t»a  that  »iitfident  time  is  allowed  to  elapse  between  the  doses  for  the 
jmter  part  of  the  drug  to  be  excreted.  TI1U  constitutes  a  periodic 
medication.  The  exact  time  varks  of  course  with  the  nature  of  the  drug, 
but  In  most  cases  the  drug  is  administered  three  or  four  times  a  day;  «o 
that  the  daily  dose  h  about  three  or  four  times  the  single  dose.     If  a  coh- 

linuoui  action  is  desired,  correspondingly  smaller  doses  are  given  at  shorter 

iQtcrvals. 

&«p«tltk»  ol  Dow.  'Caah,  190&,  found  that  doscft  o(  ladacooltln,  r«pcattd  at 
ncknlJy  (.low  inlccvabi.  gave  imperfect  summation  o(  the  temperaltire  action;  but 
lU  1^  bticrval  m'rclcil  two  boun,  with  dose  Icm  than  one-half  fatal,  ihc  later  doMS 
(jWOdvced  ai:tUA[ly  l(i»  rlT<^>:t 

VariatioQ  of  Dosage. — The  doses  ordinarily  stated  in  text-books 
apfily  only  to  aduU:»  of  average  size,  and  to  oral  administration. 

tgul  oj  iraj^Af.—Olhcr  things  being  equal,  the  effect  of  a  given  dose 
is  inrersely  proportional  to  the  weight  of  the  individual  (exclusive  of 
tbe  adipose  tissue).  It  b  rarely  necessary  to  mdie  allowance  for  the 
"'cillu  in  adullH  (twenty  to  sixty  years),  but  it  may  be  ua«d  fur  calcu- 
•^tiog  the  doses  for  children. 

Btdf -Surface. — This  it  regarded  by  sotnc  ai  a  more  accurate  although  lew  coo- 
'^nlni  ladv  of  the  dote  (Moore,  190Q;  DrcyM  ft  Walker,  1914);  but  the  *ufaj<ct  b  in 
nafMIr  (KlMkalt.  1915}. 

Calculation  of  Doses  for  Children. — In  most  cases,  the  adult  dose  i» 
reduced  in  simple  proixwiion  to  the  weight  of  the  child — cither  by  direct 
atculuion,  or  by  ibc  use  of  empiric  ruks  based  on  averages,  as  described 
Uo*,  The  dosage  so  obtained  is  generally  suffidently  exact.  It  is 
^ntilininiblo  only  with  extremely  young  children;  and  with  drugs  the 
WioD  of  which  i.'^  inJlueiKed  spccilically  by  age. 
ClarJt'i  /?iiie. --.Multiply  the  adult  dose  with  the  weight  of  the  child 
I  pounds)  and  divide  by  150  (the  woght  of  the  average  adult).  Tliis 
tpv«  the  most  exact  tmuIIs. 

(Wine'i  Rule.  -Multiply  the  adult  dose  with  the  age  of  the  child  at 

Ifiwt  birthday,  and  divide  by  the  adult  age.  taken  as  twenty-four. 

J*.tlic  dose  for  a  child  of  three  years  would  be  ^^^  =   \  of  the  adult 

This  rule  is  simple,  easily  remembered,  and  give*  dau  agreeing 

Btly  well  with  the  average  weight  curve;  more  accurately   than 

Jwng^RuIe.    Tlic  results  are  rather  too  low,  below  four  years  and  above 

I  fears,  but  the  error  is  on  the  safe  side 

Twa^i  KmIt.— MuWply  ibe  adult  do«c  vith  the  age  of  the  child  (in  yean),  and  dl- 
Ljllh  tgr  lae  t^  nUis  1  a,     r.i.,  the  doie  fur  >  child  of  ibrce  yean  would  be  ?{t  »  %. 
*<Mipmd  wtth  Cowling's  Kutc,  it  gives  lonephol  higher  do»es  below  iiirelv«  yean, 
~  '•■rwhii  tower  above  thk  ace. 

.^bfi  ffa^e/or /a/iiMlf.— Divide  the  age  in  months  by  i5o;^nd  multiply  it  by  the 
>  tm-.fj^  tot  •  baby  ol  hvr  moaibh  the  done  would  be  4^t«  '  Ha- 

^^  olMe  for  agfd  peofiie  is  generally  taken  a»  somewhat  less  than 
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that  for  .-idult.%.     Above  sixty  year&,  the  adult  dos«  is  reduced  to  four- 
fifths  or  two-thirds;  und  in  citrt-me  wnility,  to  oiw;-half. 

Specijic  It^|luau:^  of  Age  on  Drug-action. — These  (i^.,  apart  from  ihc 
dilTorcncc  due  to  weight)  arc  known  definitely  only  for  a  few  drugt. 
Chiidrcn  are  c:«pecially  susceptible  lo  morphia  and  oicotin,  and  comp«»- 
lively  tolerant  to  cathartics,  strychnin,  iodids,  iron,  belladonna,  catomel, 
digitalis  and  sparlcin  (A.  Jacob!,  1907).  OU  age  is  generally  less  resistant 
lo  drug^i  purgatives  and  emetics  are  cspedally  debilitating.  The  fre- 
quent existence  of  atheroma  makes  it  dangerous  to  use  drugs  which  raise 
iJic  blood  pressure,  dirccliv  or  indirectly. 

Infiuence  of  Sex. — Women  u-siially  require  somewhat  unaller  doses 
than  men  (ont^haif  to  four-fifths).     The  greater  susccptilMlity  is  in  large 
part  due  ti>  the  lesser  weight,  but  in  part  alfto  to  the  anatomic  and  func- 
tional peculiarities.     Tiie  influences  of  H-x  are  ol  course  most  pronoiinced 
with  drugs  which  act  on  the  generative  organs.     Pregnancy  also  modUie^^ 
the  action  of  drugs,  and  contraindicatcs  the  use  of  irritant  cathartk^*" 
(because  of  the  danger  of  inducing  abortion)  and  of  irritant  diuretk^M 
jon  account  of  the  tendency  to  acphritis),  etc. 

CONDITIONS  INFLUENCING  DHOG  ACTIONS 

Tlie  time  of  administration  also  influences  the  action  of  drugs.  Hyp — 
notics  and  Cathartics,  for  instance,  are  most  effective  when  Uieir  aciioi^ 
coincides  with  the  natural  time  of  sleep  and  defecation,  and  if  the  ex — 
ternal  conditions  arc  favorable.  Stomachics  are  be.1l  given  shortly  before 
meals.  Drugs  which  are  to  be  absorbed  rapidly  arc  given  on  an  empty 
stomach,  whereas  irritants  are  administered  just  after  meals,  when  the 
stomach  is  protected  by  (nod;  etc. 

Idios3mcrasy. — This  term  (from  tSiot,  one's  own,  and  abvKoau^,  a  blend- 
ing) is  applied  to  peculiar,  exceptional  reactions  to  the  dSecIs  ff 
drugs.  The  differences  arc  generally  quantitative,  and  may  concern 
the  main  acliun,  or  the  liide  actions,  especially  skin  eruptions.  The)- 
may  be  inherent  in  the  remedy,  or  may  be  due  to  extraneous  causes, 
or  they  may  be  reierred  to  the  constitution  of  the  patient.  In  the  latter 
case,  they  may  be  due  to  anatomic  or  to  functional  peculiarities.  Thc>' 
may  be  congenital  or  acquired,  lemponuy  or  permanent.  Neurotic 
patients  arc  especially  liable  to  show  unusual  effects.  (Many  apparent 
instances  of  idiosvncra-iy  are  doubtless  due  to  differences  in  the  strength 
or  constituents  0/  drugs.) 

IfflpuritiM  in  Dnis>> — Qualitative  abnormalities  in  the  effect*  ol  drugs  an  OMlHy 
due  Xa  Uie  tngtfraiion  of  a  tide  adwn;  but  in  toftx  cases  Oicy  may  ba  referred  lo  Hit 
pCMMCe  «( Impurilic*.  It  is  rather  doubtful,  howi;vcr,  whctho  these  inuHirilJet  tutv 
the  importonoe  which  is  of  tf^n  oaiigned  ui  tbcm.  Whilct  ic  is  undoubtedly  onlrablc  Uwt 
drvRs  should  be  as  puic  iis  ii  it  practicd  ■■>  mahc  them,  niaimal  amounts  of  itutigf 
substances  can  not  be  Mid  lo  be  wry  objeclloiuMe.  udIbss  they  are  psriicularly  poko*. 
ous.  The  pharmuco|Miaa  have  taken  a  wiic  it»iid  in  thii  matter  bv  pcrmlurnc  ibr 
pretence  of  nmntl  xmounti  of  such  innocuous  impuriiiu  which  it  irouli)  be  vtry  difficult 
and  cofiily  Iv  remove. 

Increased  Susceptibility. — This  may  be  due  to  very  rapid  absorption, 
or  slow  elimination;  to  the  presence  of  synergistic  agents  in  the  bo<ly; 
or  to  increased  functional  susceptibility. 

AaSflHlulB. — Thi*  is  a  striking  type  of  highly  incrcoMd  sutccptUiility;  but  it  tccoM 
lo  be  confined  to  proteins.    It  hn*  b«en  suiuie«ic(l  that  the  peculiar  Irrit&tivc  rcactioas 
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Ift  iodiiU,  volatile  oils,  etc.,  are  alio  anaphylactic;  but  ihii  is  not  the  cow  (H.  N.  Cole; 
JUrbrr,  1913;  Gluetk,  191^).  One  striking  dlffcivnci:  U  thnt  the  hypcr>u>>ccptiMI!ly 
to  ocdiouy  dru|[i  can  not  be  [ransferii'd  pos^vd)*. 

Ctsnulative  Action. — This  is  said  to  exist  when  the  coDtinuntion  of 
a  given  dosv  o(  a  drug  produces  greater  eSccls  than  the  lirst  doses.  It 
may  be  due  to  an  actual  accumulation  of  the  drug,  absorption  bring 
greater  tbaa  the  capacity  for  excretion  (lead);  or  it  may  be  due  to  the 
summation  of  effects,  when  the  changes  brought  a))out  by  the  first  doses 
persist  (digitalis);  the  drug  may  use  up  some  substance  required  for  its 
disintoxication  (phenol);  or  there  may  be  general  decrease  of  resistance. 

Inoooatuit  abKOrptioo  a  u  frequent  cause  of  sppttrcDI  cumulative  action.  Succr»- 
uvc  doMS  o(  Uie  drug  may  lie  unabsorbed  in  the  arimcntaty  canal,  to  hv  Cnnlly  taken 
ialo  the  »y»tein  in  talo  when  the  conditinns  are  favnrnblc  to  ahiomtion.  Thisexptnins 
that  tlie  sfentcbl  lndivi<luiil  variability  to  toxic  doses  exists  precisely  (or  those  dnijcs 
«{ikb  tn  ab»orbtd  with  the  greatest  difficulty. 

bnsnbritiM  of  Excretion  (nephritis,  etc.)  arc  also  (avorablc  to  the  development  of 
annubiive  effects. 

"Bddcatioa." — It  a  M)mellnu;s  noted  that  efFecl;  are  mare  easily  reprudueed  after 
they  have  once  been  induced.  This  is  seen  particularly  in  drugs  acting  upon  the  central 
tcntnis  system.  It  is  found,  e.f.,  that  the  ;usrc|>libtlity  i«  strychnin  increases  with 
ttt  wlnlllUilration.  and  it  would  lecm  thai  this  is  caused  by  the  central  nervous  sy&tMD 
bBcoming  educated  to  the  itimulaling  actions  and  (esponaing  to  them  more  readily. 

Tolerance. — This  may  be  due  to  non-absorption,  to  rapid  elimination, 
the  neutralization  or  destruction  of  tlie  poison,  or  to  anatomic  pecu- 
"lics.     Many  cases  can  not  be  explained  in  this  manner,  and  must 
assumed  to  be  functional   (the  "histoge ndtic"  immumty  of  fiehring). 
The  tolerance  is  rarely  absolute,  so  that  it  is  scarcely  correct  to  spt^ 
rf  "immunity."     (Critical  review  of  the  literature  of   tolerance,  Heger 
tad  Zunz.  1^14.) 

Habituation.— Tolerance  may  be  congenital,  or  it  may  be  developed 
Vf  ilii-  n-jMiilcd  adminisi ration  of  the  poison.  This  habituation  may  be 
functional  (alcohol,  caffein.  nicotin);  or  it  may  be  due  to  diminished  ab- 
nrption  (arMinic)  or  increased  elimination  (atropln  in  cats) ;  or  lu  increased 
■katruction  of  the  poison  (morphin);  or  to  the  production  of  antibodies 
(mins}.  The  tolerance  is  usually  limited,  not  absolute.  With  some 
pnsvns,  it  develops  a  craving  and  serious  abstinence  symptoms,  if  the 
int  is  suddenly  withheld. 

It  Ls  interesting  lliat  functional  habitualion,  when  acquired  for  a  par- 
'ka\u  drug,  may  hold  also  for  other  drugs  having  a  similar  action.  A 
Ittbitual  drunkard,  e.g.,  is  resistant  to  the  general  anesthetics;  morphinists 
vcsaid  to  be  more  tolerant  to  cocain  (Chouppe,  1889);  etc. 

J  1907,  and  Santcssuu,  igii,  give  reviews  of  the  recent  data  OQ  habitualion. 
.  iitrmfttrM  i,  a  conspicuous  instance  of  acquired  tolerance.     It  was  sup- 
be  confined  to  prolcinK,  but  seems  to  exist   also   toward  certain  glucoud* 
..  jb.  and  poium  ivy,  l-*ord.  iqoQ;snaLe  venum,  Faust,  IQil).    It  does  not  occur 
■tttAaloidi  or  any  of  the  xicnplct  poisons. 

ICfokod  lnuuunity  in  Protozoa. — 1'his  has  a  pmc.tiral  at  irell  ai  theoretic  bearing 
Mdnaothcrapy,  ,\nd  hai  been  investiKitted  by  ]\hrlich,  itjai},  and  Neuhaus,  iqio. 
TW  ocganfesms  aetmire  imin\mily  for  icveral  group*  of  poi pons— metals  and  dyes— 
UetakntDoe  indaccd  bygone  drug  applying  to  other  chcmicoily  related  drogi,  but  not 
l»tk  «4her  sroaips.  The  imraumly,  when  once  induced,  ii  trnnsmitted  unlimited 
^pneraUoB  to  generation.  It  is  probably  <lue  to  dinunihhed  atTmity  of  the  protO' 
mnfarthepoboo.  With  alkaloids,  Prowawk,  iqio.  found  thai  different  individuals, 
?» «i  the  pfOReoy  of  a  single  pftreat.  sliow  voiying  resintanoe  to  the  some  alkaloid. 
"f  )l>0  found  that  lecithin  protects  ominst  the  alkaloids. 

tidll  Uioajtunsy  In  Xnimls.— Dillcrent  sncci«  of  animals  often  vary  in  their 
"Wfao.     Thii  tan  usually  be  explained  by  diffeTeHct.i  in  iki  pkytiehait  functions. 
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Foi  insUiKe,  the  UKbra)  actions  arc  luiuUy  the  more  nronounccd,  tliemon-  Uglily 
the  ccDtral  nervous  i>Ttpm  n  <lcvd(inc<l;  nhcreu  spiasl  •cuous  pitdominate  La  the  knrtf 
vrrt«l>ratct.  RodcnLt  uiu  iiicapublc  o!  vamitins  uid  arc,  thcrffoir.  nut  ARcrltil  Inr 
vrai^Iic!!.  Atrn^in  ()itLckcns  the  heart  of  the  doK>  out  lul  tliHl  uf  tht  rabbit,  bccmuic  it 
acit  b}[  pamly^i[i)(  tlic  vagus,  nhkh  l.t  nat  tonically  iulivc  in  ihc  mbhii.  The  dof-fiab, 
which  i*  more  or  Ir^  rrsislant  to  iifphrtiluiic  T>oI»f>ns.  norniuUy  I'xirctn  um  Mid 
probably  other  metabolic  products  mninly  hy  the  intci^tincs  nnii  bile  iDcnis,  191J). 

NntiirRi  rr.sihlAnce  is  often  due  to  the  dcslrtietiiiii  of  the  poison, /.i,,  that  of  a  tropin 
by  ihv  n'rum  of  tabhits,  etc.  The  deilructive  mcehanism  may  be  (treally  increased  by 
habituation: /.f.,  with  morphjn.  Differences  of  ab*orplion  (mil  cicretino  alio  come  into 
pUy. 

There  are  »ti1l  »  number  uf  difleri'nci.'s  which  oin  nol  yd  he  ctptained  on  u  phy$iolef,K 
bmh.  These  must  be  rcftrreU  lo  our  ignorance  of  the  phyilologic  difference*  nrliich  are 
lAvolved.  The  krdgcliog  has  n  high  unexpl^ncd  resistance  to  many  poisont;  motrihin, 
atropin,  nlcotin,  cvanid,  cantharrdra,  amenile,  diphtheria  and  tetanus  toxin*;  not  for 
strychnin  (Strubcli,  1909;  Willberg.  tflu)' 

Even  the  same  organs  in  diflercnt  rtabsrs  of  animiiU  may  show  uneiphiincd  diflcr- 
cnces.  Thus,  Gunn,  i()og,  claims  thut  apocodehi.  quinin.  and  yohimbio.  which  cauM 
vasodilation  in  mammals  constrict  the  blood  vessels  in  frogs — both  peripherally. 
Chnrnctcriilic  dilTrrenccii  in  cplnephrin  arc  wi-U  known;  hut  the  mechanism  of  tbc*c  M 
caplained  by  diRi-rcin'cs  in  innervation. 

Individual  IdloayncrasT  in  Animals. — In  animals,  as  well  ns  in  man,  peculiarities 
erist  in  diffcrcnl  iniiiviiiiiafs  cif  thes.inif  specie;.  QutiliUitite  diftrtHta  arescco  particu- 
larly in  the  action  of  Cannabis  on  dugs. 

Instances  of  quantUalhe  di^errncrs  ore  very  numeroiu: 

In  i.  large  series  of  experiments  Willi  toxic  dosts  of  diugi  on  udnuls  tlUMltllor  feat 
found  that  there  is  a  fair  degree  uf  uniformity  in  (he  proportion  of  '■'^■'f  i^IA  dlt 
with  a  Riven  dose.  Thus,  certain  limits  tan  be  found  inside  of  which,  out  d  five  kslllialk 
three  will  always  die.  These  II mils  vary  from  0.5  per  cent,  (strychnin)  to  *5  per  cent. 
(ergot),  but  are  usually  comprisi'd  within  from  5  per  cent,  to  10  per  cent. 

On  the  other  hand,  the  susceptibility  of  anyone  animal  is  subject  togtealei  porsilble 
variations;  r.^.,  with  a  given  prcpnrfttion  of  di^lalls.  a.6  mg.  per  gram  will  always  kill 
three  Kuinca  pijts  out  of  live.  But  in  a  large  series  of  ei|)eriments.  a  number  of  animali 
will  be  found  which  will  die  of  doses  as  small  as  0.4  mg..  white  othcrt  will  die  on|y  when 
0,0  mj£.  is  reached.  Whether  these  comparatively  immune  animals  always  enjoy  thii 
immunity,  or  whether  the  condition  is  only  temporary,  as  well  as  the  inllurnce  of  asc, 
sex,  etc.,  has  not  been  determined. 

The»e  individual  differences  arc  still  more  striking  11,  instead  of  oliacrving  the  toxic 
doses — I.e..  lh«  sum  total  of  the  effects — we  direct  our  attention  upon  some  one  purlieu- 
lor  action,  e.£.,  the  amount  of  lowing  of  the  heart  or  ihe  variation  of  blood  [imAtU*. 
The  differences  in  this  re^peil  are  so  ureal  qualitatively  thai  It  it  undoubtedly  uhmCc 
to  draw  concluMons  from  a  single  experiment,  and  It  is  absolutely  Impossible  in  Ibtce 
cases  to  c^tabliih  any  quantitative  standard. 

Se*£ODjJ  Variations. — The  susceplibility  of  animals  10  a  number  of  paisoiu  vuic* 
consldcrubly  with  the  season.  Uith  cold-blooded  animals,  this  would  be  nitmA 
mainly  lo  diffcn.'nccs  of  temperature;  but  conindcrable  variations  exist  also  In  mammak- 
Guinca  pigs,  f.i.,  arc  more  resistant  to  ouabain,  and  less  resistant  to  acelonitiile  and 
diphtheria  toxin  during  November  10  January  than  in  Ihe  spring  and  summer  months 
(Haskell,  igi3). 

Temperature. — This  has  a  marked  cflect  in  cold-blooded  animals;  digitalis,  ventrin, 
nicotin,  strychnin,  tetanus  toxin,  chloral,  and  alcohol,  for  Instance,  are  rendered  more 
active,  morphin  and  curare,  less  active,  by  raising  the  temperature  Tlie  lempcratore 
quotient  of  strychnin  was  invcsllgated  by  Schlomovin  &  Chase,  igift. 

The  inlliience  is  especially  marked  with  poisons  that  have  to  undergo  a  transfor- 
maliun  in  the  body.  At  j' C,  the  susceptibility  of  frogs  to  aloxyl  is  increased  u 
times.  Uiat  for  colchiein  50  times.  nl>o\f  ordinarj'  room  temperature.  With  muKles. 
the  activitv  of  drug*  Jncrrax-s  in  a  malhcmalicol  ratio  wUIj  the  lempemture  within 
certain  liiitlti  (Vek-y  and  Waller,  igto). 

The  temperature  relations  of  dlftiloloids  nrc  fully  discussed  by  Sollmann,  Weo- 
delthalland  Slinicel,  iqij.  Aniiidiiiiliou  of  iMsinlluencv  in  man  is  seen  in  tbemodifi- 
oHlDa  ol  the  action  of  antipyretics  by  fever.  (In  mammals,  cooling  Keneia11>'  iiicrratet 
tliie  fatal  effect  by  adding  Us  direct  dcprcunni  action.) 

DIM.— I'his  has  a  marked  effect  on  the  resistance  of  animals  to  many  poiaiNW 
(Hunt,  1010;  Opic  and  .\lford,  i<)i4):  but  little  is  known  of  tliis  in  man.  Tlic  calriun 
content  is  important  in  influencing  cutaneous  irritation  (I.ulthlcn,  igti.  1911),  Barium 
'ft  better  abiorbod  from  a  Ca-poor  diet  (.^bberg  and  Black,  ivi>}- 
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Influence  of  Pathologic  States.— The  effects  of  drugs  in  disease  may 
iiilci  maU'riaU>  from  thoM  on  healthy  animals.  Tlie  pditholc^k  condi- 
lions  ma>-  k-sscn  absorption  (diarrhea)  or  incraasc  it  (corrosion) ;  thc)-  may 
hasten  thr  destruction  of  thc  poison  (alcohol  produces  less  intoxication  in 
fever);  or  ihey  may  alter  thc  effects  entirely.  Some  of  the>e  modilications 
are  readily  explained  by  the  functional  or  anatomic  changes  of  disca«; 
olhcrx  are  obscure. 

7W  uitiprrctin  ri'ducc  tfac  trmpcratuK  in  hyperpyrexia,  but  do  not  effect  it  wbtn 
it  b  normal;  digjlalis  U  an  fffidml  iliun-lii-  in  canlinf  diifssc.  but  otii  in  hmltl);  it 
aficcb  tbc  normal  csrdioc  mutdr,  but  ha*  liiili-  AClion  un  a  fatty  licarl.  etc.;  thr  anti- 
■c-plin  and  aotitoxlm  arc  active  Mily  in  infci'tiuni.  etc.  Numcrou*  otbcr  in»tinccK 
ni«y  be  tiMnd  In  ihr^pcn  of  SAlant.  igii,  and  WaUacr.  iqii. 

PalhrOlogic  vunditiurti  wliich  modify  absorption  and  txerelian  art  of  particular  pmc- 
tlc:al  impottUKc:  Supprewon  of  utbc,  as  by  ncphntii^  may  Ittfd  to  toxic  tvmploins 
fraai  infn  or  dmM  which  ars  ordinarily  harailtea.  Thc  Kcnrral  reduction  of  vftaJity, 
the  "ItKcrot  rtiiuing  power,"  which  ii  to  common  in  many  diieaan  i^  umilaily  import- 
anC  At  aa  tmhlancc  of  iiich  modilicationK.  the  tnveatiKiliolu  of  l.iii^tni  and  Scbntlianl, 
i904,  Day  be  quoted.  They  found  the  ab«orptIi>n«  of  poltons  haati'iicd  immcijialrly 
tizmj  ^nmtrrlMee  but  not  laier.  The  toxic  lymptomi  verc  not  modified.  The  nsiit* 
■rtCT  WM  louad  lowered  to  a  varyiHB  degree  tor  different  poisons:  Mont  for  atrychnui, 
\amm  Iw  veralrin,  &nd  not  at  nil  for  pnysotltKmiD' 

InBmed  VMsels.—Tliese  react  abnormally.     Eakin,  igi4,  found  coMlrictor  drugs 

Fwuiiy  lea*  and  dilator  druca  more  citecti^-e.    Eninephrin  often  produced  dilaiion, 

rtailM  calMa,  wbkb  norauBy  dila(««.  eonslricted  the  Inlbmed  %'cauls  of  labbii'ii  ear. 

Ifimrnf  imtcttiiuf  aMovt  a  inu(.h  more  rapid  difTuiion  of  pruteins.  toxins  and  ferments 

<la«a beilllijr  joteftinc  (Miynhofei  nnd  i'nbrjm,  ipoq). 

'Ibo  dlMribatlon  of  [h«  druss  ia  the  body  may  lie  dinerenl  iii  diieaM  and  b«*1tli. 
TWa  b  best  illuitraltd  by  fluorescein  (»ec  Index).    ■ 

Tba  Combined  Actioo  of  Drugi.— The  effects  of  drugs  arc  also  influ- 

nccd  by  the  unusual  conditions  induced  by  the  ^multaneous  administra- 

tes  or  presence  of  other  drugs.     A  quantitative  change  may  occur  cither 

w  the  sense  of  incrca^ng  thc  efficiency  (synergism),  or  of  diminisbinjt  it 

Uata^vnUm).    There  may  al«o  ^e  qualitative  change:;.     In  other  cases, 

'  sciions  are  developed  by  the  reaction  of  thc  drugs  on  each  other,  with 

luction  of  new  compoimds.     For  instance,  the  presence  of  acidft 

I  the  basic  salts  of  bismuth  soluble  and  toxic;  oxidizing  substances 

rlilieraie  io<lin  from  iodids;  the  iodidit  aUo  decompose  calomel  and 

it  irritant. 

Antagonism  of  action  is  employed  in  the  treatment  of  poisoninfi;  or 

MMtincs  to  remove  undesired  side  effects,     When  it  interferes  with 

^BKtdtffecu,  it  constitutes '' Iheropcttiic  incompatibilily." 

OMbfautioiL  Therapy. — Syncrgiiim  is  utilised  to  secure  the  summa- 

I  cf  the  desirable  effects  of  seveial  drugs,  whilst  thc  side  actions  arc 

Mincrcued  or  may  even  be  neutralized.    The  ellidency  itself  may  be 

'kttued,  especially  when  thc  drugs  attacic  a  given  cell  or  function 

"iNbucQusly  by  several   different   mechanisms.    Chcmo-thcrapy  has 

'■rfAed  some  illustrations  of  this  (Ehrlich,  1900).     Formerly,  rombina- 

liiw  of  drugs  were  very  popular,  but  on  thc  empiric  principle  of  thc  shot- 

PB  nblure — that  of  many  ingredients,  some  at  least  mi^ht  &t  the 

wue.    Such  indiscriminate  mixtures  arc  not  scientific.     It  is  better  to 

oploy  the  fewest  possible  drug^.  tintil  it  has  actually  been  shown  that 

Wlliiiiniotu  give  superior  results  in  thc  particular  condition.     In  giving 

I  drags  (^  similar  actions,  the  dosage  of  each  must  be  correspondingly 

Tliiitloosof  Combined  Action.— When  several  drugs  are  iid  ministered 
r,  each  may  act  indein-ndently,  as  if  it  were  present  alone.    The 
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result  would  llicn  be  a  simple  algcbrair  summaiitm  of  the  cffccls,  cither 
synergistic  or  antaRonistic.  In  many  cases,  however,  the  combined 
action  is  greater  or  smaller  thun  would  be  calculated  ipotciUitded  uivi 
deficient  summation).  The  relations  may  differ  entirely  according  to 
dosage. 

F.i.,  stimulftnls  are  vitu^oiiislic  to  dqimsnts  only  in  uninn  dMca.  L*rjct  doMs 
often  become  gyncrgislic,  ihc  dcprcisinn  tn'tng  greater  thnn  if  tlic  (li-presunt  were  uteil 
nionc.  InsUncFf  of  Ibis  iirc  ultopiii  and  piluLurpiii  on  cmbiyonul  growth,  SoUmann. 
1004;  cafTcin  And  alcohol  tnxicit)',  PilchcT,  igii;  ntropin  nnd  physottlgmiii  (oxLcitjr, 
I'riLsvr;  Fothcrj^U  gives  ulher  intcrtsLinK  cxamplci  u(  antUKonisin. 

Somctimn,  an  action  develops  only  in  the  prcwncc  oF  another  drug;/.!.,  pllocxrpin 
provokes  the  action  of  minute  aoies  ol  Htrupin  un  the  inlcsliue;  <ir  Ihc  point  of  attack 
may  be  shifted  by  Ihe  second  drug.  Instance.i  will  be  found  in  Uie chapter  on  "Auto- 
nomic Poisons."  The  ntljo  of  ions  in  the  mediiim  surrounding  the  cell  influence*  the 
rfleets  of  drugs  very  m.iteri.illy. 

Instances  of  Synergism. — The  best-studied  cxnmplei  are  from  the  group  of  nnrcodo. 
'I'hc  simple  lipolytic  iiitriotics  (nkohol,  clhcr,  chloroforni,  etc.)  ihow  pnu:lic«]ly  only 
simple  summHtion;  bul  the  addition  v(  the  alkdoidul  narcotics  (morptun  and  »«>polft- 
min)  gives  considerable  potentiation  (Knell.  1907;  Fuehner,  i9ti;Kocnm«nnandpuiHlt, 
■O'i)'  Bromids  give  simple  summation  with  lipolylie  and  nlkaloidsl  narcotics  (Klam- 
mer,  iQij).  The  dlSvrcTit  opium  alk.aloids  potentiate  each  other  In  interesting  wan 
(Straub,  i9ij;Macht).  The  orsamc  local  ancsthcticsdo  not  usually  potentiate  (^mid. 
■  0<3)>  but  show  marked  potential  ion  with  (lolusslutn  (7^ni,  1913).  Fuehner,  tgti.ha* 
worked  out  Ihe  summalion  of  hemolytic  agents. 

Mechanisms  of  Potentiation. — There  are  several  poitdble  cxnlnnationv,  but  fcv 
posilive  data.  One  drug  could  modify  the  pt'netmllon  of  another.  I-'uehner,  loij. 
showed  that  this  is  true  of  the  solubility  cocfbcicnt  of  the  narcotics;  or  it  might  jJler 
the  chcmic  allinity,  either  by  acting  as  an  amboceptor,  or  by  cloiing  the  combining 
liroups  of  the  cell  or  of  the  drug  (antitoxins);  or  It  might  attjick  the  cell  trom  a  dlBeieat 
point. 

Mansfield  and  Hamburger,  191;,  believe  Ihai  mogncMum  potentiates  uredwoci 
and  that  ether  potenliales  chlund  or  monihin.  by  favurinjt  thL-  distribution  at  that 
agents  in  the  neri'ous  tyslcm;  for  thry  (incl  IhnI  Ihe  augmented  action  of  the  Mtmbi- 
natJoDs  persists  after  Ihc  magnesium  ieneuirallied  by  calcium;  or  after  the  Clher  ba«  bom 
dimlnated. 

Those  interested  in  summalion  and  antagonism  should  read  Chapter  VIU  of 
Verworn's  "Krrcgung  und  Laebmung." 

Buergi's  Law. — ^Btaergi.  1910-1911,  proposed  n  urivcraal  explniialion  of  synergism; 
but  hit  grnrrntixalion  is  doublleu  too  sweeping.  He  announced  that  potentiation 
occurs,  always  and  only,  when  two  dru^s  bavo  different  |ioiiil»  of  atl.^k  in  Ihe  cell; 
becBuae  two  different  receptom  could  inkc  up  more  poison  in  a  given  time  than  could 
a  ainglc  Tcceplor  from  Ihe  double  quaniiry  of  a  single  drug,  Kuebncr,  1911;  luckuta, 
1Q13;  Zom,  iQi.t,  and  others  have  pointed  out  numerous  important  exceptiom  to  this 
"law."    It  is  certainly  not  universally  applicable. 
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DIGESTIVE  FERMBNTS 

Nature  of  Ferments. — The  digeation  of  food  in  the  alimentary  canal  te 
acciimpli.ilied  mainly  by  the  sucretion  of  organic  ferments  or  enzymes: 
colloid  substances  of  unknown  composition,  whose  presence  accelerates 
chemical  changes.  Commercial  ferments  are  more  or  less  purified  ex* 
tracts,  rich  in  protein,  and  dried  or  preserved  by  glycerin. 

Our  knowledge  of  Ihe  nulure  of  ferments  'a  very  incomplete.  Like  coUoldi,  they 
po&^«ss  electric  charges  (Michaclis,  1909).  F.mil  Fischer  found  tbdr  tKtion  on  sugar* 
to  depend  on  Iheir  optic  activity.  Several  worken  have  shown  that  the  cleavage 
ferments  may,  under  proper  conditions,  produce  syntheses  (Taylor,  1904).  The  IWHI 
"fermentation"  is  derived  from  fctmcnium,  leaven;  and  this  probably  from  fervcre. 
to  boil.     It  was  originally  tipplii-d  to  all  etlcivcsctncc. 
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Conditions  of  Action  and  DelerioratiotL — The  digcsine  ferments  are 
Kpcxifically  Jilapted  lo  the  hydroiytic  cleavage  of  the  various  food  products 
(amylolytic,  proteolytic,  lipolytic,  etc.).  Their  itttivity  is  greatly  influ- 
enced by  various  conditions,  especially  by  temperature  (40°  to  45°C.  beinK 
optimal  for  mammalian  ferments);  by  ac£d  or  alkaline  reaction;  by  salts, 
etc.  Solutions  arc  quite  unstable.  They  arc  destroyed  rapidly  about 
So'C,  unmediately  by  boiling  and  more  gradually  by  any  exceiiaive  con- 
ditions, and  by  putrefaction.  Pepsin  is  much  more  rcsistitnt  to  destruc- 
tion than  trypsin,  but  both  detenorate  even  in  neutral  solutions,  trypsin 
often  in  a  few  days.  Dilute  watery  solution.<  deteriorate  (]iii('kly  even  at 
ordinary  temperature;  and  even  dry  " pancrtatin "  is  unstable  (Long  and 
Muhlmann,  1914).  Pepsin  can  also  be  completely  destroyed  by  shaking 
(Shaklee  and  Alcltzer,  1909). 

Incompatibilities. — Solutions  of  ferments  are  therefore  incompatible 
with  excess  of  acid  and  alk.ili  (l^onK  and  Muhlmann,  igi4)  or  salts;  with 
nuuiy  antiseptics;  with  excess  of  alcohol;  and  with  all  protcin-prccipitants. 
Pepsin  in  neutral  or  alkaline  solution  is  destroyed  by  sodium  cfalorid 
(W.  H.  Hamburger,  1915). 

Mixtures  of  fermenls  digest  each  other  more  or  less  rapidly  according 
to  their  reaction.  Pepsin,  in  the  presence  of  weak  acids,  dcsiroj-s  trypsin 
and  amyliipsin  completely;  but  trypsin  has  lillle  effect  on  pepsin  under 
ordinary  conditions  tXong  and  Muhlman).  "Compound  Digestive  Elix- 
irs," supj>i>^ed  to  contain  [lepsin  with  pancrealin,  etc.,  are  therefore  prac- 
tically worthless  (J.  A.  M.  A.,  1907,  v,  48,  p.  434). 

Administration  of  Ferments  in  Digestive  Disorders. — This  has  not 
realized  the  early  expectations,  one  reason  being  lh;il  digestive  disturb- 
ances arc  rarely  due  to  deficiency  of  ferments.     It  is  also  difficult  to  ad- 
minister ferments  so  that  they  could  develop  their  actions.    This  is  prob- 
ably possible  only  with  pepsin  and  perhaps  with  diastase.    The  latter,  if 
thoroughly  mixe<l  with  food,  could  act  in  the  fundus  of  the  stomach  for 
an  hour  or  so  (Cannon)  before  the  mass  become*  add  {GruetKner,  1905). 
It  is  alroofit  inconceivable  tliat  trypsin  should  reach  the  intestines  un- 
cfaangcd,  since  it  would  certainly  be  expnscil  t"  the  dijjestive  action  of  the 
^tnc  juice-     However,  there  are  some  data  which  suggest   that   the 
administration  of  fresh  pancreas  by  mouth  improves  the  absorption  of 
iu  and  proteins  in  dogs  deprived  of  natural  pancreatic  secretion  (Sand- 
Bvycr,  1S95;  Pratt,  1909).    The  action  of  papain  is  too  feeble  at  body 
lemperature  to  deserve  consideration. 

Pepsin  and  possibly  diastase  nuiy  therefore  have  a  limited  value  in  a 
(nr  cases;  but  little  could  be  expected  from  the  other  fcrmcDts.  Appar- 
Oitly  favorable  results  may  often  be  explained  by  the  other  treatment 
^lli  Wfhich  they  are  usually  combined. 

Otter  Uses. — \  more  rational  field  for  ferments  is  in  the  preparation 
•(  predigcstcd  foods,  especially  for  rectal  alimentation.  Rennin  and 
Ptpan  are  used  for  curdling  milk.  Pepsin  has  been  employed  to  dissolve 
■Jipbtheritic  membranes.  Trypsin  injections  were  tried  against  cancer 
(J- Beard,  tgoj;  Shaw- Mackenzie,  ir)o61,but  proved  disappointing.  They 
pKducc  local  lesions  and  toxic  effects  resembling  peptone-poisoning 
(l^tdiheim,  191 1).     Papain  and  takadiastase  act  simdarly  (Kirchheim, 

h&MTcnoiis  lojeciioo  of  Ferments,— This  produc-w  loiic  symptonu  resembling 
f^m  <A  AlbumoMt  (Hildcbrandl,  iSyo).  Smaller  dosci  gtvc  ri»c  to  the  formation  irf 
ipok  aBtibodies.    Noraial  stnim  and  other  native  ■pcvlciiu  are  itl»o  markedly  rt- 
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MiUnt  to  proiolylic  tcrmrnts  (Invent  and  Stookey.  igojl.  Thi»  reajUnce  i»  de- 
Dlroycd  by  beating  to  ;o*C.,  and  h  cuoncctcd  upecinlly  with  ihc  aliHiincn  fraction 
(Cathnrt,  iQOt)-  ■ 

PREPAHiXTlONS — TS&iSKSJS  ^ 

'  Pfpsinum  (Pepsin),  U.S.P.,  B. P.— A  proteolylicMlract  obtained  (rom  the  mucoui 
membrane  nl  Ihc  Momnch  of  Uic  pig  (ur  sliccp  or  calf,  B.l'.].  Cafittble  of  di^ntui);  not 
IcM  than  5.»90  parts  of  eoagulBlcd  egK^aJbumen  (U.S. P.),  liiS^oputs,  B.P.).  when  tb« 
tcit  16  mitdc  according  to  the  olficial  direc.tiuns.  Various  pffOCeWM  ue  uaed  in  ill 
man uf at: lure.  Wltit«  or  yellowish  hchIch  ur  powder.  Rlight  odor  and  tAtte^acid  reaction. 
Sfl.  in  water  (1:50);  nearly  inuil.  in  olc.  Suliiiiuns  arc  incompalibU  with  alk»lici| 
salt«,  mcuU,  and  tannin.  Do'c,  0.5  Gm.,  8Kr-.  U.S.?.;  0,3  to  0.6  Cm.,  s  to  lORr  .  B.P. 
Numb«rle9B  proprietary  prepam lions  arc  advertised,  but  without  material  ad%'ai<tajtf. 

Glyctr.  PipsiH..  B.P.~io  per  cent,  of  {lepMii;  t.:s  per  cent,  of  hydrochloric  odd. 
Dosr.  4  to  8  C.C..  1  to  i  drains,  H.P. 

Pepsin.  5'iiffA.— i;io  of  milk.auitar.  ,- 

lAj.  Srriparus,  N.F..  B.P.C.;  Liquid  Rennet. — Extract!  of  the  fourth  sEomacb  oM 
calves;  used  lo  ctiaRiilalc  unboiled  milk  (i:  100  to  300,  jH'C.,  lOo'F.)  for  the  prcpaim^ 
tion  ol  junkrt  and  whey. 

*  Panfrealiniim  (Paiureat.),  U.S.?.;  Puncreatin. — .\  mixture  c«otaimng  cnxymeA, 
con«ii>Itng  principa'ly  of  nmylopt^in,  trypsin  and  iteapsin,  obtcincd  from  the  fredij 
pancrtiLs  of  tlie  nug  or  of  (he  beef.     It  converts  not  lew)  than  le  limes  its  own  weichU 
of  Ktarch  into  iugar*.     However,  commercial  pantreaiin*  generoUy  contain  little  or  oxT' 

Clcnlytic  fermcnl,  and  very  unrorlain  amoimis  of  dlastMe,  The  amyltipun  octi 
I  in  a  faintly  alkaline  (o.oij  per  cent.  NatlCUi)  or  neutral  medium,  and  is  destroyed 
by  very  weak  ocldiiy  {a.ood  per  cent.  IIC1)  (lAing  and  Muhlmnn,  1914).  Tryt^in  alv> 
acts  best  when  alkaline  (o.r  to  1  per  cent,  NbiCOi)  but  is  somewhat  active  with  very 
weak  acidity.  ExceiiS  in  either  direrlion  is  dclrimcntsl.  It  acts  best  on  librin  or  casela, 
feebly  on  cooked  albumen,  .and  scarcely  at  nil  on  mw  albumen  CIionK  and  Muhlm>nn; 
Suitimiiio.  loij).  PancrCHtin  occurs  as  a  cream-colored,  amorphous  powder,  having  a 
f^nl,  peculiar  o<!or.     Slowly  sol.  in  water;  in.sol.  in  ale.     Dose,  o, ;  Km.,  S  gr.,  U.S. P. 

Liq.  Pancreat.,  B.P.— .\n  alcohol -glycerin  citracl.  Dost,  4  to  8  e.c,  1  to  •  dromi, 
B.P. 

Puh.  Pancreat.  Co..  X.F.,  B.P.t'.^Pancreatin  mixed  with  4  parli  of  fodium  bi- 
carbonate; ix  used  for  the  artificial  dlgeMion  of  milk  (i.j  (0  Joo,  j8 C,  i»o*F.,  for  half 
an  hour). 

Papain, — The  dried  milk-juice  of  the  unripe  fruit  of  Carica  Papaya.  Extracts  are 
marketed  under  proprietary  namci,.  It  is  supposed  to  digest  proteins  in  add.  alkaline 
and  neutral  media;  it»  .ictivity,  however,  is  variable,  and  alwajTs much  Icjs  than pefMin. 
The  digestion  is  more  rapid  at  80'  to  95'C.  (Poeersiti,  1909;  %:ax  of  ita  pemuarities 
were  studied  by  Mendel  and  Blood,  igio).     Dosr,  o.i  to  I  Cm. 

Eitraclnm  'Malli  (E\l.  Mall).  U.S. P. — A  watery,  pilular  extract  of  malt,  prepared 
at  ss't^-i  "id  evaporated  at  ihis  temperature  to  the  consistence  of  a  thict  honey. 
Contains  if  ioifofe,  and  therefore  digests  slarrh;  but  thcdiastalic  power  of  the  commercial 
extracts  Is  very  weak.'  It  is  mure  properly  nutrient,  being  rich  in  carbofaydram. 
Dose,  15  c.c,  ij  ounce.     Many  liquid  mall  extracts  arc  practically  strong  beer. 

Maitum,  U.S  P.;  Mall, — 'Ilic  grain  ol  barley,  Horiir-um  SRiivum,  partially  BCTRii* 
nated  arlificially.  and  then  dried  at  a  temperature  nul  exceeding  S5°U.  It  is  capable 
of  convening  not  less  than  five  times  iU  weight  of  starch  into  sugars, 

Dioila^um,  U.S.I',;  Diastase.— .\  miiturc  coataiaiuu  amylolylic  eniyme*  obtained 
from  an  infusion  of  malt.  It  converts  not  leu  than  fifty  times  its  weight  1^  potato  starch 
Into  sugars.  A  yellowish -white,  amorphous  powder  or  in  traniluccnt  scales:  odorless 
and  tasteless.  Diaslase  gritdually  loses  its  amylolylic  power  on  keeping;  is  dimintshed 
by  the  prtsencc  of  acids  or  alkalies.  SoT.  in  water;  almost  insol.  in  ale.  D«it,  o.j 
Gm..  8  gr..  U.S.P, 

Diasiatic  ferments  are  also  obtained  (rum  oilier  sources,  aalmsl  and  vqtetable; 
Taka  diastase,  fur  instance,  from  a  Japanese  mould.  Their  dioatatic  action  is  also 
weak  and  unreliable.* 

LACTIC  ACm  FERHEnTS 

These  were  introduced  by  Mclchnikofl,  with  the  idea  of  addilyinK  the  lamtiMS, 
and  thereby  preventing  inieslinal  pulrefaction,  which  he  held  rctponable  lor  premature 
senility.    They  had  only  a  brief  popularity.     Even  if  ihe  theory  of  old  a^  were  ac- 
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Felted,  there  b  no  evideiux  that  thoc  oixitnisin*  check  inmtiaal  puirdaciion.    To  the 

[ci»U»r]r,  they  uiunlly  luccumb  to  the  putrefactive  bacteria.    The  commerclAl  p(«p- 

■ntiotu  wvre  of  unccttaio  compvaitlon  (Hpineimino,   iooq)-    The  more  retlsbk  are 

Wed  in   N'.N.R.     Metchnikoll  k   Badllu*  bulgaricun  is  to  no  way  tuperior  to  the 

Stitploooocua  lacticua  which  proilucet  the  ordinary  touring  of  niUle. 

UBDICINAL  FOODS 

Lunitatioas. — The  administraiion  of  food  in  ihe  ^uiftc  o(  medicine  is 
scmctimcs  advantacLMjus;  but  nicdicin»]  foods  are  i-ubjcct  to  Uic  o[<lii)ary 
U«  of  dietetics,  and  therefore  am  not  accomplisli  the  wonders  which  are 
ofttn  daimed  for  ihem.  The  proprietary  t'oodn  ha\x  iwcn  enormously 
tied,  and  therefore  have  probably  done  more  liarm  than  good. 
■  ultimate  value  of  any  food  depends  niainly  on  the  amount  of  t'^lorics 
wUtfa  It  can  yield,  and  on  its  supplying  at  least  a.  minimum  of  proteins. 
In  these  respects,  the  medicioal  food-t  are  all  inferior,  for  Ihey  can  not  be 
adnimstcrca  practically  in  sufficient  quantity  to  supply  the  needs  of  the 
baiy.  They  have  a  place  as  adjuvants  to  other  fooda,  permitting  the 
iatroduction  of  more  food  than  the  patient  cutihl  othcrwisw  be  induced  to 
lale.  This  may  be  needed  for  superalimentation;  when  digestion  is  low, 
a«  in  fe%'er«  or  conviUesccnce;  or  lo  tide  the  patient  over  some  iriiiporary 
chsa.  Aside  from  the  spc^rlal  diabetes  foods  and  cod  liver  oil,  their  value 
is  Iweetv  psychic.  The  better  medicinal  foods,  it  is  true,  are  free  from 
UM%flUble  poTtions,  and  are  pleasantly  tlavorvd;  those  which  contain 
■Ben  extractives  would  stimulate  the  flow  of  f;astric  juice;  but  all  these 
pnfxrties  are  nossessed  by  mtlk,  eggs,  cereals  and  imuan.  A  few  are  more 
concentrated;  nut  this  has  no  advantage  in  feeding  the  dck,  sinoc  water 
i>wt  be  supplied  in  one  form  or  another. 

PreitigMied  Foods.-  -The  valuv  of  these  i«  doubtful,  even  If  they  are 

*tB«tilieed;  for  digestive  di.si urhances  involve  more  commonly  the  motor 

(nclioos  and  absorptiiin  thnn  the  chemical  functions.    The  continued 

Jicolpredjgcsted  fixKls  often  produces  irritation.     Their  main  field  is  in 

il  alimentation. 

hMtaMfaa  of  th*  Product!  of  ArtiBcial  Digeslioa. — It  hm  bcvn  nucstioncd  ohrther 

fjm  effective  as  lli»l  rif  lh<-  giroilucti  iiT natural  dijirstion,     Ttic  work  of  Alidri- 

n  tad  others  haa  ihonm  tlial  nilroiccn  efjuiUbrium  can  be  maintained  in  animal* 

**  •  4rt  of  Ihr  prodiKta  of  add-hydrolftit  of  proteins,  if  thnc  are  sufficiently  varied 

''tani.T  a  proper  balann  of  the  varioits  amino-addH.  etc.     (Kep.  CF.C,  igti). 

Aiioib  i<rith  their  dijtMtive  caaal  exciaed  can  be  kept  ali\e  by  iniiavenuUBiajciiion 
"Miao-add  muitura.  but  nut  by  peploncf,  pro(CD««i,  ammonium  or  uria  (llcnriqucf 
*ftedmon,  1914)- 

nr  ^tptosM."— The  dried  products  of  the  artificial  diKmiion  of  moata,  usually 
^WXS  nainly  ot  ilbumovei.  Their  latte  is  di.iaiirteable  and  Ihey  often  cause 
^>Ul«.  latravoftoinly  ihcy  arc  toxic,  lowering  the  blood  prtSMrc  and  tcndcroig 
■■UMd  acHKoagulable  (mo  Index).  In  "  Erqiton,"  N.N.R.,  the  digestion  ha*  liccn 
BiM  la  the  alagc  of  amtnO'addv 

iMl  h«dlEMMd  Poods.— As  found  on  the  markrt,  thcK  are  Oatored  tolutiona 

MyfaH  tnall  unonnts  of  prrdiitmlcd  proteins  {^i  tu  0  prr  cent.)  and  of  suflan  ind 

^amhydnttc*  (H  to  15  per  cent.),  with  i>  to  iq  per  cent,  ui  alcohol,  and  ufteii 

JHuje  <|aaatJt)n  (up  to  jo  per  cent.)  of  ulycerin  (details  in  Rep.  C.P.C,  J.A.M.A., 

•*r  <i.  iQo;).    Their  protein  content  avrraucs  irta  than  that  of  milk  (j.^  per  cent.), 

'*'i*  cacrsy  value,  on  the  ba*u  of  calorics,  they  arc  vastly  inferior.    Their  daily  doae 

Wtoifocc.)  yields  but  sj  to  joo  calories,  inctudtng  their  alcohol;  and  thin  >t,  only 

JM'Uirodb  to  nne-fiflh  of  the  mLnlmum  daily  reijuirement,  even  of  tcitini;  patients 

moiiiiric*,  yielded  by  two  quartsofmDk).  Toincreflsclhardoselolbat  required  to 

bliln  nutrition  woufd  mean  the  ingcatioo  of  an  amount  of  alcohol  ctiuivalcnt  to 

■■aiiat  uf  «huky  per  day. 

I**  Hqnid  food  should  be  given  considemlion  unleto  it  eontoini,  cxcluuve  of  aleoho] 
"'dyctrio,  at  lca«t  m  audi  food  value  as  milk;  and  at  least  vne-fnurlh  of  this  khouM 
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bein  thaformof  nitrogciiousconsiiiucnti.  Those  compl^ng  with  thii  requircBicBl  are 
«anment«tl  in  N'.NK  Ii^vl'h  thcic  can  only  lir  cnnkicjt-icd  as  adjuvuiU  uid  vehidtc. 
Heat  and  Beef  Juices. — Wlicn  prepared  ettcmporaneuuily  by  cxprciidon  of  (roll 
or  xlighlly  broiled  tiicHl,  these  conintn  from  i.;  to  u  per  cent,  of  coa^lable  prolriiti, 
and  J  to  4  [irr  rent,  of  other  proteins  and  nitroicenovit  ettraillves.  Thc>-  liave  ihvn- 
foreamodcrnte  valueiusourccsofnitroRrn.  Thcrnmmcrcialprcpnrationt  are  xuppnacd 
U>  be  concentrated;  in  fuel,  however,  they  are  very  inferior,  I'onlaininK  but  0-7  lo  t  per 
cent,  of  coa|;ulable  proleins;  uliiers  are  reinforced  by  the  addition  of  delibriiiated  bluod. 
augnr.  glycerin,  etc.,  which  are  of  doubtful  utility  (Rep,  Cr.P.C,  J.A.M.A.,  Nov.  jo, 

Bouillon  and  Meat  Extracts. — BouiUoa  (beef-tea)  i*  prepared  by  boiling  meat  iritli 
water;  the  extracts  bj'  evaporating  the  *olutinn  to  a  semisolid  eDniwIency.  The  co- 
Bgulablc  proteins  arc  removed  by  [his  pioccst,  the  cxtrarl  contnininK  the  salts  of  the 
meat,  tbc  Savoring  mbstunces  and  meat  ItaMs  (lanthiu  and  crculin  products)  and  a 
ircrtain  amount  of  non-coogulnble  protein,  in  the  form  of  gelatin,  albumo*cs.  etc.  In  the 
•mall  amounts  in  which  they  are  uM'd.  these  preparations  coiitalii  a  mry  injiKmfic«mt 
^wariily  »/  niilrimtnl.  They  are,  however.  Valuable  at  slimulanls.  They  owe  theli 
action  largely  to  tbc  odorous  principles  which  they  contain,  and  which  are  cxccllenl 
•lomacbic^  (Wolff,  loli). 

The  pota^^ium  salts  have  also  b<^en  invoked  to  explain  the  action,  it  being  claimol 
that  they  stimulate  the  heart  in  moderate  do«s  and  pnralyie  it  in  large  dose*.  But 
the  dose  rc'iuircd  to  produce  the  former  cITcc I  is  very  much  larger  than  would  be  admin- 
istered in  bccf-Ica, 

Beef  extracts  of  the  Liebig  type  tpa^ty  consistency)  contain  bo  to  So  per  cent,  of 
aolids.  of  whirh  j  to  i8  per  cent,  are  soluble  proteins,  i  to  5  per  cent,  intolunle  protein*. 
II  to  25  pi'r  cent,  meal-bases,  and  13  to  30  percent  ash  (McGfll,  1S90}.  They  are  utod 
to  flavor  soups,  etc. 

toaoluble  Meat  Powders. — Tropon,  Soi:an,  etc.,  are  employed  to  thicken  toupt. 
Their  uselulnc.HS  is  very  limited. 

Casein  Powders. — Include  nutrose,  N.N.R.  [«)dium  cascinnte);  and  lomc  ad»-er- 
IJscd  to  the  public  with  moU  extravagant  claims  (Ssnatogcn,  J.A.M.A..  May  6,  1911, 
etc.).  It  19  diOicult  lu  understand  in  what  ways  these  could  be  superior  to  ordlnaiy 
cottagc^;hcese. 

Dextrose,  N.N.R, — Prepared  arlificIaUy  by  the  action  of  dilute  acids  on  stanli: 
it  sometimes  used  as  nutrient  (to  I  So  Cm.,  6  ounces  daily);  and  as  on  addition  to  saline 
infusion  liiiuida  |o  i  per  cent.). 

Rapidity  of  OxidalioD  of  Sugars. — In  man.  the  r^piralory  quotient  thows  that 
sBccharnse,  lactose,  levulo^ie  and  Inctosc  begin  to  be  uiidixed  witbul  live  Or  ten  minutes 
alter  their  ingestion.  With  gtuco^  and  maltose,  oxidation  bcgiitR  only  after  10  or  jo 
minutes  (Uiggins,  ioi6), 

DIABETES  FOODS 

Gluten  flours  should  be  practically  free  from  carbohydrates;  but  many  aic 
fraudulent  U-^-M.A,,  1913.  60  .<)i2i  Street,  11)13),  Those  acceptable  arc  raumcrslcd 
in  N.N.R.     Other  "  IJiabeles  Flours''  consist  of  casein,  etc. 

Levulose,  N.N.R.,  and  inulin  arc  sometimes  tolerated  better  than  other  sugars. 
{y.  Noorden,  1910;  UoudberK.  1913);  but  the  difference  is  usually  not  important.  In 
pancreatic  diabetes  and  phosphorus  glycosuria  the  Icvulnsc  is  deposited  ai  glycoecn, 
whilst  dextrose  i-,  not  {E.  Neubauer,  1909).  H.  D.  Lewis  and  Fmnki'l,  1914,  conclude 
that  inulin  ii  quite  useless.  It  is  not  digested,  although  some  is  burned  by  the  intoitinal 
bacteria.     None  is  converted  into  utilizable  carbohydrate,  even  in  phlorhizin  aniiuats. 

Graic,  1914.  bnds  promising  results  with  carameliied  lugar.  It  is  all  absorbed  and 
completely  tolerated  even  in  scvcrt  diabetes.  It  does  not  increase  the  blood-suj"ar, 
and  the  respirator}'  quotient  shows  that  it  is  utilized  in  the  dUbetic  as  well  as  notiuat 
organism. 

Mannit  'n  also  employed  as  swecrencr,  being  assimilated  without  causing  glycoMiria; 
dosei  alHive  ;o  to  jo  Cm.  are  laxative.  (For  normal  assimilation  limits  oJ  varktns 
carbohydrates,  see  Mndeod,  1913  and  tgu;  Jicobion,  1913.) 

Hedioalt,  N,N.R.^.\a  arlJlicial  «ugnr,  tjie  lacton  of  a  glucoheptonic  add;  was  intro- 
duced by  Rosenfcid,  191 1,  as  sweetening  agent  and  food,  but  lis  failed  to  reati«  the 
original  expectation.  When  administered  by  mouth,  it,  lo  8s  per  cent,  is  excreted  un- 
changed by  the  urine  and  fccc«.  The  fate  of  the  remainder  has  not  been  cstahlithed- 
Large  doses  produce  diarrhea  and  other  iligcstive  disturbances.  It*  excretion  ta 
diminished  in  nephritis,  resulting  in  retention  (Kohshi,  1911:  Kramer,  191a;  L«n<l> 
1914). 


AND    NUTRIEJ 

JamtKl. — Tlicfrull,  l«ftl.or  bark  o(.^'.vt>'|[iunt /um/'iifan^i,  F^lvm  Asia.  It  contains 
■n  etScnlinl  oil,  Uiuiin.  and  probably  a  glucoiid.  It  hat  iKi-a  rccommoidcii  in  ilicbetca 
EnrlUius  in  4at«t  of  □  j  to  0.5  Clm.  of  the  fruit  (5  (o  S  Krains).    Kflidency  doubtful. 


I 
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COD  LIVER  on. 

This  is  employed  a&  nutrient  in  tuberculosis,  ritkcls.  diabetes  and  other 
wasting  diseases.  It  has  a  very  high  food  value,  a  ublcspiKinful  yielding 
about  130  calories. 

Animal  experiments  support  the  clinical  conclusion  that  it  favors 
nutrition  and  growth  more  than  other  faU,  The  reasions  for  this  suijcrior- 
ily  are  obscure,  but  it  is  not  shared  by  fat-free  extracts. 

The  oil  may  cause  distaste,  crucialioiis  and  diarrhea.  These  are 
often  avoided  by  starting  with  small  doses,  gradually  increased.  It 
is  generally  administered  two  hours  after  meals.  Indigestion  and  fever 
CODtraindicate  its  use. 

Supcrioritj  over  Other  Fati. — Cod  liver  oil  wks  adopted  into  medicine  in  the  culy 
decades  of  last  century  Iroin  the  Norwegian  fishermen,  who  prepnind  it  by  very  crude 
mettiodi,  involving  pulie/action.  These  oils,  therefore,  conlauied  free  f»lty  nc'tdn 
(fliictihctin,  1S74),  bile  conmitucnU  (Naumann.  186;),  cholcslcrin.  putrefnctive  alku- 
lofds  (uellin,  morrfauin,  etc.;  <.>au1i(T  and  Moucges),  traces  of  iodin  Ubout  ni  much  a* 
MttcfS),  and  other  impurilict.  All  of  these  huve  been  credited  with  the  effects;  but 
IMM  BUbslsntti^  arc  ciiminitliyl  in  Itir  modern  Htinitury  processes,  ivithout  decreasing 
the  iBcfnlncM  of  the  oil;  whilit  "oil-free,"  "lasit-lcsi"  citrocts,  uines, ctc.,areuicless 
(Rep.  CP.C,  J.A.M.A  ,  Oct.  9.  taog). 

The  easier  cmulsiiiciitlon  of  the  oil  is  probably  a  peculiarity  of  its  characteristic 
bis.  which  are  litrselyglycerids  of  jecoleic  and  Lherapic  acid>.  l.tpanin  wax  a  mblure  of 
olive  oil  with  6  per  cent,  of  oleic  acid,  based  on  Buclihclm'^  sug^i'ition  that  free  .irlrln 
tid amublGcalloa,  It  has  not  eitalilshcl  itself  clinically.  The  diRi"4<ih!llCy  of  diOerent 
uuraal  Eatft  it  diftOiMcd  by  Utnjtiroithy  and  Holmex,  tijic.  Moltrum.  ii}i;,nltriliiirei^ 
the  superiority  to  the  Lijih  pertcnt^ige  of  utiMitumled  lalty  acids,  wlikh  approuhes 
more  clou-ly  the  fnrm  in  '^'hicb  fat  iz^  supposed  lo  be  utilised  in  melnbuli^m 

Specific  Influeoce  of  Fats  on  Growth. — Osborne  and  Mendel,  igij  and  1914;  Mc- 
CoHiuB  and  Uavis,  loij;  and  Mendel.  1915.  investigated  thii  on  mt«  msinljiincrf  on 
utiSdaldiett  that  kept  upthcirbody-wcight,  but  did  not  allow  further  gmwlh.  Growth 
Enuoird  wticn  bultcr-lkl.  ljeef*(at  egg-yolk  li|Kiid  or  especially  cod  liver  oil  were  added 
lo  the  diet;  whereas  lard  and  olive  or  nlmond  oil  were  incfiective.  This  fal-solulilc 
novth-ptomoting  sub«lanec  "\"  i*  widely  distributed  in  plants,  ociruning  also  in 
MBVCS  nfcCollum,  Sirmiionds  &  Pits,  1016I.  Fiil-fric  extracts  of  cod  liver  oil  do  not 
Auc  this  specific  nutrivni  effect  of  the  oil  (Street,  igij). 

TlieKrowth'proiiiQiinKacii.in  .if  bultet-fat  i»  not  due  to  contamination  with  nitrogen 
M  phoaphciru*  comp<'unds  (O^Jiurne  ,ind  Wakcman,  1915).  H  is  confined  lo  thrportioiv 
oitheui  with  low  melting-point  is  not  dc»lroycd  hy  steam  (Osborne  and  Mendel.  191  i). 
ud  tt  it  exists  in  butter,  Ik  very  Mahle  under  niijinaryrondit  ions  of  (lorage  (Mendel  and 
WiMae,  igi6).  Another,  a  waler-scilublegrowtli-proo)Otlnj£?ul>»ita(icc"l("  (Funk  and 
Maollum,  1914),  b  also  of  wide  occurrence  in  animal  and  vcgclablc  foods  (iMeCollum 

nttmios. — Thcfc  are  fioracwhat  analogous  but  probably  not  idcnlirnl  iubstancei, 
oiU  countcfact  the  harmful  effects  of  certain  limited  dielaries.  Kykman  disciveted 
•W  polyneuritis  resembling  beri-beri  can  be  induced  in  fowls  by  an  exclusive  diet  of 
Haied  rice.  Funk.  [911.  found  that  this  can  be  prevented  by  umall  amounts  of  a 
«'tat»ace  separated  from  rice  polishinK*.  which  he  colls  a  vitamin.  Its  eracl  nature  i* 
*M  yel  known,  but  it  'n  probably  n  fairly  Hmpic  tubmancc.  Similar  principles  can  be 
^■vfutd  Iran  yeast,  etc, 

>>KK1>AJCATI0NJ) — COD  UVBR  OIL 

'dam  Uerthuv  (01.  Morrh.),  U.S.P..  B.P.;  Cod  Li*-cr  OU  (01.  Jccorii  Aselli).— 
Aindeil  from  the  fresh  livert  ofGaiinx  Morrkua  and  other  tperies,  Ornirs  as  a  pale 
T^^  tbin  oil,  having  a  pectilior  fishy,  but  not  rancid  odor,  and  a  bbnd  fishy  taste. 
It  lUcktM  00  «xpoture  to  ail.  Dott,  10  ex.,  iH  drams,  U.S.P.j  4  to  tj  cc,  i  10  4 
'hUi.B.P, 
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'  Emuhum  OM  ilerrliua  (Emul.  OL  Morrh.L  U.S. P.— A  y>  per  cent.  muUoo, 
niado  witli  nCMilii,  >wrcU'cic<J  »ilh  «yni[)  nnd  flavored  »tlli  irinUrrgreoa.  Dost,  t;  c^, 
4  dnmi,  U.S. P. 

PAHENTERAL  ALIMENTATION 

Rectal  Feeding. — This  becomes  necessary  when  alimenlulion  by 
mouth  is  inadmissible.  However,  only  sugars  arc  well  absorbed  by  thb 
channel;  fals,  uiuligesled  proteins,  milk  and  caitetn  jioorly. 

The  nbsorbatiility  may  be  iDi-rraBrd  by  paDcreatli:  |)rr<li|:ntlua  (Reach,  igoi). 
Even  with  pcplonLtwi  milk.  Ihc  ai-btagc  daily  nbsorptioa  of  nitroHcn  U  only  1.14  Gm,, 
{.r.,  praititiilly  insi^nificnnt  (Adicr,  iu'5).  The  iibsorplioi  of  lau  from  cncrnjii  b 
negliuiblt  (Niikasliima.  1014).  JuiIki-U  bv  the  urinary  nitrogen,  practkally  no 
protein  Is  absorbed  from  milk  or  eggs,  imless  the  pentonixatinn  is  cnrrinl  to  ihai 
&mlno-and  stngc.  DcvlroKei»  wcllal^nrbeil  and  ullllxcd,  bcinR  capable  of  dimiuuhing' 
atetonuria  (Bcrgmark,  luis). 

Rectal  aiimcntiticm  suffices  for  only  n  limited  time,  varying  with  the  prcvloiu  c<m- 
tiilton  of  the  pjiticnl,  cspcfinMy  its  regarils  ndifiosc  lUme-  The  food  is  inlroduced] 
intu  the  rFclum  in  the  furrn  of  Fncm.iln.  Thi'si'  must  bi^  mudc  as  nun-irritant  a*  pooiblt! 
i,e,,  they  mij5t  not  lie  too  concentrated.  They  must  be  warmed  and  injected  very  slovlfl 
In  »m.ill  ciiianlitiesof  ft  tf>  8  ounces  {»oo  c,c.)  at  each  injection,  rfrH'«lc<J  at  interi-akiaf  J 
lii  to  ru:ht  hours.  The  conslituent^  must  of  course  all  be  in  the  liquid  form.  Thai 
best  medium  is  milk,  pancrcatized  for  twenty-four  hourt,  with  j  per  cent,  of  dexIroMJ 
xddcd  (Hywalentand  Short.  iQijJjand  in  this  the  luumr  probably  plays  Uie  main  part.' 

Small  eiicriius  arc  carried  by  anliperisLalsii  to  the  cecum,  but  not  into  the  ileum; 
with  larger  injetiions.  some  of  the  material  ]iaaBe«  into  the  small  inlr»linc  (Cannon). 

Subcutaneous  Feeding.— The  hyiMxIefmic  injection  of  nutrient  wlulions  has  been 
tried  with  limited  suitess.  DexlroK  baa  given  the  most  promising  results.  Eveal 
Ikrge  do^es  are  well  utilized  and  have  no  dctrimcntnl  effects  on  nitioRcn  meiaboliaiil| 
(Uodcrhill  and  Closson,  190(1:  Itercntlcs,  iQti);  but  aro  cftpable  of  diminishing  ac^J 
(oDuria  (Bergmaik,  1915).  Only  a  small  pru|iorlioQ,  is  eicrel«il  into  the  olimcntmiy  . 
tract  (Kleiner,  iqii).  A  S  per  cent,  solution  may  bo  jciven  under  the  skin,  or  toper 
«fnt.  Inirftvenously,  up  to  i.ooo  c.c.  per  day  (Kau>ch.  191 1). 

SaccharoK  Is  paitly  utilised  (Metidcl  and  .Milcliell.  lOOS:  about  one- third.  JapelU 
«nd  d'Errieo);  but  mainlv  excreted  unchani^  (Mendel  and  Kleiner.  1910;  Ilcilnet, 
1911).  It  i«  not  available  lor  feedtns  (Mendel.  1914).  Rochmann,  191J.  cUia 
that  the  blood,  alter  intravenous  saccuLrosc  Injections,  sometimes  develops  (em 
that  invert  it  to  dextrose  and  levulose,  and  even  convert  these  into  lactose.  Abdefwl 
halden  and  Brohm  suggest  that  the  utilluilion  may  be  explained  by  partial  excrclloa 
into  Uie  allmrntnry  canal,  where  it  is  converted,  and  rrabwrU'd  in  usable  form. 
I.Artt>iic.  dcilrin  and  plycoRra  arc  also  not  available.     In  normal  animals,  lactote  ift. 

i'ectcd  inifi  the  blood  disiippcors  rapidly  into  the  tissues  and  utine;  nflcr  nephritis  of 
a  uephreetomixcd  animals,  it  is  reldincd  in  the  blood  (O,  Sehwuii  and  PitUy.  tgt5l., 
OH  can  be  utilised  hy]ioiJeimicalIyi   10  to  loo  Gm.  per  day  of  olive  oil  beinft  dowlyi 
injected  with  the  same  tcchnic  as  Li  used  for  the  injection  of  antiloilc  serum*.     The 
absorjrtion.  however,  is  so  slow  that  these  Injecilons  are  sImuBt  worthless  (Wintcmiu, 

1901;  llcndetson  and  Crofutt.  1905). 

mtrmvenotis  Feeding.— This  has  been  accomplished  successfully  in  animal*,  by  1 
mitlure  of  proltiri — cleavage  producla,  dc.itrosc,  widium  ftcctaic  and  salts  (Hendriqim^ 
and  .\nderson,  iqiji-     .Serum  protein  is  well  utilized  (.\ustin  and  Eisenbrcy,  tgis), 
but  the  dsnRcrs  r.inaphyla\is,  etc  )  pircludc  its  clinical  use  as  nutrient. 

Fat  iritr'J'lucC'l  in  emuMon  inlravcnoiivly  Is  also  burned  (Murlln  and  Riche,  1915); 
and  so,  of  course,  is  dextrose. 


EMOLLIENTS 

Definitioa  of  Emollients  and  Demulcents.— These  are  druRs  whicli 
soften,  "rtlax,"  protect,  and  "soothe"  the  parts  lo  which  they  are  applied; 
in  other  words,  dru^  which  l^■s^en  irritation.  The  term  emolSknl  i^  re- 
stricted more  to  those  used  on  ihi:  skin,  ttemnUcnl  to  those  applied  lo  mucous 
membranes.     No  very  sharp  distinction  can  be  drawn  between  these,  and 


EUOLLICNTS 
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many  bdong  lo  both  cUtses;  but,  as  a  rule,  the  fats  arc  uiicd  ii«  emollients, 

I    the  Kun^  a&  demulcents. 

I  These  substances  lessen  the  action  of  all  chcmic,  mechanical  or  bac- 

teria! irritants;  diiniiushin^  pain,  reflexes,  catarrh,  and  alt  manifestations 
of  irritation.  They  also  delay  and  diminish  absorption,  particularly 
from  the  stomach,  but  also  from  the  tnleAline,  suliculancoua  tissue,  etc. 
ta  this  way  they  diminish  the  svi^temici-fTccts  of  absorbable  |XHSons,  whilst 
tHcy  prolong  their  local  action.s. 

Mechanism  of  Action. — Colloids  and  fats  ar«  practically  indifferent 
»nd  inabsorbabic  tor  cells,  so  that  thc>'  do  not  produce  any  direct  effects 

,  c>fa  them;  but  through  their  adhesive  character,  they  form  an  extra  covcr- 
i  taj5  to  the  surfaces  to  which  they  arc  applied,  and  thus  hinder  the  access 
>f    irritant  a^entii.    Their  action  conaisLi,  therefore,  in  mechanical  pro< 
rtlon,  and  is  strictly  local.     Fine  insoluble  adhesive  powders  (talcum, 
tisjnuth)  act  similarly. 

£Mttanati«m. — The  oib  (veveDt  the  ptnelnitioD  of  iraicr'ooluble  mbttances,  the 
xu  tbtt  el  Uu  and  mins.    Gunu  abo  loMn  the  tflteU  of  crystalloidt,  althouth  ihey 

Dot  lai|Mde  thrlr  <liffuiion.  They  produoe  thii  eBect  by  iacreuing  the  vucidhpr 
of  Kbe  Mhiliod.  tbeteby  inlrrfcring  with  it*  traniportntion  (von  Tlippcincr,  >90>). 
AidfliorpiiMt  nnibably  klso  pla>i  a  part,  for  dJHolted  Bubslancci  art  condcnsrd  on  (be 
*»a*tmon  ol  fiae  wwdcn  and  thus  removed  from  the  solution. 

One  wcs  a  (Mautiful  illiulration  at  theic  fact*  in  the  nnlurnl  lubrimntK  of  body- 
oavwtioci.  Whittt  the  skin  i»  tiomally  covered  with  a  thin  kvrr  of  oil,  ili«  maa- 
bnaxMt  ol  the  Interior  of  ihc  body  are  fflobteoed  with  mucus,  whk-h  is  a  typical  t^amtay 
daBukent. 

f  Emollient  Drugs. — These  comprise  the  true  faut  and  oils  (glyceridg 

of  fatty  acids),  woolfat,  i>etrola(um,  aad  glycerin.  They  are  employed 
tnninly  on  external  surfaces,  to  soften  and  protect  the  skin,  ulcers,  oums, 
arKl  other  su|)erli(ial  woumls;  as  vehicles  (salves)  for  the  application  of 
meilicamenis  to  the  sliin  or,  more  rarely,  for  systemic  effects  (mctcurial 
Vnunciions).  Internally,  the  true  fats  serve  as  nutrients.  Larger  amounts 
than  can  be  digested  stimulate  peristalsis  and  act  as  intestinal  lubricaota 
^nd  laxatives.  For  external  use,  the  liquid  or  semifluid  fats  (oils,  lard, 
Wwdlat,  glycerin)  should  be  chosen  if  a  deep  effect  is  desired  for  soflerunK 
tt»e  (kin  or  for  inunction.  The  effects  of  petrolatum  and  of  the  harder 
ctrtlcs"  and  plasti-rs  arc  more  superficial  and  prolmiged, 
kiwtration  of  (be  Skin. — Oils  penetrate  the  cpi<!crmi8  much  more 
'fly  than  watery  solulinmi.  Ruhlied  into  the  skin,  they  enter  the 
glands  and  eventually  can  be  demonstrated  microscopically 
'  lie  lymph  channels.  Trite  fats  are  gradually  oxidi/ed  and  dlsappeftr; 
mifcr  miitcral  fats  remain  for  a  long  time  in  the  subcutaneous  tissue,  and 
I'QiiM  produce  chronic  irritation  and  fibrosis.  The  animal  and  vegetable 
'  ^therefore  deserve  preference  when  penetration  is  desired  (Sobteronski; 
Watf:  Meyer;  see  "Ointments"  in  Index). 

haOa  ftothMiB, — Tbc  penUicnce  of  the  oiineral  lad  in  the  lubcutaneoui  tiaue 
*■  >Ka  ■Ufized  for  tlie  tarrttti/rn  ef  dffartailifi  ('■(.,  of  the  dosc),  by  InjccUng  tub- 
^'Umorijr  a  mixtute  of  paniKu  mritlnit  al  aliouC  ^o'C.  Tlicrc  is  somr  danjc«  of 
*Min,  aad  tbc  remit*  are  not  pennaoeni,  the  paraffia  bring  cnduolly  replaced  by 
•WUiM*  (Hddlngfdd,  1910). 

Ntoctioo  of  (he  Skio.— The  oily  emollients  and  glycerin  soften  the 

"'Umetmicum,  and  render  the  skin  mure  pliable  and  resistant  to  injuri- 

^<|encies.    They  reinforce  in  this  manner  Uie  natural  fat  ol  the  skin 

'J^ prevent   roughncsA  and  "cracks"  from  wmd,  cold  weather,  sun* 

^.  tkb  diseftscs,  etc. 
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Rancidity.— Fats  turn  "rancid"  on  keeping,  especially  if  they  are  ex- 
posed to  air,  light,  and  heat,  and  if  lliey  cntilain  protujn  impuritJos.  The 
change  consists  in  oxidation  with  the  development  of  free  volatile  fatly 
adds.  Rancid  fats  arc  disagn-wiblc  and  irritating,  and  therefore  unfit 
for  medicinal  use.  I>anoHn  and  the  petroleum  products  are  free  from  this 
objection. 

OLIVE  on.  AND  OTHER  BLAND  FATTY  OILS  lOLEA  PIHGDA) 

Uses. — The  expressed  oils  of  olive,  cottonseed,  almond,  sesame,  etc.. 
are  essentially  similar.  For  internal  use,  olive  oil  is  preferred  hecau^  of 
its  more  agreeable  flavor.  These  oils  arc  employed  exlcroally  to  soften 
the  skin  and  crusts  in  eczema  and  psoriasis;  as  dressing  for  bumii;  as 
vehicles  for  liniments,  etc;  and  by  rectal  injection,  to  soften  fccaJ  concre- 
tions ([50  to  500  C.C,  5  to  10  ounces,  of  the  cheaper  cottonseed  oil,  wanned. 
HertB  claims  that  oil  is  less  effective  than  water  for  this  purpose).  In- 
ternally, olive  oil  is  used  as  nutrient,  laxative,  and  in  bjperchlorhydria 
(is  to  50  C.C,  i-i  to  2  ounces  l)efore  meals).  Kennedy  and  others  have 
claimed  beneficial  results  in  biliary  colic,  using  large  doses  (150  to  500  ex. 
in  four  to  eight  portions  within  three  hours),  list  effects,  if  any,  have  not 
been  explained;  it  does  not  increase  iJie  flow  of  bile,  and  the  concretions 
found  in  the  feces  when  olive  oil  and  epsom  salt  are  givta,  are  not  gall- 
Atones,  but  simply  soap  (magnesium  oleate). 

These  oils  arc  insoluble  in  water  or  glycerin,  very  sparingly  in  alcohol, 
freely  in  chloroform,  ether,  volatile  oils,  or  fats. 

Fats  are  useful  antidotes  in  corrosive  poisoning. 

Influence  on  Digestion. — Neutral  fats  alky  gaslrir  pcri&lAJus,  diminUh  gftslrk 
Mcrctioti  iiiid  aLidJly  (Paulow;  Conic  and  Munsun,  1908;  Cliiari.  1915),  ^itMl  iesera 
the  |>yloric  tone.  Thcv  ioave  the  stomath  ilowly  aad  in  mutl)  pnrtionsi  a  fatly  meal 
requiring  >cvcn  hnur^  lor  cnmplcic  [iiis^age  idIo  the  (luodeuum.  The  ili)i(siibilily  of 
animil  fats  is  discusstd  by  Langwurthy  and  Itolmrs.  1015.  The  len;fth  of  icastric 
eojoiim  increases  with  the  melting-point  of  the  (nt,  Fcycr.  191^1.  In  the  duodenuin, 
(ats  check  thcga'itric  ijiichargcanditirautalr  Ihe  flow  uf  pancrcalic  juice  and  IhcevBcun. 
tion  of  the  ^."ill-l"j  1.1(1  dtT  (K!ee  ind  Knui^iifuln  IQ14J. 

SubcutBaeous  Injectioos  of  fals  as  nutrients  nTre  proposed  by  Lcube,  t&os.  Thev 
can  be  administered  indefinitely  without  irritslion  or  other  diMuibancc,  and  afv  grad- 
uttlly  ntisorbed  by  the  lymph.  However,  the  absorption  of  plain  fats  is  too  slow  to 
be  of  pruclicrtl  value  (Winlcmilji,  n)oy,  V.  Henderson  and  Crotutt.  1905).  Somewhat 
belter  results  were  obtained  «ith  fats  emulsified  by  lecithin  (Mills  and  Comgdon,  191 1>, 
The  injection  o!  free  fatty  acld^  would  be  toxic.  Fats  are  also  oxidixed  when  emuUioiu 
are  injected  into  a  veil)  (Murlin  and  KJche,  1Q15). 

Oleic  Acid  Anemia.— The  continued  adiniiii.fclrtitinn  of  large  doics  of  oleic  add,  by 
mouth  or  hjTiodermicnlly,  to  animals,  produces  hemolysis  and  severe  anemia  (Pausl, 
1006  and  1008;  I'olano.  loO"):  Adler,  101 1).  Similnr  effects  prixJuced  by  the  injection 
ol  extracts  of  tapeworm  (bolhrioccphalus)  are  also  due  (O  Oleic  add-choleslcrin  e«Icr* 
(Faust).  The  Mturuird  highrc  fatty  acids  arc  alio  hemolytic  (Shimaunio,  loii). 
The  hemolysin  of  bacterium  pulidum  Is  oxydimnthyl  thiol-entric  add,  a  typical  nn- 
saturated  tatty  acid  (Ilutckhatdt,  1910). 

PRF.PAKATIONS— PATTV   OILS 

•  Okum  Olha  (Ol.  OUv.),  U.S.P..  B.P.;  Olive  oil  (Swpet  Oil).— A  pale  >«llow  or 
rreenish- yellow  fixed  oil,  ciprtwed  from  the  ripe  fruil  of  OIca  europna-  Slightly  aol. 
u  ale    boif,  joc.c.,  I  ounce,  U.S.P. 

OUum  Geisypii  Stminis  (01.  Gosij-p.  Stm.).  U.S.P.;  Cottonitped  Oil,— Hied  oil, 

Utpretacd  from  seeds  of  culliiali-d  vanetie*  of  Gouypium.    Slijthtiy  sol.  in  ak.     On 

iccount  of  its  dieapnesi.  it  ii  especially  adapted  for  citcrruil  use.     It  is  inferior  forinur- 

al  ad  mi  nisi  ration;  it  can  not  be  icadQy  emulsified  or  saponilicii,  since  tJie  free  tetty 

dds  have  been  rtmuved  in  the  procts*  of  purification. 
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WOOLFAT-LAKOLm 

This  differs  chemically  from  urdinury  (uts  in  that  the  fatty  acids  are 
not  united  to  glycerin  but  to  cholcstcrin  and  Uocholcsteriii  and  smaller 
quantities  of  other  alcohols. 

Crude  woolfat  or  suinl  was  used  by  the  ancients,  but  was  too  disaffree- 
able,  until  a  purilicd  product  was  introduced  by  Licbrcich  as  "lanolin." 
Even  this  has  a  rather  unpleasant  odor  and  disagreeable  sticky  consist- 
ency, but  it  does  not  readily  turn  rancid.  Since  its  compoMtion  resem* 
bles  that  of  the  natural  skin-fal,  it  was  believed  that  it  would  be  mon; 
readily  absorbed;  but  this  does  not  seem  to  be  the  case.  iLi  chief  advan< 
tagc  lies  in  the  property  of  forming  salvc-iikc  emulsions  vrith  up  to  two  or 
three  limes  jia  volume  of  water,  so  that  watery  solutions  may  be  incor- 
porated with  it.  This  is  attributed  by  Licfschuetz  and  Unna  (E.  Unna, 
1917)  to  traces  of  free  isocholcslcrin  and  oxycholcsierin.  It  also  cmul- 
silies  other  fats  and  petrolatum.  Anhydrous  woolfat  is  too  sticky  for  use. 
It  is  employed  after  the  admixture  of  .50  per  cent,  of  water  (Hydrous  Wool- 
fat), or  ueiler  with  the  further  addition  of  an  equal  weight  of  petrolatum 
or  other  fat.     It  is  not  absorbed  from  the  intestines  (Bloor,  1913). 

PH  KPARATIONS — WOOLFATS 

*Ad*pi  Lana  Hydresus  (Adeps  Lan.  Hyd-).  U.S.P,.  B.P.:  Hydrous  Woolfil  (Lano-~ 
Un). — Contains  from  is  •"  Jo  pi^r  Cent,  of  ivjtCer.     A  yellowish -while,  or  ncnriy  while, 
ointmcnl'like  thJiSS,  bavinic  not  more  Ihan  a  slii^ht  odor.     Miscilik  witli  ahout  twice 
its  weighi  of  water. 

Adept  Lan.,  U.S. P.,  B.P.;  Woolfnl.— The  purified  tut  of  the  nool  of  sheep  fteod 
from  water.  .\  ligbt-ycllow,  tenacious,  unctuous  mats,  not  more  tbsa  a  slight  odor, 
Miscible  with  about  twice  its  weight  oi  wntcr.  SpaKngly  lol.  in  ale,  fcadilj  ia 
chlorof.,  clh.,  acetone,  cic.     Mdts  between  jS*  and  43'C. 


PETROLATUM  AND  OTHER  PETROLEUM  PROOnCTS 

Properties. — These  were  introduced  under  the  name  of  \'aselin  by 
Chescbrough,  1871,  They  arc  obtained  from  petroleum  by  distilling  o0 
the  more  volatile  products,  chilling,  purilication  by  filtration  through 
bone-black,  etc.  They  consist  of  hydrocarbons  of  the  methane  and 
related  aliphatic  series.  According  to  the  process  of  preparation,  they 
occur  of  various  consistencies,  from  the  waxy  "paraffin"  (employed  for 
hardening  ointments),  through  the  buttery  "petrolatum"  (a  tj-pical 
emollient),  to  the  "liquid  paraffin"  (used espt-cJillly  for lasnlive anil  spravi). 
The  color,  from  deep  yellow  to  almost  pure  white,  does  not  affect  the  action. 

NolwithsLinding  the  chemical  difference,  they  resemble  the  fats  in 
physical  character  and  therapeutic  application.  They  have  the  advan- 
tage that  they  are  chemically  in<liffercnt,  do  not  undergo  deterioration, 
can  not  become  rancid  or  irritant,  and  do  not  react  witJi  drugs,  such  as 
oxidizing  or  reducing  agents.     They  arc  not  so  well  adapted  for  inunction. 

Liquid  Petrolatiun  as  LftXStive.— Mineral  oiU  are  not  absorbed  (except 
[H-rhaps  doubtful  traces;  Bradley  and  Gasser,  1912);  but  arc  cllmiruted 
unchanged  by  the  feces  ( Randolph,  1885;  Hutchison.  i8<jq:  Bloor,  1915). 
They  can  not.  therefore,  act  as  nutrients.  Uy  softening  the  fece*,  they  are 
mildly  laxative,  and  are  used  as  such  in  intestinal  stasis  (A.  D.  Schmidt, 
1005;  Lane,  1013).  Sometimes  they  do  not  mix  well  with  the  feces,  the 
oil  leaking  from  the  anus.     Occasionally  they  arc  followed  by  nausea  and 


BHOLUEKTS 


107 


I 


^ 


regur^lalion  (Bastcdo,  1914).  Any  ot  the  "liquid  paraffins"  (Petro- 
latum Liquidum  Album)  may  be  employed— there  being  no  theiapeuUc 
difference  between  the  light  or  hca\'y  Russian  or  American  oils  (Bastcdo, 
1915).  Their  composition  is  ])erha|)s  al^o  similar.  The  usual  dosage 
b  from  10  to  30  c.c,  one-half  hour  before  meals;  or  a  single  dose  of  30  to 

,   60  C.C.  before  retiring.    The  "light"  oil  is  preferred  for  sprays  (Wilbert, 

I   1914);  the  more  viscid  oils  for  laxatives. 

"         The  RussLin  oil  ia  non-fluorcsccnt,  and  conasts  mainly  of  naphthcnes; 

^bc  American  oil  contains  members  of  the  methane  »erie-it,and  is  gf^nerally 

fluorescent.    The  histor>'  and  composition  is  discussed  in  the  J.,\.M.A., 

11914,  61  :  1740;  and  by  Hilton.  1914. 
Compotitioa  ot  Liquid  Petrolatusu. — Ml  crude  |>etro)cuin  oils  are. complex  mixtum 
o(  hydrocarbon*,  the  composition  varyi^S  qua ntiU lively  actorcling  to  their  origin. 
TbCM  dUTercncc^  air  climinalcd  in  relining,  >«  that  the  compoiiiton  of  ihr  lh'>muKli1y 
lefined,  colorlrifi  pioducls  is  probably  similar,  whctbtr  Ihc  prudui:t  in  drrivcd  Sana 
Rastiui  or  from  American  oils.  The  licjuid  petrolatums  consist  mainly  of  nnphthcnea 
(C^*.)  and  polyiuplithenes  (C.Hi._i  nnd  CnHi.-.).  They  do  not  contain  true 
puaiKns  (C.ili..t):  so  that  the  term  "Paraflin  Oil  is  a  misnomer.  The  irritant 
olefin  hydrocarhons  ami  the  bcniencs  of  the  crude  oiL'i  are  absent  from  the  rctined. 
Certain  infrcdknts,  which  i;i^-c  tbt  fluorescence  and  rancid  taste,  are  more  difficult 
to  eliminate  from  some  oiU  than  (torn  others  (Brooks,  lo'^)- 

CriteriA  cf  AtaUabUily.—^raoVi  considers  the  physical  tjuntitict,  the  color,  odor, 
tauc  and  vladdlty  or  specific  gravity  as  much  superior  to  ull  chcmic  tests. 

PREPARATIONS — MINERAL  FATS 

'  PHT«Utiim  (Petrobt.J.  U-S-P.;  Para^nun  Moilr  (Paraff.  Moll.).  B.P.;  Ptirotatum. 
Soft  PtuaSin  (Petroleum  Jelly.  Vaselin). — .\  purified  mi.tlure  a(  semisolid  hydro- 
carbcMU  obtained  from  petroleum.  An  unctuous  mou,  varying  in  color  from  yellowish 
to  Uchl  amber,  hav'ltiK  uot  more  than  a  slight  Huurescenc-c;  without  odor  or  tatte. 
IqmiI.  in  water;  acAtcdy  mI.  in  cold  or  hot  nlc;  freely  sol.  in  fat*  and  fat  solvcntii. 
Mddng-ixMnt,  38'  in  sa'C,  U.S.P.;  40*  to  46'C.;  B.P.  The  color  may  be  s[K-cllJcd  by 
a<ldlnK     AUnm"  for  white,  "t'lavum"  (or  yellow. 

'Par^ittiim  LiijuiduBi  {Peirolnt.  Liq.).  U.S.P.;  /"aro/.  Liq.,  B.P.;  Uquld  Petro- 
latum, liquid  Paraffin,  -.\  mixture  of  liquid  hydrocarbons.  A  colorless,  tmn»FiareDl, 
ally  Uqula  free  from  (luore-urence.  odorless,  and  t^iStclesa  when  told;  tnsul.  in  water  or 
ale  Doit.  ij  C.C,  4  dmms.  U.S. P.;  4  to  16  e.c.  i  to  4  drams.  B.P.  Hravy  Liquid 
F^alaluM  (Heavy  I.inuid  ParafTin,  Heavy  Mineral  Oil)  U  a  ver)'  viscous  lii^uiii,  IJukl 
Liqmii  Pttr^atum  {LiKhl  Liquid  I'aralhn,  Li|{ht  Mineral  Oil)  is  almoit  tree  from 
vitceaity. 

Parafimim  (ParaR.).  i;.5.P.;  Paraff.  Dur.,  B.P.;  Paraffin,  Hard  Pnrallin.— A  purl- 
M  aiature  of  solid  hydrocarbons.  Colorleu,  or  white,  more  or  less  translucent  mais, 
"ithout  odor  or  taste;  insol.  in  naler  or  b  ale.  Melts  at  jo*  to  S7°C.,  U.S. P.;  ;o°  to 
4o*C..  B.P, 

Tone  Eflocis  0*  PBtrolenm  PnAaetS,—Gasotin  iPrJrakum  ftenifn).— The  inhalation 
<f  tht  vapors  cauMs  headuihe.  nausea,  giddiness,  inebriation,  unconsciounneis.  muscu- 
ht  Irtmon,  convulsions,  dyspnea,  cyanosta,  and  death  (Bucgi  and  Durgl;  Wolf,  igii). 
Chrome  poiMining  results  in  dulncis,  pain  In  limba,  ireniblinK,  muscular  weakness  and 
MhttBtiTOiM  dislurbances  (Kambousi'k),  and  pulmonary  hemorrhages  (JaSe,  1914). 
TkfTWIam»  ot  acute  and  chronic  poisoning,  as  they  occur  in  the  rubber  industry, 
*w  tombed  by  .\licc  Hamilion,  191$. 

^CoBCtattateil  vapors  cause  purely  paralytic  symptoms  in  frogi,  but  in  mammnln 
|W;FMCin  to  have  only  a  weak  anesthetic  action.  If^thc<i-  arc  bhalcd  to  the  exclusion 
■•U.  they  will  cauM  an  asphyxinl  anesthesia.  Before  this  acts  in  there  are  very  char- 
tMUic  coairuliion*  (Sollmann,  1004).  The  animal  strugRles  violently,  then  falls 
yhrtfc  and  dam  the  air  iritb  nil  fours,  as  if  running.  The  pupils  are  widely  dilated. 
Utasab«eat-  The  spurns  are  intcrmitlent.  and  lictwcen  them  the  dog  is  perfectly 
'"(^aapl  that  the  tors,  tail  and  eyeiid^  continue  to  twitch.  The  respiration  Is  first 
"■Bhlcd,  (hen  weakened-  There  is  paralysis  of  the  vagus,  then  a  depression  of  the 
p*^  nuulc,  and  later  of  the  vasomotor  centci.  Either  heart  or  rcspirttiou  amy  »top 
Bra, 
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Gttiolin  i',  ihettloTt.  unsiiitablr  nfi  an  nnc^thctic  even  for  animnln;  although  it  fau 
been  Irkd  ^Itli  man  (FrJii.  tSSS).  Il  \»  ^id  to  be  u^d  a.*  an  intoiicRtil.  lu  oral 
ndroinistration  docs  not  priiduce  gnstrocntcritis.  !l  ii  aliwrbed  slowly  (rom  the  ali- 
mcatHiy  tract,  and  cxcrclnl  mainly  by  the  lungs  (Jaffe,  1914}. 

Ptiroleiim  (ConI  oil).— When  petrokum  i*  swiJlowcd,  U  produce*  narcotic  efltcu 
similar  to  those  o(  alcohol,  with  strung  gutTocntcricii.  It  1*  toxic  in  proportion  to  it* 
content  of  the  more  volatile  products.  No  lata!  csm  ha«  thus  far  been  rtportcd, 
although  as  much  as  a  titer  hns  been  swnlloweil.  Coal  oil  applied  to  the  ikin  or  toB- 
tinuoui  handling  of  unpuriGed  parallin  is  a  moilrrate  irritAnl,  and  mny  lead  to  dcRnatttts 
(JoMph,  tSgC),  acne  and  other  eruptions,  and  papillomas  (»cc  "I'ax"). 

WAXES 
These  are  used  in  pharmacy  mainly  to  stiffen  ointments  (as  in  cerates). 

PBl'3'ARATlONS 

Cera  Fliivit  (Cer.  Flav.).  U.S.P.,  B.P.;  Yellow  Wax.  Beeswax.— The  puri&ed  product 
of  the  hive  bee.  Apis  mcllifcra.  Melts  between  6i*  and  6s'C.  Sporinitly  wt,  in  ale; 
»o1.  in  eth.,  chlorol.,  and  oils, 

Cera  Alba  (Cer.  Aib.),  U.S.P.,  B.P.;  White  Wax.— Bleached  hfcswai. 

CeUifeum  (Cetac),  U.S.P.,  B.P.;  Spermaceti.— A  falty  substance,  obtained  turn  ifar 
head  of  the  sperm  whole.  Fliysctcr  roacroccphalus.  ,  Consists  mainly  of  e«ter  of  cetylk 
alcohol  and  palmitic  add. 

Rtsina  fRes.l.  U.SP  .  B.P.;  Rodn  (Colophony).— The  residue  left  after  di»UlUa(j 
off  the  volatile  oil  from  turpentine,  the  concrete  oleorcsin  obtained  from  ipedci  of  V 

COMPODND  OINTMENT  BASES 

These  are  survivals  of  older  formulas,  without  serious  advantax' 
over  the  ampler  bases.  Typical  oinlmetits  melt  at  the  temperature  o( 
the  body. 

PREPARATIONS — COIIPODND   OINTMENT  BASES 

L'tiiWHtum  fUng.),  D.S.P.;  Ointment  (Simple  Olnim«n).— j  parts  White  Wu, 
8  parts  Bcnz.  Lard. 

^ni;.  FiiraS--  B-I"' — Hard  PanCf.,  37  per  ccnL;  Soft  ParaA.,  70  per  ceki;  Bwswiix, 
i  per  cent. 

fug.  Aq.  Ras.,  V.S.V.,  B.P.  (Cold  Cream).— HipresMrd  Almond  Oil.  thickened  «ilh 
Spermaceti  and  White  Wax.  flavored  with  Ro»c  water,  and  containing  j  pet  crnt.  of 
Sodium  Borate.  U,S,P. 

t/'ng.  Cria,,  B.P. — Spermaceti,  10  per  cent.;  White  Boeswax,  8  per  cent.;  IJ4. 
Paraff.,  71  per  cent. 

i'ng.  Lana  Co.,  B-P.— l^rd,  40  pel  c«nl.;  WooUat,  40  per  cent.;  PsraS.  Oint., 
10  per  celtt. 

Vnt-  *«..  B.P.— Resin,  j6  per  cenL;  Vellow  Beeswax,  )6  per  cent,;  OHw  OH, 
96  per  cent.;  Lard,  iz  per  cent. 

CERATES 

These  are  slifler  ointments,  conlaiDing  sufhcient  wax  so  that  they 
do  nut  melt  at  body  temperature.     They  are  also  superfluous  survivals. 


PR  EPAH  AT  IONS  —CERATES 

Cwaii(M(Cer«l-),U.S.P.;  (Simple)  Ce«utc.— Three  part* of  White  Wax  and  7  paiU 
of  Bent.  Lord. 

Caal.  J7tJ..  tl.S.P.;  Rosin  Cerate  (Baiilicon  Ointinent). — Rosin,  jj  pet  CtBL; 
Ytllow  Wax,  ij  per  cent.;  Lard,  50  per  cent. 


IffiMULCKNTS  OR   MUCIT.ACINOUS   SDBSTANCSS 
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GLYCERUff 

Therapeutic  Uses.— This  acts  both  as  emollient  and  demulcent.  It 
is  used  lu  soften  the  skin,  to  prevent  chapping,  internally  in  coughs, 
etc  Concentrated  glycerin  absUacts  water,  so  that  the  soothing  action 
is  preceded  by  smarting.  It  should  therefore  be  diluted  with  two  or 
three  volumes  of  water  (rose  water  for  lotions).  Roth  has  shown  (with 
Cat^ilasma  Kaolini).  that  glycerin  does  not  abstract  water  from  the 
itUact  skin,  because  of  the  impermeability  of  the  stratum  corneum. 

Urulilutod  glycerin  injected  into  the  rectum  causes  evacuation  in  a 
few  minules,  without  pain  if  there  are  no  abrasions  (5  to  10  c.c,  1  to 
33;  or  the  official  suppository).  Similarly,  it  provokes  uterine  con- 
tractions if  introduced  into  the  cer\ical  canal.  Large  duses  (100  to  150 
Gro.  per  day,  in  divided  portions)  have  been  employed  to  kill  intestiiul 
trichinar. 

Pharmaceutic  Uses.--Glycerin  has  many  uses  in  pharmacy,  as  a 
vehide  and  solvent  tor  sails;  sweetening  agent,  to  preserve  ferments 
and  vaccines;  to  keep  pill  masses  or  extracts  moist,  elc.  .\s  a  Aweetening 
■Agent  in  diabetes  it  has  been  replaced  by  saccharin. 

Nrntrimt  Vaiiu. — Glycerin  has  bttn  tried  sis  »  iubstitutc  for  cod  livec  oil.  It  Is 
tniMlannable  into  glycogen  and  suji;ar;  but  its  nutrit^al  value  Is  rather  doubtful,  siDi.-ii 
i»TifrT  qnftiititia  lessen  gastric  <ecrctian  (L.  KaH,  1910)  ind  provoke  dUrrhea.  Like 
otbcf  toteatuial  irrit*iil».  it  produces  incrciised  eUmiiuklion  of  uric  acid  (Abl,  tgij). 

Toxic  Effects. — These  have  never  been  reported  in  man,  but  they  occur  in  aniiiiAU 
when  lUBC  doiC«  are  niveti,  by  any  chnnnel.  'Hie  symptoms  are  canvuhnnt  nnd  pam- 
lytic  probably  through  ndirect  action  of  glycerin  on  theccntral  nervoussyslem.  The 
blood  ooitnisclej  are  laked,  et^cially  if  the  julycerin  is  injected  hypodcrmimlty-  Thi» 
i»  probably  an  osmotic  effeet,  the  glytcrin  remaining  fnr  a  lime  unaworbcd,  and  in  hi|[h 
;_conocntration  at  the  place  of  injection;  and  the  cor|)U5ttrs  being  laked  during  thett 
~     Mage  thraush  this  nrea  (Fitchne). 

On  aauAde-nervc  prepstatioog,  glycerin  «ct»  similarly  10  vcratrin. 

PEEPARATIOHS — GLYi:ERm 

•aycerinim  (Glycerin),  U.S.P.:   {Glyeer.l.   B.P;  Glycerin.  CJI.{OH)i.— A  liquid 
1  by  the  bydrolyni  of  vegetable  or  animal  fats,  purified  by  di'titlation.     Cle«r, 
I  liquid,  of  a  thick,  »ytupy  conslMrncc,  itwcct  to  the  lasli'.     Miscible  with  vralvr 
•Ic.;  nuML  m  elh..  cUorof-  or  mU.    Doit,  4  cc.,  i  dram,  U.S.P.;  4  to  S  cc.,  t  to  a 
uitt,  B,P. 
' SufpoiilerU  Ulyterini  (Supp.   Glycerin),   U.S.P.;  Supp,  Glycet..  B.P.;  Glycerin 
Siq>po*itodc«. — ^Each  sup|>usttury  contains  ,{   (>m.  of  (ilycvrin,  solidified  by  w>dium 
sickrate,  tJ.it.P.;  70  per  cent,  of  Glycerin,  solidified  by  Gektin,  B.P. 
Ctyttritei  aiv  solutions  of  medicinal  substances  in  glycerin. 


DEIiTULCENTS  OR  MUCILAGINOnS  SUBSTANCES 

These  comprise  gunu^  and  other  colloid  substances,  which  form  viscid 
•cdutions  with  water,  and  are  insoluble  in  alcohol.  They  arc  used  to 
emiibify  oiU;  to  suspend  insoluble  powders;  to  mitigate  the  ta.ite  and  local 
effects  and  to  delay  the  absorption  of  other  drugs;  and  to  allay  inflamma- 
tioiis  of  mtKOUs  membranes,  especially  in  bronchitis,  gastritis,  enleritis 
and  dianiK*.  Tlie  effects  are  strictly  local,  but  in  the  respiratory  pa^^agctt 
ihcy  reach  far  into  the  bronchi.  Gums  and  proteins  (raw  eggs,  milk, 
flour)  are  employed  for  their  protective  action  against  irritant  poisonB. 
They  are  aUo  precipitant  chcmic  antidotes  for  metals. 
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Mucilages  and  similar  <)rugs  (»al(^!p,  Iri^Ji  and  Iceland  moss)  were 
formerly  considered  efficient  carbohyiiraic  nuUients;  but  it  has  been 
shown  that  Ihey  are  very  imperfectly  digcslcd,  and  for  the  most  part 
eliminated  unchanged  by  the  feces  (Mendel,  1908;  SwarUs,  1911). 

Demulcents  ta  Flavors. — Gums  and  Himilnt  substances  markedly  diminish  the  char* 

actcrislii:  tnstc  of  nil  vuh^Ianccs  ftciil.  'uill,  and  swecl,  3.S  well  us  bJlIer.  They  acl  by 
en\'t'l<>pmg  tlir  substuntr  and  furmiti^  n  |iru1cL'ii\'c  !u>'er  ovrr  the  mucous  membrane, 
and  in  this  way  prcvcniinK  the  nrce>>4  uf  tbc  tub^tAnci:  lii  thn  tute  otgin*.  ThU,  of 
course,  diminishes  absurpttun  as  well  at  taite.  One  cun  very  leudily  contince  blmaett 
ol  this  "corrective"  action  by  mliing  a  i  percent,  solution  old  trie  acid  with  v-atet  and 
^Ih  a  tliin  starch  paste.  The  latter  will  taste  very  much  Icm  sour.  Colloid  tub^laacta 
of  this  kind  urc  presutt  in  (ruilsas  ptctin  bodies,  and  have  a  very  marked  (ofluetice  upon 
their  taste.  The  raspberry,  for  in&tancc.  actually  contains  more  acid  than  the  currant 
and  but  little  mure  Kugar,  it'<  h^-i  snitt  toHle  bcInK  due  !■>  the  greater  amount  of  these 
pi-ctin  substances  present  in  ii. 

PREPARATIONS — GtJMS 

'Acacia  (Acac),  U.S. P.;  Acacia  Cummi  (Arac.  Cum.),  H.P.;  (Gum)  Acacia  (Cum 
Arabic,  Gum  Sene(;al).^Thc  dried,  Kummv  e«udotion  of  Acacia  Senegal,  and  of  other 
African  tpccirs  of  Acacia.  More  or  les&  sipheruidal  li--ar«>,  or  angular  fragment*:  wUUib 
to  light  amber  colored;  translucent;  very  lirit lie;  neurty  Inodorous;  la»te  Inupld.  cnuct- 
la^nou*.  Insoluble  in  ale;  slowly  soluble  in  Iwice  iti  weight  of  wnier,  (ormins  a  muci- 
laginous liouid,  which  is  acid  to  1itniu«.     Ini  ompalibk  with  olc.,  borax  or  metulic  salts. 


*  Muiilago  Acacia  (Mucil.  Acac,).  U.S. P.,  B.P.;  Mudlagc  of  Acacia. — »<  per  ccnt- 

"- -  ■       s,tj.S.F 

i'yr.  AcAic..  U.S.P  ^10  per  cent. 


U.5.P..  40  per  cent.,  B.P.,  dissolved  in  r.old  water.     Doit,  ij  CC,  4  drams,  U.S-P. 


Cum  hu!..  B-P, — A  gummy  ciudation  from  the  stem  of  Anogci«us  latifolia. 

MmU.  Gam.  Ini  .  Fl  P,— as  per  crnl. 

"  Tragacaiiiha  (Trag.).  U.S.P. ,  U,P.;Tia)[)iCHnth, — The  trpontaneouily  drit-d  gummy 
exudation  from  the  stems  of  Astragalus  species.  Swells  in  water  to  a  gelatinous  tnau, 
without  dissolving.     Used  in  pill  excipicnt«,  cmuUions.  etc. 

itiicil.  Trag.,  U.S.P,,  B.P.— 6  per  cent,  in  diluted  Klycerin,  U.S.P.;  i.jj  per  cenL  m 
water.  B-P. 

Glyfrr.  Tra£,.  B.P. — lotiericnl. 

PiUv.  Trug.  Co.,  B.I'. — Tragacanlh.  Aiaita,  Starch  and  Sugar.  Dvk,  oJi  to  4  Gmu, 
■  10  to6ogr.,  R.r. 

Dejdr  in— Prepared  by  heating  stRrch  with  nitric  acid.  Presents  all  the  characten 
of  gum  arable,  and  forms  the  principal  jnitredlent  of  fommrrtial  miuHactt.  A  good 
formula  for  this  ii  ihe  following  (Sylkcs):  Mix  ifio  Gm.  of  dextrin  with  tSo  c.c.  coM 
water;  add  2*0  c.c.  hoilinf;^  water  and  boil  live  minute*',  stirring  ronstanUy.  Add  hot 
water  g.s.  40a  c.c.  When  cold,  add  jo  C.C.  ol  dilute  acetic  acid,  10  drop>  Of  phenol  aiid 
jo  C.c  of  glycerin,  previously  mixed. 


DEUULCBITT  TEAS 

Drtjgs  containing  mucilages  are  tise.ii  as  deciKtion.'i,  ad  libitum,  mainly 
in  folk  medicine. 

PREPARATIONS — DEMULCENT   TEAS 

AUhra  tT.S.P.:  Marsh  Mallow  Root.— The  root  of  Althjea  olSdnalii  deprived  ol 
the  brown,  corky  layer  and  small  roots, 

Amygdaiit  Diikii  (Amygd.  Dulc),  U.S.P,,  B,P,;  Sweet  -Almond.— The  ripe  seeds  of 
Prunuh  .Vrnyicdulus  dulcis, 

£ntuj.  Amysd..  U.S.)'.  CMilk  ol  AlmoudJ. — An  emulsion  made  by  ruhlnog  b  part* 
of  blanrhei.t  sweet  almonds  with  1  part  of  acacia,  3  parts  of  sugar,  and  enough  water  to 
make  100  parts, 

iiiil.  Amyid..  B.P,— ii.s  per  cent.    Dose,  15  lo  30  cc,  H  to  1  ounce,  B.P. 

Pulii.  A  myid.  Co.,  B.P.~Swe«  Almond,  Sugar  and  Gum  Acacia. 

Ctirariii:  Iceland  Mofs,  a  Lichen.— .\  gektinous  decoction  (t  :io)  is  peqMred  after 
previous  i-tiracrion  with  cold  water,  to  remove  a  bitter  principle, 

ChonJius,  U.S.P,  [Irish  Mo**,  Carrageen).— The  dried  plant  of  the  seaweeds  ChoD- 
drui  crispus  and  Gigortina  mamilloao,.     Yields  a  demulcent  jelly  with  boiling  water. 


MtMH.^-OllilKC  ^COl. 

(Aofd,  B.P.— DnnI  xMi  of  PUotaiia  ovaln. 


Doit,  3  to  lo  (>m.,  45  to  ijo  gr^ 


hfatfi.,  B.P,— t.j  net  cent. 

p.~i\x  t 


0w*,  15  to  60  ex.,  )j  to  I  ouiicn.  B.P. 
tubcn  ol  Ml  orchid, 
ajrct  UtdulU.~-Sam»ina  Pith. 
icwM  (Trit-J,  U^P.:  Apopyron  (Agropyr.),  B.P.;  Tritkum.  Couch  Grwe^ 
td  rhlcoBW  and  roots  ol  Aicropyron  rcpciu.    Dost,  8  Gm.,  1  dmint,  U.S.P. 
(L  rrfl.,  U.S,P.;  EM.  Affofyr.  U<i..  B.V.—D«i<,  to  c^.  t^  dtans,  O.S.P.i 
:..  I  to  idntntk,  B.P. 

Agrofyt.,  B.P.— s_per  cent.     OnK,  ij  10  60  ex..  Jj  to  a  ounces,  B.P. 
Ml  U.S.P.;  Elm  (Slippci>-  Vim].~Thr  bark  of  Ulmui  fulvo. 


GELATIN 

M. — This  is  employed  in  pharmacy  as  a  coating  for  pjtfs,  for  making 
I  csfisules,  etc,  and  in  tlic  form  of  slycerinatcd  gelatin  a.t  a  ba^c  for 
dtorjes.  In  the  form  of  »oups  and  }clli(»  it  is  used  as  a  nutrient, 
easily  digested  and  capable  of  replacint;  from  one-fourth  to  two* 
of  the  protciii  oi  an  ordinate*  diet,  especially  if  the  carbohydrates 
iple  (MurUn,  1907).  Subeutaneou.i  injections  of  fielatin  have  been 
lo  increase  the  coagulability  of  the  blood,  e^peciully  in  aneurism. 
cfficieDcy  b  doubtful.  They  have  the  serious  objections  of  severe 
ad  danger  of  infectioa,  »ince  ordtnary  gelatin  solutions  are  oftennot 
t  and  may  even  carry  tetanus. 

Mb  as  Snpiie.— The  cftciencjr  oi  sclatin  U  nlGnncd  by  boric  and  itenird  by 
iortoa-Opilu,  1906,  found  that  It  iticrMwd  the  viKoslty  of  the  blood  on  intr»- 
linjcctian.  Cmunt,  igts,  dainu  llie  same  efiect  hypodermically.  Diutrc  and 
»t  1897:  '"^  <>rBu,  1910,  dcMrAc  iacrcaMd  coagulability  of  the  blood.  iMling 
tnl  diyf.  Zibell.  1901,  and  othen  ate  indined  to  attribute  the  oetion  (0  Ca,  ol 
tcktla  euitalns  about  aO  per  cent.  The  con t rail Ictoty  data  do  not  permit  any 
tciwtrlaiioni  The  gelatin  wai  originally  uu-d  lubcuiantouily  (too  to  300  <jt. 
hi  (o  {pet  cent.  toluUon,  injected  slonly  into  Ihc  tlitKh.  nof  near  the  aneuritm, 
ko  tu  Gftcen  day^,  until  10  to  >c  injcciiom  have  bccD  dven).  The  trtalmont 
iwinful.  awl  may  nLic  the  temperature  to  loj'F.  Wood  (iQoi^  claimi  that  the 
I M  liut  BB  cfiectfve,  only  fomeirhat  ilowcr,  when  itivrn  by  mouth,  and  tccom> 
^WiH  J  or  4  ouBco  of  flavored  10  per  cent.  jcUy,  three  liwa  a  day. 

ibifiiwi  (Oelat.),  U.S.P.,  B.P.;  (Matin.— The  puriiied,  air-dried  product  ol^ 
by  the  hydrolytt^  of  animal  tUHicr,  at  «kin,  ligamcnln,  and  bono,  by  treatment 
MM  water.  Insol.  in  cold  walrr,  but  'wrils  and  Mflcns  whrn  immerwd  in  it. 
Hy  tnorbtng  from  five  to  ten  times  il»  own  wrcight  oi  umter;  «>1.  in  hot  water, 
tod  or  (lycerin:  Intnl.  in  ale.     Watery  idutlons  o(  1  per  cent,  or  over  solidify 

St    Wrapilated  by  phenol  or  tonnbi;  not  by  dilute  4oluli»n>  of   metallic  ui1t«. 
nuB  Ciytni»aliim  (Gelal.  Glyceria.),  U.S.P.— Equal  pana  of  Ohitio  and  of 
a.    Uwd  (or  mablos  bou^,  etc 


PRKPAXATlOilS — OKLA-nN 


STARCH 

SB.— Dry  starch  is  used  as  a  dusting  powder.  By  boiling  with 
sUrch  b  converted  to  a  colloid  conmtion,  starcb-pastc.  This  ts 
a  an  emollii'nt,  in  the  form  of  tbe  Klyceritc;  in  poultices;  and  to 
the  retention  of  enemas  (leaspoonful,  rubbed  smooth  nitfa  a  tittle 
iia  and  poured  into  a  cup  of  boiling  water).  It  is  a  chemical  antl- 
>  iodin.  It  is  also  employed  as  a  nutrient,  especially  as  "arra»- 
.he  atarch  uf  Maraiita,  which  has  a  somewhat  finer  flavor  than  the 
com  starch, 
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PREPAKATIONS — STARCH 

* ^mylum,  U.S.P.,  B.P.;  Starch.— Prr pared  (rnm  maiM.  O.S.P.:  from  "I 
ormaiM,  B.P. 

tSycfr.  Amyl.,  U.S.P, — lo  per  cent,  of  starch. 

Gtyctr'm.  Amyli,  K.P. —  lO  per  cent,  of  starch. 

*  BarUy-wiUr  is  u»cd  »«  a  dvrnulci-nt  ilFcoctiuni  and  (ot  dilulinn:  cow's  railk  lor 
infants,  to  prrvcnl  Ihc  pcciipilnlian  of  solid  masse*  of  casdn  in  th«  ilonuich.  It  i> 
prepared  by  boiling  for  twenty  minutes  lo  parts  of  washed  peail  barley  with  15a  putt 
of  water  and  strainibg.  (B.P.C.) 

nCDIPFEREHT  DDSTIHG  POWDERS 

These  are  very  fine  ("impalpable"),  insoluble,  non-irritant  powdei? 
such  as  talcum,  chalk,  starch,  lycopodium.  etc.  They  form  a  protccti 
covering,  prevent  friction,  absorb  secretions  by  capillary  action,  and  are 
therefore  drying.  Purified  Talcum  and  Terra  Siucea  are  also  used  for 
clarifying  turbid  solutions. 


PREPARATIONS— INDIFFERENT  DUSTING   POWDERS 
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•  Talcum  PurifuaUim  (Talc.  Purif.),  US,?.;  Purified  Talcum.— A  jnirified,  native, 
hydrou-i  magncuum  silicate.  A  fine,  white  or  ^rayiih-whitc  powder;  odortc»  and  taitc- 
leM.     IdsoI.  in  water  and  dilute  acids  or  aJkalm. 

Terra  SUUea  PiirififOla  (Tcr.  Sil.  Purif.).  U.S.P.  (Purified  Rieselguhi,  Purified 
Infusorial  Karth). — A  ri>[m  of  silica  (SiOiJ  ci>ii^i.^ting  of  the  frustulct  and  frumcntt  ol 
diatumi.  puriiied  by  builltiK  with  diluted  hydroclitoric  ;tdd.  wsshing  and  calcjninf . 

*  Lycopodium  (t-ycopod.).  U.S.P.;  Lycopodium.^ The  sports  of  Lycopodium  clava^ 
tum.  A  iitiht  yellow,  %'ety  mobile  powder,  nearly  inodorous  and  tastelcu.  Insoluble 
in  water. 

POULTICE  MASSES 

Poultices  or  cataplasms  are  used  to  convey  heat,  and  lo  macerate  the 
skin.  A  variety  of  pasty  materials  may  be  used.  The  most  common  are 
Unseed,  starch,  bread  and  clay.  Linseed  poultice  is  prepared  by  stirring 
I  part  of  ground  linseed  into  3  parts  of  boiling  water,  to  which  a  tittle 
baJcing  soda  may  be  added,  to  render  it  fluffy  and  less  irritant.  Clay  or 
Kaolin  poultice  Is  much  heavier,  but  can  be  sterilized  if  desired.  The  rate 
of  cooling  of  different  poultice  masses  has  been  investigated  by  Pilcher, 
1908.  "Hiey  do  not  differ  materially.  Whole  linseed  may  be  made  into 
a  demulcent  decoction  against  bronchitis. 


fREPAKATIONS — PODLTICES 

*  Litam,  U.S.P.;  Lini  Son.,  B.P.;  Lini  Srm.  ConUti,  (crushed  or  ground,  "meal"), 
B.P.;  Linftccd,  Flaxseed. — The  ripe  seeds  of  Llnum  usiialiuimum. 

Cola  plasma  Kaalini.  N.F. — Essentially  a  thick  mass  formed  of  about  >  Mitt  of 
kaolin  and  i  part  of  glycerin,  together  with  a  little  bnric  add  (4.;  per  cent.)  luid  Savor- 
ing wU.     It  i»  spread  hot  in  a  thick  Layer  and  left  in  place  for  tweive  lo  forty.«ght  hours. 

A.'ai'/inuw.    H.P.;    Kaiilin, — Native   nluniiniini    silicate   (china   clavi   bolus   alba), 

Cowdered  and  freed  (rom  gritty  parlitln  by  i-Iulriation.     When  added  directly  lo  blood. 
lolia  is  hemolytic;  nnd  toiic  when  injcctrd  intravenously  (Friedberger  and TsumeoLa, 
igij). 

Kaolin  in  Diarrktas. — Bolus  alba,  willow  charcoal  and  silica  are  being  ui«d  as 
adsorbents  in  watery  diarrheal  4lld  dysentery.  In  acute  bacterial  dyieniery.  larg* 
doses  are  dven,  45  Grn.  three  timn  duly,  stirred  into  hot  ten  ''after  a  prcUmlnan' 
cleansing  by  calomel).  SninHer  doMC  suffice  in  chronic  dncntery  (Sloerk.  lOtS). 
Hess.  1Q16.  reports  iraod  results  from  Fujler**  earth  in  infantile  diarrhea.  It  i>  e«iiily 
administered  in  the  food,  or  by  a  tipoan;  giving  1  10  i  tablespoons  timt  times  daily 
(Chiircoal,  H.  Strauu,  1916). 
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The  applUatioB  o(  dry  Kaolin  to  the  note  and  throat  is  beins  tried,  with  apponot 
tucccM,  to  remove  the  b&clcrlft  of  diphthtria  ciirrtrri  (KapiMpurl,  igiO). 

PLASTERS 

These  serve  similar  purposes  as  emollients;  for  tlie  slow  cnnvfyance 
of  drugs  to  or  through  the  skin;  and  (or  mechanieul  support.  They  arc 
somewhat  irritant,  partly  by  preventing  evaporation  from  the  skin,  and 
Ikarlly  by  the  .small  quantities  of  volatile  oils  contained  in  the  resins  from 
which  they  arc  often  prepared.  The  official  plaster-masses  are  unimport- 
ant, since  (hr  commercial  plasters  are  usually  made  by  private  formulas 
fatmisome  rubber  mixture.  "Court  plaster"  is  made  of  isinglass  (Ichthy- 
ocxdla),  a  variety  of  gelatin  prepared  frotn  the  swimming  bladder  of  the 
RturgeoiL 

PKEPAKATIONS — PLASTER  UASSES 

EmpiaiSfum  Elattkum  (Emp.  Elasi-),  U.S.P.;  Rubber  (Adhesive)  Plwlcr.— A  mii- 
liut  ol  rubbri,  pitch,  wax  and  an  a bsuibcnt  powder  (March,  etc.).  spread  on  cloth. 

Emptiuinim  Risinit  (Emp,  Rw-),  U.S.P.,  B.P.  (Rown  Adhcuvc  riastcr).— Lead 
^laXtt  with  rodn  »nd  vcllow  wax,  U.S. P.;  hard  soap  Jniilfad  of  wax.  R,P. 

EmUaitrum  WuBi6i(Kmp.  Plumb.),  I'.S.P.,  B.P.;  Lead  Plojler  (Diachylon  PUitw). 
— J^KOp  made  by  boiling  lead  oxid  with  olive  oil  and  Inrd,  U.S.P.;  with  oUvcoil,  Il.P. 
fimp.  Sapotiis  (Emp.  bap,),  B.P.;  Soap  Ilasler, — Similar  to  preceding,  with  grevtcr 
propoclioo  of  Map. 

MECHANICAL  PHOTECTIVES 

Certain  stibsiances  which  are  used  for  this  purpose  may  be  mentioned 
in  this  place. 

PREPARATtOKS — MECHANICAL  PROTECTTVES 

'Caodium  (Collod.),  U.S.P.,  B.P.;  Collodion.— A  4  per  tent,  wlotion,  U.S.P., 
).i  Bet  otDL  B.P.,  of  PyraxyUn  (gUD-oolton]  in  »  mixiurc  of  j  vol.  of  ellier  and  t  vol. 
•t  •«.  Should  be  kept  in  a  cool  place  remolc  from  iire.  Clear,  or  slisiilly  opalescent, 
>)T^  liquid;  coIotIckk,  or  slightly  ycllon-ish  and  having  the  odor  of  ether.  Kighlv 
BnnaitAte.  ColUNUoa  dries  rapidly  into  a  firm  film,  which  is  uecd  lo protect  <.mau 
Windt.  The  film  crack*  easily  and  contract*  considerably,  exerting  pressure  on  the 
VHn.    Siaatlflr  solution),  itiav  he  prepared  with  acelanc  or  other  tolvcnts. 

'Cobrfiww  PUsUe  (Collt^.  Flex,),  US.P..  B.P.;  Hrxiblc  (.-ullodion,  -Collodion 
tndntd  flexible  by  the  addition  of  a  little  Ciitor  Oil  and  Camphor.  U.S.P.;  Caitor 
Oil  Litl  Canada  Turpentine,  B.P.  It  docs  not  cantraci  or  cracli,  but  doei  not  adhere 
quilt  »  well. 

tjnxylintim  (Pyroxylin),  U.S.P..  B.P.;  Pyroivlin  [Soluble  Gun.cotton), — Ubiained 
I?  acting  on  cotton  with  a  mixture  of  nitric  and  lulphuric  addi.  Coniiits  chiefly  of 
(dIalaK  iMranilratc,  L,tH,.(0XO,),04-  Slowly  sol.  in  it  parts  of  a  mixture  ol  3 
"^  <A  ether  and  t  vol.  of  ale.  ^ec|ual  \o\.  of  90  cwr  cent.  tuc.  and  cth.,  B,P,);  Sol.  la 
fOcet,    Cdioidit,  N.N.K.,  is  a  purified  form.    Ordinary  gun-cotton  is  a  hcxaniirale- 

'Gmyftant  PnrilUalfm  (GoM.yp.  Purif.),  U.S  P.;  (Go*syp.),  B.P.;  Purified  {.Kb- 
itlcBt)  Cotton. — The  hain  of  the  seed  uf  Guuypium  herbaccum  freed  from  udlicting 
(■(NiitMa  and  deprived  of  fatly  matter  (>o  as  to  malce  it  abnorbent)  and  often  sIrKlized. 
CwfaUof  abiMU  pure  ccIIuImc  (CtHinOt).  Uovd  in  liandasing,  etc,  dther  at.  luch, 
v  u  pue  (Tcb,  Carbasus).  list  (Linlum),  etc.,  or  impregnated  with  aniiseptics, 
Wiinteati.  etc. 

Cikii  SiJpku  £,»rWdlM  tflatltr  of  Porh,  Bumi  Cypsum),  CaSO,  -t-  ?^lIiO.— 
Aiae  abitc  powiler,  which  Mt»  tola  a  atone-Uke  mass  tvlit-n  mixed  with  lialf  itf.  weight 
of  "Wei.  Uied  in  bandaging.  The  "setting"  takes  place  in  fifteen  to  twenty  minutes. 
It nav he dclayfd  loan  hour  by  the  addition  r,i  ;  fiei  crni.  of  glycerin,  or  hastened  by 
dcadtUtten  of  wdtum  nlicate.    Plaster  of  Paris  must  be  kept  dry. 

Lit""  SoJii  Silkclh  (WMtrth**i- — A  coloring  syrupy  liquid.  o{  alkaline  prupci(ie«, 
^  not  ccnoaive.    Contains  about  lo  per  cent,  of  lodium  tilicaic    Forms  a  solid 
|hHj  nan  on  exposure.    Uted  in  bandaging. 
S 
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Aetioiu  of  S«ditim  SUkair.—Vlhm  ifiven  by  the  muuih  ot  Ma,  (hu  tuts  like  a 
typical  mild  ailcali  wKhout  showing  any  specific  fcalutri.  It  is  readily  abtorlxd  liaa 
inc  ftlimentiLrv  rnnAl.  and  cxcrcicij  hy  Ihc  urine.  Injcrlcd  inirat-rn'iuBJy  it  cauMfl 
agglutination  o(  blood  corpu^cs,  >nd  conscquciilly  lulruvaicular  dotting.  SUtoits 
■re  normally  prctcnt  In  all  Ii»%uc3,  but  in  very  small  nmount  (Siegfried,  1901).  They 
ut  QOOiViaxiy  ptcient  in  burs  and  feathera  (H.  bcliuiz,  tiioi}- 


PHENOMENA  COMMON  TO   LOCAL  IRRITANTS.  CORROSIVES 
AND  ASTRINGENTS 

UnifomiJty  of  Irritant  Phenomena. — Thf  local  actions  of  drugs  arc.  as 
a  rule,  simple  and  uniform,  since  ihey  can  occur  ordinarily  in  ocJy  a  few 
situations,  especially  the  skin  and  mucous  membranes.  Thew  agree 
cloftt-ly  in  structure  and  functioos.  There  arc  therefore  many  phenomena 
which  hold  true  of  all  local  irritant  poisons.  Thc»e  may  be  studied  once 
(or  all,  and  present  only  minor  modifications  in  individual  cases. 

Chemical  Basis  of  InitstioR.— The  majority  of  local  poisons  produce 
the  typical  piienomena  of  inflammation  ("irritation"'),  by  causing  necrosis 
of  protoplasm  through  coagulation,  liquefaction,  etc.  Many  of  these 
reactions  are  purely  chemic  or  piiysical,  and  can  be  reproduced  in 
the  test-tube  with  proteins.  Remembering  the  extreme  sensitiveness 
of  protoplasm  to  reagents,  it  will  be  reiidily  understood  tliat  almost  all 
iubstanres — even  water — may  be  irritant  under  suitable  conditions. 

Degrees  of  Cutaneous  Irritation. — The  general  phenomena  of  irritation 
can  be  studied  very  typically  on  the  skin.  They  arc  identical  with  the 
familiar  changes  produced  by  scalds  or  burns  of  increasing;  severity, 

RubefactioQ. — ^Thc  first  degree  of  irritant  action  is  shown  in  an  arterial 
and  capillary  hyperemia,  at  first  active,  later  passive.  This  constitutes 
the  "liermatitis  erylhematosa"  of  the  dermato!ogi,*ts.  Or,  speaking 
pharmacologically,  it  constitutes  rubefaction,  and  the  agents  which  pro- 
duce it  are  therefore  called  rubrfadtnts.  The  dilation  involves  at  first  the 
most  sui>erficial  vessels,  but  progressively  also  those  of  the  deeper  sub- 
cutaneous tissue,  partly  directly  and  partly  by  reflates. 

The  congestion  is  accompanied  by  sensory  stimulation — by  iichingr 
burning  or  pain.  The  inten.siiy  of  the  pain  depends  upon  the  rapidity, 
rather  than  on  the  degree  of  the  irritation.  It  is  often  succeeded  by  more 
or  less  anesthesia. 

If  the  irritant  action  do&t  not  go  any  further,  resolution  takes  place 
without  leaving  any  l»ions,  simply  by  a  return  of  the  vessels  to  norma]. 
Tlie  pain  may  outlast  the  congestion.  The  upper  layers  of  the  skin  are 
usually  dcsciuamated. 

If  Ihc  action  is  stronger  than  rubefaction,  it  may  pass  into  vesication 
or  pustulation. 

Vesication. — This  occurs  if  the  inllammalory  action  results  in  the 
formation  of  an  exudate  greater  in  amount  than  can  be  carried  off  by 
the  lymphaiics.  Every  hyperemia  is  accompanied  by  an  increa.sc  m 
exudation,  but  up  to  a  certain  amount,  as  in  rubefaction,  this  is  readily 
reabsorbed.  When  this  limit  is  exoeefled,  an  actual,  visible,  effusion 
results.  This  liquid  will  accumulate  in  the  parts  of  the  tissues  offering 
the  least  resistance  to  distention.  In  the  case  of  the  skin,  it  perw-tratcs 
remlily  through  the  lower  layers  of  the  rote  Malpighii,  but  i>  arrested  hy 
the  impermeable  stratum  corneum.  It  is  therefore  confined  between  the 
U[^er  and  lower  layers  of  the  rete  Malpighii,  and  separates  them,  in  this 
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ly  causing  bliEtcrs  or  vesicles.  The  agents  which  produce  ihcsc  are 
exiled  KsUanls  or  e/>ispaslifs. 

The  vesicles  appear  as  §mall  points  which  gradually  ci>al«(:e  inio  a 
large  bli-sier.  Tlie  iluid  is  at  first  clear,  but  laier  becomes  turbid  by  leuco- 
cytes.   The  sensory  stimulation  is  stronger  than  in  rubcfaction. 

Resolution  takes  place  in  these  cases  without  loss  of  tissue,  by  the 
formittkin  of  a  new  stratum  eorneum  from  the  remaining  retc  Malpighii. 
The  area  may  remain  pigmented  for  years. 

It  the  overlying  and  separated  layers  of  epidermis  are  removed,  there 
is  miKh  chance  of  infection,  the  lower  layers  of  the  rete  Malpighii  offering 
but  little  resistance.  In  this  way  there  may  be  a  loss  of  substance  from 
sccondarj-  infection. 

SimoiMiTe  oad  Inflanmutory  Ifecrosis. — ^If  the  \'»iciint  ix  allowed  to  act  aficr  the 
Mixlcr  na»  been  formed,  llii-  mliltraiiim  will  hif<«itir  piiniJi-nt,  with  deeper  destruction 
43i  the  skin,  and  heating^  with  star  formation.     This  di-greir  of  action  ithould  be  ft  voided. 

Am^iUcPm  Fonnadoo. — A  few  dnigi  poMctK  a  ipccliic  chcmotnctic  power  on  Icuco- 
cyln;  M  tlut  tbclr  inji'Clion  (liypodcnnic  or  iolo  srruuii  cavitii-s)  leads  to  the  t-ollrction 
<n  pw,  even  whm  aacpiis  is  ptrfett.  Turpentine,  croton  oil,  petroleum,  mercury,  lilver 
Mrate,  digitOTOi,  udavcrin,  nlcuron  suxpenxions,  etc.,  arc  the  principal  enimplct. 
Tnpcn^Dc  oIm  sliniulnlcs  The  chcmolsclic  actiion  of  b.  coli  extrjcN  (Hambufscr, 

Ptutulatko. — Tbi<  occuni  if  the  irritant  doci  not  pmctTntc  the  epidermic,  but  only 
UrcutancoutKUnds,  especially  if  the  ncidircreiionuf  iht'w  t-lands  dlMolve»or  llticrale* 
ifc  irritant  aeent.  Discrete  and  later  confluent  pmtules  are  formed,  which  heal  with 
aore  or  leu  pitting."  They  produce  Kvcre  iicnM>r>-  irritallon.  but  arc  now  nrely 
Wed.    The  princinal  pu^lulnnTs  are  crotoo  oil  and  tartar  emetic 

XnANoca  «f  SyBtnnic  Conditions  el  CtitUMtus  Irritation.— Luithlcn,  191:.  found 
llkmt  the  tocnl  renction  to  crotun  oil  i\  incrcAMd  by  feeding  with  ncid'  or  oxnlntc  and 
dminishcd  by  calcium.  Iiilfcrcnt  diets  aUo  modUy  the  6U»eeplibilily.  These  tysicmic 
^dueaota  may  be  coimccti'd  with  the  great  variatioiM  in  the  sutccplibility  of  different 
iDdaviduaU  to  cutaneiiun  irrilnnt»:  and  with  such  akin  diseaiici  *s  <ciH-ma.  which  do  not 
<t«¥»i  to  be  evplainuble  by  local  irritation.  There  are  alio,  however,  local  difference* 
is    #>usccptibility,  and  if  an  irritative  reaction  has  once  been  induced,  the  ikia  remaint 

^byp«tK&utivc  for  Komr  time. 
JDtnattitis  Irom  SyBtemJc  Drags. — Many  drugs  cause  a  denmtlilis  when  they  are 
(iv«ii  by  mouth  (belladonna,  arsenic,  iodoform,  quinin,  salitin,  antipyretic*,  iodid* 
md  btomidt,  digilnlii,  chlornl,  chtorofnrm.  etc.).  Thi«  h  >;oinrtime^  due  to  changes 
in  t:lic  cutaneous  circuiatiun,  somelimes  to  <lic  eKCrctiuu  of  the  diu){  by  the  ikia.  It 
suk-V  take  the  fcrm  of  icarlaiinal,  desquamating.  urtic«rial  or  papular  rushes  or  acne. 

Corrosion,  cauterization,  or  direct  destruction  of  tissue  results  if  the 
•sent  (cauterizanl  or  eadiarotic)  acts  clieniically  on  the  protoplasm,  as  do 
strong  acids  or  alkalis,  lodin  or  bromin,  some  metallic  salts,  etc.  This 
leads  to  the  production  of  a  scab  or  "eschar;"  and  resolution  by  scar 
fwmaiioR. 

Areat  of  Corrosion. — The  chcmic  destruction  of  tissue  is  generally  pre- 
wdtd  by  inflammatoTy  necrosis.  Chcmic  cauterization  therefore  shows 
^<«e  areas:  The  first,  situated  at  the  depth  and  periphery  of  the  ulcer,  is 
swflily  an  area  of  inflammation  and  hyperemia.  Then  follows  a  layer  of 
(xootic  tissue,  Ihc  result  of  the  inflammatory  action;  and  last,  a  layer  in 
■fuch  the  chcmic  cauterization  rcsidis  in  solution  of  the  cells  which  have 
sirady  been  killed  by  the  inllammalory  process.  These  three — hyperc- 
"M,  inflammatory  necrosis,  and  chcmic  solution — arc  to  be  considered 
■*fliaessivc  stages  in  the  same  action;  and  by  proper  dilution,  the  second 
or  lint  degree  ©faction  may  be  obtained  without  the  succeeding  stages. 

The  Eschar. — Tliis  (seal))  is  formed  after  corrosion  by  the  coagidalion 
"'tftt  inflammatory  exudate  and  by  the  chemical  product*  (albuminates, 
*tc.)  of  the  interaction  of  tlie  corrosive  agent  with  this  c-Tudiate  and  with 
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ihc  killed  cells.  According  to  whether  the  proieinit  «re  rliitsolvefl  fas  by 
alk:Llie»)  or  prccipidted  (as  by  must  mi-tals).  the  scab  will  be  soft  or lurd 
Thi.-*  hiis  All  imporlanl  bearing  on  the  penetration  of  the  corrosive  ajiw; 
U  the  scab  is  soft,  the  chemical  will  peneirateit,  and  will  spread  and  df^ 
deeply.  On  this  account  the  alkalies,  for  in.ttance,  are  not  praclieal  (or 
the  purpose  of  cauterization.  IS,  on  the  other  hand,  the  scat*  is  »lid,  it 
prevents  deeper  penetratioo,  so  that  the  action  can  be  easily  oonlined 
U)  the  desired  areas. 

Astringent  Action.— Agcnu  which  have  a  strong  precipitant  action 

froduce  a  relatively  mild  irritation;  and  if  their  concentration  I*  not  tc»o 
igh,  their  primary  inilammatory  efTcct  does  not  proceed  to  necrosisi  on 
the  contrary,  it  leads  to  diminution  of  any  existing  inflamnialory  proccftA 
This  "astringent"  (drawing  together)  action  is  characlerlied  by  visililt 
contraction  of  tJic  tissue;  blanching  and  wrinkling  of  mucous  mcmbiane*' 
and  diminished  cxudjition,  or  secretion  of  mucits,  according  to  Iht  pla.cr 
of  apphcation.     'ITicse  agents  also  possess  a  peculiar  "astringent"  ta.»t*- 
The  elTcct*  are  probably  due  to  prccipiution  and  hardening  of  the  ccmcC 
substance  of  the  capillary  cndothcuuni,  producing  contraction  and    d*- 
creasing  the  permeability  ol  the  capillaries;  and  thus  counteracting   tlw 
essential  phenomena  of  inflammation  {congestion  and  exudation). 

7\slringents  are  used  therapeutically  to  check  diarrhea,  reduce  >'>' 
Bammalion  of  mucxius  membranes,  promote  healing,  and  to  arrcSt 
bemorrhaKc  (by  coagulating  the  blood). 

Thf  principal  astringcnh  are:  metallic  salts,  lani^ns,  dilute  adtis. 
and  strongly  hN-pcrtonic  solutions. 

EiplaniUwH  of  Ailtintfni  Action— "D^t  miinner  in  which  ihit  iwtrinjcent  Rcitnn    u 
brouint  about  Is  only  impcriectly  undcntoml.     All  nstringrnu  produw  precipiuti"^ 
o(  proteiDi,  and  this  Inaoluble  protein  |>rccj|kilnl[!  nccrnt  to  l>c  the  came  of  (lie  utrioj^c'n' 
ftciion.    To  explain  thii  action  ii  hut  been  HHtumed  ihftt  these  prcdpltaits  (orn>  * 
(inlnit  >lantt  the  cftpillnry  walla,  and  in  this  way  odil  im  additional  coat,  m  it  werci  ^ 
each  capiliury.     It  sccniB,  liuwcvcr,  much  more  likely  that  they  net  by  coacuklins  *••* 
ofriinnrv  wmifluid  cemont  lubslancv  bttwiien  the  endothelial  cnXU,  and  tut  tUs  P*^ 
VMts  uic  liUrBtion  of  flutds,  and  more  especially  the  vmigratioa  of  cclb.    Tbe  u'V*: 
"st^nini;"  of  cndolhcUa  by  bilver  nitrate  u,  a  visible  illti^imtiun  of  this  &tatlan  of  tb* 
cement  substance.    The  dinunishcd  mucus  tccrction  a  perhaps  due  to  a  Mmilar  '^P*!' 
Hcial  ccMiRuUtion  of  the  cell  envelope.    The  blanchina  and  puckerinif  (produced  oi«j 
by  the  more  concentrated  solutions)  points  to  a  direct  stimulation  of  tbe  arteria)  ^^ 
otbcc  muscular  liiivic.     The  i^orpiioit  af  already  farmed  rfuiiani,  [olloinni;  the  U«*  J 
UtiinBcnli^.  may  poMJbly  bretplnined  by  o^mosllc  Iflwt:  By  prcci|JtBtinff  tbe  iKOtein' *" 
thne  clfuslons   Ihry   lower   iKeir  molcculur   cuncc^tratuio.  and   render   iheni  ii*^ 
di^siblc.     Not  all  piutein  precipitant^  are  oiirinKcnl*.    The  precipitant  action  »*** 
be  of  a  Kpcciai  kind.     It  must  be  produced  very  ([uickty.  and  the  precipitate  mual  ^ 
IMactically  Irapenneable  to  the  precipitant.     OCheru-iw  the  preetpilanl  action  ''<f*^ 
eitcnd  so  deeply  as  to  lead  to  extensre  aecrosia,  and  wouid  thus  cotitioiie  ite  "' 
flammatop-  proccsa. 

(>ii»in/>f<i(iN  E$tim«ti«nfj  AiSrinttnl  Adhn. — This  lias  tieen  measured  by  MotoK"*" 
iQio.  by  noting  the  degree  In  which  the  extensibility  of  froKs'  lunet  b  rednced  af" 
immersion  in  the  astringent  solution*  iDrcscr's  method),  ftilh  i  per  cent-  soluli''''^ 
tbe  order  was:  ^\vn  nitrate  >  tannbi  >  lead  subacctate  >  picric  add  >  lead  acetate  ' 
alum  >  one  sulphate. 

Astringent  Efffcit  art  Slriaiy  I^cal. — Since  astringents  are  precipitat*" 
by  proteins,  they  can  not  be  absorbed  not  exist  in  the  bloocl  or  tissue*- 
IneiTective  form.  U  is  tlierefore  absolutely  irralioaal  to  expect  a  rem^'f 
OCiioH  from  astringents.  'I'he  verj-  facts  of  their  action  exclude  su*^ 
a  poMibility.  Before  thi.i  was  well  understood  it  wa.s  tried  to  obt»^'' 
astringent  action  throughout  the  body  by  external  application  or  t^y 
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S'nng  astringents  by  the  mouth.  The  want  of  success  confirmi^l  what 
6  just  been  sail). 
Astringents  on  Prrislalsis. — In  the  inleslind  canal  the  astringentfl 
lerm  a  deposit  along  the  tumen  of  the  intestine,  and  in  this  way  diminish 
ibeotplion.  and  aJw  the  penetration  of  other  irritant  substances  in  this 
y  leKtemng  pciisial^is. 

IllitatioD  of  Mucous  Membrsne.— Differences  in  detail  arc  seen  when 
rriluits  arc  applied  to  other  surfaces  than  the  skin;  for  instance,  to  the 
BiucouA  membranes.  These  are  rmdily  explained  by  anatomic  peculiari- 
ties. Tlicre  will,  for  instance,  be  less  tendency  to  vesication,  since  the 
tpilbrlium  is  not  impermeable,  as,  it  is  in  the  skin.  The  oral  mucous 
Bicmbranc  presents  a  transition;  it  blisters,  but  less  readily  tlian  the  skin, 
'uslulatinn  can  not  occur  sime  this  det>end»  upon  the  cutaneous  glands. 
>n  the  other  band,  the  mucous  glands  will  be  stimulated  to  an  increased 
:iJ\ily,  producing  "eaJarrhat"  conditions. 

iMtrofntetitis. — The  effects  of  irritants  on  the  alimentary  tract  present 
me  special  features;  the  effects  being  stomachic,  carminative,  naaseant 
emetic;   diarrhea,   dysentery"   abortion;   corrosion   and   perforation; 
icccxdin^  to  the  nature  and  degree  of  their  action. 

Jtaptratory  Pastages.^l  an  irritant  poison  is  volotHe,  its  main  effects 
Qay  fall  upon  the  respiratory  passages.  The  general  phenomena  will 
>c  tboie  of  acute  larynxiiis,  broncliiti.s,  or  pneumonitis.  Similar  effects 
Maw  the  aspiration  of  non-volatile  irritants. 

Local  InitatioQ  of  Wounds  and  Ulcers.— The  effects  arc  more  marked 
than  on  Ihc  intact  *kin.  Even  ihe  milder  irritant-t  destroy  the  supcrficbl 
ccUs.  especially  if  diseased;  but  the  deeper  celts  multiply  more  rapidly, 
Mlljr  through  direct  stimulation  and  partly  through  <he  hyperemia. 
^tlU  irritants  therefore  promote  healing.  Astringents,  balsams,  quinin, 
••111  uid  even  water  have  this  therapeutic  action. 

Bjpodeimic  Injection  of  Irritants.— These  pro<luce  more  or  less  pain, 
•*lo(icn  a^piic  abscesses.  The  danger  of  infection  n  also  considerable 
U  lilt  Umucs  are  kQlcd  by  the  irritant.  With  iniramuKular  injection, 
iWjMin  b  less  severe. 

Antiseptic  Action. — All  irritanu  are  somewhat  antiseptic  for  they  de- 
■ftv  Hie  protoplasm  of  the  bacteria  just  as  they  do  thai  of  the  tLy.ue  cells, 
Cooceatratna. — The  decree  of  the  local  acUon  depends  upon  the  con- 
WnWtion,  rather  than  on  the  absolute  ([uantity  of  the  irritant. 

AiQall  quantity  of  concentrated  acid  wiil  do  much  more  damage  than 

■jith  larcer  quantities  diluted;  as  a  gram  of  MgSO,  in  solid  form 

jMtoduceu  into  a  solution,  may  precipitate  ail  its  globulin,  whilst  an 

ited  quantity  may  be  added  in  s  percent. solution,  without  any  such 

Specific  Differences  Between  the  Different  Irritants. — These  affect 

itlrfn|;ih  of  ilieir  action  in  different  situations.     Some,  for  instance, 

"^  (0  act  especially  on  the  alimentary  canal,  and  to  a  very  small 

^W  on  the  skin.     This  is  probably  connected  with  differences  of 

^NriabQity.     A  ilrug  which  can  not  pem-trale  tJie  skin,  can  not,  of 

I  act  upon  it.     It  will  be  remembered  that  the  epidermis  is  im- 

thie  to  most  su)>slances.     In  order  to  penetrate,  these  must  be 

rfitty,  like  croton  oil  or  turpentine;  or  they  must  actually  dcsuoy 

fcpidtrmis,  like  caustics. 

Initani  RJiteti  aflrr  Absorplion. — None  of  the  irritants  acts  indiscrimi- 
■'"ly  DO  the  body  at  large.     Many  are  not  absorbed;  and  even  when 
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Absorption  occurs  they  are  loo  greatly  diluted  to  b&w  much  effect, 
except  at  the  place  of  their  absorption  and  excretion;  i.e.,  the  liver  and 
kidneys.  Other  tissues  arc  involved  only  if  the  administration  is  long- 
continued,  as  in  alcohol  or  lead  poisoning.  Such  chronic  intoxications 
lead  to  increase  of  connective  tissue,  arteriosclerosis,  cirrhosis,  etc. 

Drug  Nephrites. — These  arc  produced  by  all  absorbable  irritants  and 
often  occur  acutely.  The  inflammation  may  involve  all  the  renal  tissues; 
or  it  may  be  predominantly  glomerular  or  parenchymatous,  accordinj; 
to  the  poison.     Continued  adniiriislralion  leads  to  interstitial  ne])hrili». 

The  inflammation  is  characlenzcd  by  ulbuminuria,  casts,  and  the 
histologic  lesions.  The  urine  flow  is  increased  in  the  early  stages,  and 
decreased  later  (Schlayer  and  Hedinger,  1007).  The  excretory  dificiency 
is  diminished  (Eisenbrcy.  igii,  1913),  as  estimated  by  the  phenobulphone- 
phthalein  test  of  Geraghty  and  Rownlrce,  mil.  The  changes  in  nitrogen 
and  chlorid  excretions  are  complex  (Austin  and  Eisenbrey.  1911).  'ITic 
nitrogen  excretion  is  decreased  in  tubular  nephritis  (uranium),  not  in 
glomerular  (arsenic).  Retention  of  nitrogen  in  the  blood  occurs,  especially 
in  tubular  nephritis  (Foster,  1915).  Kcnal  Glycosuria  may  occur  (E. 
Franck,  1113;  PoUak,  1911);  als-o  hrpalic  edema  (0^>ic.  iqij).  and  some- 
times slight  myocardial  changes  (Walker,  iqii).  Hemorrhagic  nephritis 
is  seen  with  canlharidcs,  turpenline,  form.ildehyd.  etc.  Edema  occurs 
only  with  uranium,  at  least  in  animals.  The  restoration  of  the  blood- 
volume  after  saline  injections  h  delayed  in  uranium,  chro  mate  and  tartrate 
nephritis  (liogart,  UnderhiU  &  Mendel,  1916;  Boycott,  1913  and  1914; 
Chisholm,  1914). 

ExperlmentBl  Nephiiles.^Thrae  have  been  citenwvely  invc«tisaicd  (tiibliogrKphy  in 
R.  M.  rearer.  iQio). 

Tubular  nephriih  u'lV/i  Utile  or  nn  primary  glomerular  injury  isjirodutol  by  unnium, 
chrotnnte,  mrtcutic  rhlnrid  imd  alom.  The  snitlnmic  chnnst*  in  the  rarly  nxgn  of 
uranium  and  chtomalr  ncplirittt  arc  conjincct  vssenlially  to  uc  lubuic^,  cspeciaJl/  the 
convoluted;  Ihey  conuH  of  pranulir  nnti  Inlly  degeneration  and  itecrou*.  Mrrtury 
ACttslmSlaTly  but  mainly  on  Inrn'cvndiiig  I<jup3  of  Ilcnle.  with  dcponilion  of  lime  mIIa. 
The  glomeruli  are  at  first  unafFculcd  l>ut  later  show  thickening  ut  the  capUluy  vails, 
and  vascular  dbturlinnecs  can  be  shown  by  physinlogii:  methods. 

Glommdar  NrphrUii. — ^This.  generally  with  some  »econduT  involvement  of  the 
tubules,  li  produced  by  arsenic,  caniharick;  and  make  venom.  Diphtheria  to>in  ads 
on  alt  (he  structures;  and  many  other  inttanls  act  diflutely.  The  anatomic  chani^ 
vary  according  to  the  p<>ihr>ns.  Anrnii  priKJucoi  little  or  no  analomir  ehange,  except 
ditalition  of  the  capillar)'  tuCl^.  fiilinK  Bow-man's  cajisuiei.  PhyAiuloiiic  metliudft,  how- 
ever,  thaw  serious  vascular  injury.  The  ritnih-irldei  change*  involve  both  the  glomeni- 
lar  tufts  ^nd  space.  The  capsules  arc  fiilM  *i(li  dwniiamaied  cetU,  irtioic  ortgin  to 
disputed.  There  is  also  functional  vancular  injury.  The  functional  chanj[ca  an  Mt 
proportional  to  the  anatomic. 

Chronu  NrpkrilU. — This  n  diiTicull  lo  proiluiT  experimentally,  the  acute  eiperi- 
mentat  lesions  usually  ending  ■»  rapid  and  complete  rcLuvciy.  I'ositlve  tcsvlla  nave 
been  obtained  by  OphUls  with  lead,  uy  Dickson  with  uranium,  and  by  Klou,  1914,  with 
Id  fee  I  ion  ft. 

Reflex  Effects  of  Irritants. — ^stimulation  of  sensory  areas  acts  reflexly 
on  the  \'a<omolor,  cardiac,  respiratory  and  other  centers,  producing 
changes  in  the  circulation,  respiration  and  olhcr  functions.  TTicsc  varj- 
according  to  the  place,  exicnl,  spred,  inten.slly  .ind  kind  of  the  slim  ulatiotL 
As  "counterirritation"'  they  are  used  extensively  In  therapeutics. 

The  Respiratory  Reflexes. — These  arc  of  special  therapeutic  impor- 
tance. They  differ  according  to  the  state  of  the  center:  if  the  resjiiratory 
center  ts  depressed,  as  in  collapse,  morphin  poisoning,  anesthesia,  asphyxia. 
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etc,  moderate  counlcrirritation  produces  marked  slimuUUon;  and  if  the 
collapse  is  Dot  Loo  deep,  natural  respiration  may  be  rotorud. 

//  th«  mpiretion  ii  Hormat,  mild  cutaneous  irritation  may  cither  abw  tir  quicken  tilt 
nte.  If  the  irritation  is  ttmng,  the  [csplrftiinn  11  always  «li^wi'il.  IJuddcn  and  cxtvnslvs 
stimuUiioD,  fts  bjr  cold  douches,  praduces  mumtatarr  standstill,  followed  by  deep 
Inspintioiu. 

Consciousness. — This  is  also  often  revived  bycounterirritation,/./.,  in 
[aintioK  or  light  coma.  The  usual  mea.'iure»  for  this  puriwsc  arc  dashing 
with  cold  water,  slapping  with  wet  towels,  or  inhalation  o£  dilute  ammonia 
vapor  (smelling  salts  or  aromatic  ammonia). 

Circulation. — Mild  cutaneous  stimulation  (/.(.,  blowing  on  the  skin) 
tends  to  produce  widespread  vasoconstriction  and  therefore  some  rise  of 
Mood  prcMure  (Gructzncr  and  Heidenhain,  1S77).  The  vasoconstriction 
involves  mainly  the  cutaneous  vessels,  except  those  which  are  diialcd  by 
cUiect  contact  witli  the  irritant.  The  renaJ  vessels  are  also  cnnslricteci, 
whilst  those  of  the  brain  are  dilated  (Wt-rtheimcr;  Roy  and  Sherrington). 
The  cutaneous  vasocunstriction  tends  to  raise  the  internal  temperature. 
The  heart  rate  is  quickened  (Naumann) . 

TUMnoCor  Reflexes. — Mild  attmuktion  of  ncniuiry  ncrvcx  gcnenlly  produce*  a 
ili^t  dcpKHor  iKtiiin;  Mningcr  Mimuli  cause  h  preuiir  edect,  iaerMMag  '"ilh  llie 
intently  oS  tlie  atimulatrun  (Sliln  and  Martin.  IC115). 

With  ilrcHifr  ilimultilirm  of  llif  xki'i,  the  viuoconitrictinn  iKwHin  followed  by  dilation, 
fAll  of  blixid  pressure  nnd  o(  jnicroal  teraptraturc.  The  effect*  may  be  lew  than  with 
mild  imi:ilicin. 

Gastro-intcstiitat  Irritation.— Soil  man  n,  Hromn  and  Williams  (ioqj)  have  Khown 
tbat  Irrilatianof  Uie  stomach  or  peritonf  um  has  praclicalty  nv  cSi-ct  on  th«  blood  pirtAure 
in  BUcstbctiied  animois  even  when  thcan?sth«iai>  light.  There  is  generally  a  marked 
UicreaM  of  R*pir«tian,  and  Bometinica  a  sliglU  and  momentary  rite  of  blnod  prcuure, 
bat  no  (all  b  noticed  for  se^'crul  hours.  This  holds  true  both  fur  mild  Irrilanls,  such  as 
peppemunt,  mmiard  or  niodctate  heat;  and  for  sirong  corrosion  by  furmatdchyd, 
cooccntratcd  n>~id',  or  aclual  c^tutery,  even  when  theu;  menturr^  produce  perforation. 

Ilritatloa  of  the  Mouth  and  Larynx. — Tliis  produces  \'cry  mucli  mote  marked  cITccis 
(SoDmajin) :  even  contact  n-ith  s  per  cent,  acetic  add  cause*  strugglins,  convulsive  rise 
of  Uood  prcuure  and  dyspucic  le^plralion. 

Reflex  Shock. — Viuk'ut  and  L'xten<.ive  corrosion  may  produce  immediate  "ihoclt," 
wbiiih  may  be  promptly  fatal.  This  appearj  to  consist  rsienlially  in  profound  inhibi- 
tion of  live  ncr\'ou«  gysleni.  Since  it  U  n<>l  produced  in  ancsthelued  aninutit,  at  least 
with  anythinf!  like  the  ssme  rapidity,  it  must  be  due  to  psychic  factors— apprehension, 
pun  and  others — rather  than  to  rcilem  in  the  ordinary  sense.  However,  long- 
COnUnned  itrilatioB  of  Ihc  viicrta  t;'''"'"''"y  pioduces,  even  in  onntheiiu,  a  condition 
(•wdca)  ihock),  wlikh  is  allied  lu.  ii  nut  identical  ivilti,  acute  traumatic  ^hock. 

Hettbolicni. — Mild  stitnubtioa  of  citcntivc  skin  areas  {salt-water  boths)  increase 
metabolism.  Panl/ow  found  inrrrawd  oxyjen  coniumption  and  carbon  dioxid  cxcre- 
tlon  on  applyloK  tiiuipism  to  animatsi  2untc  and  other*  have dcmoiMtroted  increased 
aitiogen  excretion. 

"Derivative"  Actioa. — The  application  of  irritants  often  subdues  in- 
flammation in  dccp-scatcd  organs.  This  count urirritation  was  formerly 
supposed  to  act  simply  bj'  mechanical  withdrawal  of  the  blood  from  the 
inflamed  area  to  the  area,  of  "counlerirriiation."  This  explanation  is 
certainly  incorrect.  It  is  now  believed  that  the  circulation  in  the  distant 
organs  is  modified  by  reflexes  along  homologous  nerve  paths— in  a  sense 
a  rc\'crsal  of  the  ''referred  pain"  which  occurs  in  definite  skin  area*  when 
the  corresponding  viscera  arc  irritated  (ilcadj.    Tliis  would  explain  the 
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old  empirical  obsen-ations  that  the  countcrimtation.  to  be  m<wt  effective, 
must  be  applied  at  a  ddJnite  place  for  eodi  internal  ioilainmation 
(Figs.  3a  and  ^b). 

Cold  applied  to  one  hand  eoiutricta  the  vessels  of  both  hands,  and  hcftt  tfUU*  ihcm 

(G.  N.  Stcwivrt,  1913;  Hewlett,  igij).  IrtiiHiion  oi  the  hunt!  by  mustard  does  not  in- 
crease ihclora!  blood  liow.as  would  be  etpccltd  (lom  the  rubcfActJon  OVooduid  Wd^ 
mail,  [yi  jj  llcwleit.  igi3). 

JuSuence  of  Pain  od  InflBnmuition. —  Bafdy,  1914,  confirms  SpiCBS  and  Btucc  that 
inflnmmntory  phenomena  depend  mainly  on  senwrv  ditluthance^  {pain,  trflcs  hyper- 
emia, etc.).  The  relies.  Imvievcr,  k  quite  pcriphetBl.  for  instntxe,  muttard  cDOJunc- 
tivitji  U  prevented  by  local  anesthetics  o(  by  diviMon  of  the  peripheial  nerves,  but  ftOt 
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by  section  ot  the  ramus  ophthalmicus.  It  is  prevented  by  cucotln.  so  ibat  the  rdUs 
tnufrt  involve  the  ganglin.  Central  anesthetics,  ether  or  rootpKia,  aW  prevent  the 
inflamiDklion.     Other  iubstancci  having  a  similar  cffectarc:  caluum  thlorid.  ariiipyrin, 

Juinin.  salicylates,  ulaphan,  biomids,  etc.;  and  substances  yielding  avaikiilc  oiygea. 
Xniberp,  Lievcnhart  and  McCiure,  igiG.) 
ChAnees  in  the  Blood.— Irri in  lion  of  the  skin  produces  changes  in  the  blood  which 
may  have  gome  influence  on  inflammation:  Wititemiti.  iSijd.  found  at  first  Icucoprnia, 
then  Itucocylosh.  V.ni  den  Vcldcn.  loij,  claims  Ihut  the  toagulaUilily  of  thc«>'*ltmic 
blood  i*  IncreMed  by  a  number  of  Inca-i  irritant  and  cspedally  vasoconstrictor  proceaaes 
(ice  to  til*  Ma',  &»tringentE  or  epineptirin  to  itie  moulb;  cocoin  to  tfac  hom;  turpentine 
lahaJatlon,  etc.). 

Relief  of  Pain  by  Cotintetiiritation. — ^Tliis  is  partly  ei^lained  by 
homologous  reflexes;  but  largely  also  by  the  diveraon  of  the  attention 
of  the  patient  from  the  diseasc-paio,  to  the  ustially  more  bearable  scn- 
Stttions  of  the  countcrirritant. 
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Therapeutic  Indicatioas  of  Cutaneous  Irritation. — This  is  employed 
mainly  In  thi;  JoUnvving  condillons: 

1.  /»  certain  skin  diseases,  for  Ihe  local  effects — alkalies,  sulphur, 
chiysarobin,  etc. 

a.  To  promote  diaphoresis — alcohol,  frictions,  heat,  etc. 

3.  For  reflex  slimulaJion  of  the  central  nervims  system,  in  fainting, 
kcoUame,    narcotic    poisoning,   accidents   of  anesthesia,   etc. — ammonia 

inhalation,  heat  or  cold. 

4.  To  oiler  the  distribution  0/  blood,  to  prevent  colds — mustard;  to 
relieve  congestion  of  viscera — poultices,  vesication;  or  to  promote  the 
absorption  of  exudates — iodin,  veslcaiion. 
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Counterirritation  i&,  as  a  rule,  useful  only  in  chTonic  inHammation. 
In  acute  inflammation  there  is  always  a  danger  of  increasing  the  process 
or  of  causing  it  to  extend  to  neighboTing  organs. 

5.  Ta  diminish  pain,  especially  in  neiinilgit  and  rheumatic  affections — 
turpentine  and  other  volatile  oils,  cai>5icum,  chloroform. 

6.  As  a  general  tonii,  in  the  form  of  sall-walcr  biilh.^  or  alcohol  frictions. 
Ilienpeutics  of    Cauterization. — Cauterization— the   destruction   of 

tissue — is  sometimes  employed  for  severe  counterirritalion,  but  particularly 
U>  rentme  lissNe:  (i)  In  cases  of  poisoning,  snake-bite,  etc.;  (a)  for  the 
removal  of  pathologic  tissues,  tumors,  warts,  etc. ;  (3)  indolent  granulation*, 
etc.;  (4)  lo  cause  cicatricial  contraction  of  hypcrtrophicd  mucous  mem- 
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branes(noae,  etc);  (s)for  removing  the  nerves  of  teeth;  and  (6)  to  remove 
superfluous  hair. 

In  iTiftny  cnscs  the  chcmic  cautery  has  been  replaced  by  golvano-  and  Ihcrmocaulet)', 
which  nrv  mure  ptumpt  and  (icrmit  a  more  exact  lirmtklion  of  Iho  cauicii^ird  am.  On 
the  other  hand,  the  slower  eSect  of  chemic  caustic*  ii  i)l  ndvanio^F  in  permittini-  ft 
KMiduation  in  the  strength  of  the  action,  or  in  confining  It  to  certain  tiuiic  dementi. 
Pathologic  formatluns,  being  less  stable,  sre  In  this  way  motv  profoundly  altered  tbcA 
BOirinal  tissue. 

The  cituglicB  may  be  applied  in  solid  form  (sticks,  or  fused  at  the  end  cif  n  pn^be),  inj 
paste,  or  in  solution— the  nisi  \>elau  the  mu»t  strictly  localizablc.  the  ls«l  tbc  most  dil4 
lUK.  In  the  latter  case,  or  when  Inv  eschar  liquelii-s.  the  surrounding  Uwue  tbuuld  bft' 
protected  by  court -plaster. 

General  Toxicology  of  Irritants.^ — Tlie  phenomena  prothiced  by  irritant 
poisons  depend  in  the  tirst  pliicc  tipon  the  part  of  the  body  with  which 
they  are  brought  into  immediate  contact.  The  most  prominent  symptoms 
arise  (lom  the  skin,  alimentary  canal,  or  respiratory  organs;  the  last  only 
in  the  case  of  very  volatile  poisons.  Later  symptoms  may  appear  in 
the  urinary  organs. 

The  extent  of  the  action  depends  upon  the  concentration  of  the  p<»soiis, 
the  time  during  which  they  act,  and  the  extent  of  suriace  with  which 
they  come  into  contact — less  tipon  their  absottite  amount.  If  taken 
by  the  alimentary  canal,  their  action  will  also  be  modified  by  the  presence 
of  food, 

Canterixation  of  the  SIdn. — This  may  ttc  accidental  or  criminnl.  In  the  lattcs  cMC 
it  ii  usually  by  sulphuiic  add  ("Vitriol "}.  The  rtiutlj  arc  the  same  a»  in  the  cote  of 
citensive  bums.  The  diagnosis  offers  no  difficulty.  The  chamcter  of  the  stains  is  that 
descriljL'd  in  Ihc  ncit  scctian.  Sufficient  oi  the  corro*>ive  can  Kenerally  be  collected 
from  the  clothing,  etc.,  to  establish  ll*  identity  by  chemic  tncann.  The  Ittatmtnl  i» 
precisely  like  Ihjl  for  bums,  alter  prcviiius  neutraliialion  and  removal  of  tbecortotive 
agent.  Salves  nnd  oils  are  useful — especially  the  Linimentum  Calcis  (Carnia  Oil,  i,^, 
eciuat  parts  Linseed  Oil  and  Lime- water). 

Caustics  in  the  Eye. — Tliesc  nrc  he*l  washed  away  by  liberal  application  of  water. 

Caustic  Poisoning  by  the  Alimentary  CaoaL — The  introduction  of 
caustics  by  the  mouth  is  generally  accidental  or  suicidal.  The  effects  are  so 
painful,  appear  so  promptly,  and  the  lesions  are  so  persistent,  that  tbcy 
would  scarcely  ever  be  used  in  criminal  poisoning — except  poa.'tibly  in 
infanticide.  They  arc  sometimes  taken  by  mistake  for  s\rup  or  other 
medicine,  and  may  be  swallowed  before  Ilie  difference  is  noticed.  How- 
ever, certain  organic  irritant.s,  usually  insoluble,  such  as  crotoa  oil, 
do  not  produce  their  action  for  some  time. 

The  phenomena  vary  according  to  whctbcr  the  irritant  produces 
an  actual  cauterization — a  destruction  or  solution  of  tlie  tissues;  or  whether 
it  causes  only  in  (lam  million. 

Irritants  Which  Do  Not  Destroy  the  Tissue. — To  this  d«»  belong 
elaterium,  croton  oil,  an<i  most  of  the  other  organic  irritants,  such  as 
volatile  oils,  formaldchyd,  etc. 

The  symptoms  are  those  of  a  violent  zost^omierUU:  nausea,  vomitins, 
and  diarrhea.  If  the  poi-ton  acts  only  when  dissolved,  and  is  insoluble 
in  the  stomach,  as  is  croton  oil,  the  nausea  and  vomiting  may  not  be 
present,  but  only  the  diarrhea.  The  symptoms  will  appear  correspond- 
ingly late,    Tlic  abdomen  is  usually  distended  and   extremely  painful. 

xially  upon  pressure.  As  a  result  of  the  gastroenteritis,  there  is 
isive  dilatation  of  the  splanchnic  area,  and  consequently  withdrawal 
cod  from  other  parts  of  the  body.    This  produces  marked  changes 
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in  the  circulAtion.  The  pulse  will  be  soft,  small,  and  quick.  The  louvrfd 
cinulaJion  reacts  upon  other  organs,  and  mo-it  conspicuously  upon  the 
c^fUral  nervous  system.  There  is  great  anxiety,  vertigo,  delirium,  convul- 
sions, then  callapu,  and  finally  coma  and  death.  Thu  picture  is  comaion 
to  the  entire  series  of  irritant  poisons. 

Abortioa. — The  hyperemia  is  not  confined  to  the  intestine,  but  extends 
to  all  the  ahdomiiial  organs,  which  therefore  parlake  in  the  inflammation, 
although  they  do  not  come  into  direct  contact  with  the  irritant.  The  most 
important  organ  involved  in  this  is  the  uterus,  and  the  organic  irritants 
have  bixn  used  lo  procure  criminal  abortion.  Oil  of  savin,  of  tansy, 
and  of  pennjToyal  enjoy  a  special  reputation  in  this  connection,  but  any 
Other  irritant  produces  the  same  result.  The  ecbolic  cflect  is  only 
secondary  to  the  gastroenteritis,  and  the  latter  is  very  often  fatal  without 
accomplishing  the  object  for  which  it  was  produced. 

The  postmortem  appearances  are  those  of  gastroenteritis,  and  in  cases 
of  suspected  criminal  abortion  this  must  be  of  sufficient  extent  to  explain 
the  taial  issue.  The  pathologic  condition  consists  in  an  intense  congestion 
of  the  entire  alimentary  canal,  often  with  inflammatory  exudate  into  the 
lumen  of  the  intestine.  The  congestion  may  be  so  violent  as  to  produce 
ccchymoscs.  It  thc*c  are  present,  Ihe  vomit  and  stools  will  be  tinged 
with  blood  during  life.  Destruction  of  tissue  is  quite  rare.  It  may, 
however,  occur  from  gangrene  due  to  the  interference  with  the  circulation. 

Th«  Fixed  Caustics. — The  most  important  arc  the  mineral  acids; 
oxalic  acitl,  which,  however,  stands  apart  on  account  of  its  specific  toxic 
action;  the  organic  adds,  which  are,  generally  speaking,  corrosive  in 
proportion  to  their  volatility;  the  alkalies  and  their  carbonates;  the  haloid 
substances,  bromin,  chlorin,  and  iodin.  Phenol  and  the  metals  are  also 
to  some  extent  corrosive,  but  not  usually  sufliciently  so  to  produce  perfora- 
tioo.  The  alkalies  and  bromin  produce  tlic  lawX  extensive  destruction 
of  tissue,  because  of  their  deep  penetration.  With  them,  the  scar  forma- 
tion is  also  the  most  e.xtciwive. 

Corrosive  effects  occur  especially  in  those  situations  which  arc  in  pro- 
longeil  contact  with  the  caustic:  the  lips;  mouth  and  pharynx;  esophagu.i 
at  its  beginning  and  end,  and  where  it  crosses  the  left  bronchus;'  and  the 
ittomach,  especially  the  pyloric  end'  (because  the  caustic  follows  the  lesser 
curvature  and  accumulates  at  the  pylorus}.  The  firm  closure  of  the  py- 
lorus furnishes  more  or  less  protection  to  the  intestines. 

Characteristic  Appearance  of  the  Corrosions  and  Stains. — These  are  of 
diagnostic  importance,  since  they  may  be  recognized  alwut  the  mouth 
during  life: 

Alkalies  cause  transparent  swelling  of  the  epithelium,  which  will  detach 
as  a  gelatinous  mass,  exposing  the  scarlet-colored  inflamed  area  beneath.' 
The  otJ>CT  corrosives,  which  precipitate  proteins,  produce  at  first  a  grayish- 
white  opaque  stain.  This  persists  in  the  case  of  the  metallic  poisons. 
Tlic  acids,  however,  change  the  hemoglobui  in  the  neighboring  area  into 
the  dark  acid>hcmatin,  and  the  color  of  the  stain  consequently  becomes 
dart  or  black.  Nitric  acid  is  an  exc«ption:  its  stain  takes  on  a  yellow 
color.  Tbi*  differs  from  that  of  picric  acid  by  being  changed  lo  orange 
by  alkalies,  whilst  the  picric  acid  slain  remains  unaltered.     Bromin  pro- 

>B.  V.  Itoffnuuin,  AllMq(L<«i>l  MnliditM,  W.  B.  Staaodtn,  iMea.    Pi)tL  1 16  and  til. 
'>Il  ^^a.  1ST. 
•tb.  Piatt  46. 
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duces  a  characteristic  light  brown  or  orange  Mtain ;  iodin  stains  a  mahogany 
color.    The  silver  stain  turns  black  after  a  time. 

Removal  of  Stains. — The  stains  of  iodin  and  silver  are  frequently  a. 
source  of  annoyance  in  their  therapeutic  exhibition.  They  can  be  readily 
removed:  The  iodin  by  ammonia  water  or  by  lliiosulphate;  the  silver  by 
potassium  cyanid,  or  by  painting  first  with  iodin  and  then  with  ammonia. 

Symptoms  of  Corrosive  Poisoning. — These  liegiii  in  the  moutli,  with 
burning  pain,  dysphagia,  and  loss  of  tissue.  The  taste  of  many  of  thc«c 
substances  is  characteristic — add,  alkaline,  metallic,  astringent,  etc 

The  further  symptoms  are  those  of  ga^trcicnlcriti*.  similar  to  (hose 
described  under  non-corrosive  irritants,  but  Rcncrally  more  severe.  The 
vomiting  and  diarrhea  are  more  frequently  bloody.  In  the  ca*e  of  acida 
the  vomited  blood  is  frequently  very  dark  in  color  on  account  of  the  for- 
mation of  acid  hemalin.  Thia  is  tJie  so-called  "coffee-grounds"  vomit. 
The  jiain  is  verj'  much  more  marked  with  corrosive  poisons.  The  destruc- 
tion of  the  tissue  gives  rise  to  reflexes  which  may  take  the  form  of  "shock," 
The  ab'sorplion  of  the  chemic  products  of  corrosion  may  prn<tuce  twa; 
or  the  temperature  may  be  lowered  by  collapse.  If  perforation  occur!^ 
the  clinical  picture  turns  into  that  of  peritonitis. 

Death.— This  may  occur  from  shock  before  the  local  symptoms  have 
lime  to  develop;  or  it  may  follow  after  one  or  two  days  of  more  gradual 
collapse;  or  it  may  result  later  from  peritonitis;  or  finally,  after  recovery 
from  the  acute  effects,  the  formation  of  icar-thsue  in  the  corroded  areas 
may  lead  to  stenosis  and  thus  to  gradual  starvation. 

PofitnuHtem  ExnininatJon. — This  shnws  the  chatnctcrUtic  ttjuns  and  corrouon*  in 
the  mouth,  rmjilingij*.  tlom.icli  and  dutuktium;  with  the  metallic  corroRivM,  ili*  cecum 
Knd  large  inti-siines  m.iy  shciw  ihr  pfintipiil  changes'  »ince  many  metals  are  excreted  in 
those  silualions.     The  inher  .ihilominal  organs  are  also  hypcrrmic. 

When  the  action  hu!.  not  p^ug^e«$l^(j  to  uctual  corrosion,  there  In  oflea  very  nuiked 
hyperemia  nnd  etchymosJEi,  The  color  is  frequently  much  darker  Ihno  corrctponds  to 
the  amount  ot  cong^iion,  eipccially  in  the  raw  of  add*  (due  to  arid-hcmatin).' 

Treatment  of  Poisoning  by  Corrosives. — The  first  measure  is  Mutum, 
since  the  action  is  proportional  to  Ihc  concentration.  The  drinking  of 
water  in  abundance  and  the  washing  out  of  llie  stomach  arc  therefore 
importanl.  If  corrosion  is  already  advanced,  il  is  nut  advisable  lo  pass 
the  stomach-tube.  The  further  treatment  consists  in  the  administration 
of  dtmulcent  substances,  as  mucilage  or  boiled  starch;  or  proteins,  aa  white 
of  egg;  or  milk.  The  proteins  are  especially  useful  against  the  metallic 
poisons,  since  they  form  rather  insoluble  albuminates. 

The  pain  usuidty  requires  the  exhibition  of  narcotics  in  free  doaes. 
Most  of  the  irritant  poisons  can  be  treated  by  chemic  aulutotes;  in  the  case 
of  alkalies,  by  acids  (vinegar,  lemon  juice,  or  any  add  diluted  to  i  to  5  per 
cent.);  in  the  case  of  adds,  by  means  of  alkalies;  preferablv  magnesium 
oxid;  or  in  emergencies  by  soap.  (The  free  alkalies  are  usually  too  caustic, 
and  the  carbonates  involve  danger  of  rupturing  the  corroded  stomach  by 
the  evolution  of  carbon  dioxid  g;is.  Potassium  compounfls  are  objettitMi- 
ablc  because  of  the  danger  of  toxic  absorption  from  the  corroded  mucosae. 
In  cise  of  necessity  any  alkali  may  be  used,  such  as  whitewash  or  chalk.) 

loJhi.  cJilorin  or  bromln  may  be  neutralized  by  sodium  bicarbonate. 

Volatile  Caustics. — These  comprise  ammonia,  chlnrin,  bromin,  the 

■nn  mineral  adds,  the  gaseous  acids,  such  as  sulphurous,  nitroua,  etc; 

I  ib.  Plau  4  J. 
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udctnain  orgamc  Acuist — acetic,  formic,  ulc.  Also  other  organic  sub- 
•Ubre,  such  as  (ormalttchyd;  and  the  volatile  oils,  especially  the  oil  of 
MMinl. 

When  swallowed,  ihcsc  produce  the  symptoms  already  described,  the 

beiii);,  huvrever,  more  rapid  and  exteiuliii;{  more  rleeply.     When 

i,  they  irriiatc  mainly  the  respirator}'  passages  and  other  exposed 

BUS  membranes,  causing  coryim,  conjunctivitis,  bronchitis,  pulmun- 

Hcnu,  pneumonia,  etc.  Through  the  irritation  Ihcy  produce  pro- 
miad  ixrvous  effects,  at  first  mainly  stimulant.  Tlie  respiration  stops 
U  ist  b  i-xpiralion,  the  glottic  rloc<cs  spasmodically,  and  the  bronchial 
midtt  contract.  This  is  a  conscr\'ativc  mechanism,  and  explains  why 
bulpoisoainx  is  not  more  common.  During  this  stage  there  h  cardiac 
ialdlaikiD  through  vagus  stimulation,  and  also  dilation  of  peripheral 
vmb.  The  inhalation  irritants  may  prove  promptly  fatal  by  npasm  or 
dam  oF  the  glottis;  or  the  course  may  t>c  slower,  passing  through  bron- 
cUlB,  pneumonia,  etc.  ((/.  L.  Lcvrln,  190S).  The  irritation  may  also 
BVt^  the  esophagus  and  stomach,  with  protracted  hemorrhagic  ^stritis 
(Uepnrto/.,  1915).  The  inhalation  of  irritant  vapor  is  especially 
<ldtltrious  to  asthmatic  indi\-iduab. 

BiDixbodilator  drugs  (atropin,  etc.)  have  a  limited  cfficicnc>'  against 
thtKutc  respiratory  distress  of  irritant  gases  (Symcs,  1915). 

r*e  r/rrfj  of  small  quantities  of  iWaJt/r  irritants  in  Ikr  air  has  an  cco- 
"Bit  importance,  in  view  of  their  escape  from  chemical  factories,  etc. 
^Wt  on  be  little  doubt  that  even  a  small  proportion  tends  to  produce 
^MQcUtla,  and  to  diminish  the  rrustance  to  infections  (Konzani,  1908: 
IttoaoeDtrations  of  CI,  SOj,  NO)).  They  may  possibly  cause  cachectic 
<*niitioii3;  but  it  is  ditficull  to  assign  the  limits  between  which  these 
|i°i9auare  harmless,  objectionable,  and  dangerous. 

HMcPaoxidtNitroui  Acid,  NOi). — TImcoiutttuCM  the  brown  vApanBriMtifttrom 
|*«iw  of  altrtc  acid  on  mitals.  It  h  abo  produced  ici  Urn?  amount  En  tha  cambiu- 
^'jmcId  th«eiplaMoa)  of  nltroglycrrin  as<l  ^un-coiiun.  Tlii;  acute  tibeooBiena  are 
"■iMf  tlishl.  but  Ihcy  arc  followed  alter  six  or  eiahl  hours  by  nudilen  bropcbltic 
fllKb  wtib  cxlrcmr  dyftuflca,  pulmonaiy  cdfina,  and  ojtcn  death  wllbia  forty-cii{hI 
»«(P.C.  Wood.  i<)i»). 

lUi  gat  i>  tbtTcfwc  (specialty  daagtroui. 

FIXED  CAUSTIC  ALKALIES 

Mcnbcn. — These  comprise  NaOII  and  KOII,  which  corrode  even 
^ikin;  the  caibonates  of  sodium  and  potassium  which  arc  not  caustic, 
wtthieJi  irritate  the  mucous  membranes  violently;  and  quickUme,  which 
<•  Uootmt  of  its  limited  solubility,  is  caustic  only  when  used  in  substaiKC. 

lr«M«f  tf  AnSoH.—Thc  free  nlkalict  coielMnc  mtb  the  tluue  etementi  to  (oitn  alkn- 
MfdhunkaUa,  or  with  ibe  fals  lu  form  soap^,  &nd  in  thU  way  produce  1  dctiiructlon 
"■hoiaee.  They  a'c  al*o  very  hygroM-opic,  iind  iriibdraw  w«irt  from  the  wQj, 
"■h  CMIribatM  to  the  nccrosU.  The  leab  which  (bey  produce  U  v«ry  »otI.  and  the 
napMiiid»  which  they  (orni  arc  vtry  soluble;  coMoqueatly  the  allulka  pcflctrale  vcnr 
ypy,  art  veiy  painful,  their  octioQ  conlinuFA  (or  KvenI  duy^  and  leads  to  exlenalve 
■CHBaliaOL  It  H  therefoire  difficult  to  circumscribe  their  effect*.  Thin  b  only 
RmdlHl  \»f  mixing  Ibcni  with  the  non-diSutibIc  quiclclimc  a*  in  the  "  VUmut 
■  adnure  of  canal  ports  of  KOH  and  CaU,  stirred  latoa  thick  paste  u-Ith  akuhol. 
Bd  and  PotcatMl  AlkaliBitr-— The  "actual"  or  immedintelv  eflectivc  alkalinity 
•  MhiUoM  depends  on  the  dissociated  OH  ions;  but  as  these  combine  uiib  the  tlssncs, 
lin  Olt  km*  arc  Hd!t  oS  ("potential")  alkalinity),  which  conlinuc  the  action.  The 
'  rOta.  therefore,  dtiwnds  ui>oa  the  total  quantity  of  OH  ions  vbicb  can  be  split 
the  cwiditioni  oi  tbe  body  (Drowr,  1910).  This  can  bo  estimated  by  ap- 
lodkaton. 
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Poisoning  by  Caustic  Alkalies  (Lyes). — Thi»  U  quite  common.  Half 
an  ounce  of  putassium  carbonate  or  an  ounce  of  the  liquors  would  Rcn- 
erally  be  fatal.  Swdium  carbonate  is  less  toxic.  On  accwuni  of  the  tlccp 
action,  sirklure  oj  the  aophagus  is  a  frequent  sequel,  and  ihc  fatality  is 
fairly  high. 


PREPARATIONS — CAUSTIC  AI.KAtJES 


*  Potaaii  Hydro lidiim  (Pat.  Hydrox.).  U.S.P.;  Polassa  CauHtfa  (PotaK.  Cnu»L>, 
B.P.;  PoUwium  Ilyiiroxid  (Caustic  Potash,  PnlaiAiuni  Hydrate);  KOII. — White  fl&kcs 
or  masstrs  ur  [MrndU:  odorli^s^;  caustic.  Vvry  ioX.  in  water  (i  'o.o).  Irvely  >oI.  in  tic 
(i  :j).     Used  as  caustii;.  to  remove  wntts,  etc.;  nod  to  Hiftcn  cpidcrmii  (a  per  cent.), 

•  Liq.  Pol.  llydrox.,  U.S.P.;  Llq.  Potats..  HP.— s  per  Cent,  Somrtlmcs  u»pd  lolcr- 
nallv  MS  iilk«l),  Dasi,  i  C.C.,  is  mininis.  U.S.P.;  o.S  to  i  J  C.c,.  lo  1030  muunu.  B-P.; 
freely  diluted. 

Pirlai.  Cathonas  (Pot.  Cnib.),  U.S.P.,  Il.P.  (Sall»of Tartar); K|COi.—WWte grina- 
l&t  powder;  odorku;  stronjtly  iilkalluc  taslc.  Very  dvliqueicent.  V'^'y  >t>l-  in  water 
(1  :o^),  practiuUly  inaul.  in  ate.  Dme,  i  Gm.,  15  K'.-  U.S-P.;  o>3  to  i.j  Gm.,  $taxaz't 
B.P. 

Sod.  Hydmx.,  U.S.P.  (Cnuhlic  Soda);  NaOK.— Dry.  while  flkkes,  or  foMd  maMcsar 
pencils-     Very  sol.  in  water  (1  :o.g)  and  ale. 

tig.  Sod.  ilydtoX;  U.S.P.  (Solution  of  Sodnj.— j  per  cent.  I>oit.  i  ex.,  13  ■alnllM^ 
U.S,P. 

' Sodii  Carbonai  MenohydroiHs  i^cvi.  Carb.  Monohyd,).  t'.S,P.;  NaiCOi  +  IlrfX — 
A  white,  crystalline,  granular  powder;  ttrongly  alkaline  toile.  Freely  mI.  in  water 
(1  :  j)and  inglyc.  (i  :7);insol.  in  ale  Used  ag  lotion  (o.j  percent-).  It  neatly  twice  U 
ttrpng  as  the  ordinary  crvslnlUxcJ  carbonate.     Dose.  0.15  Gm..  4  gr.,  U.S.P. 

■  Sod.  Carb.,  H.P.;  Sodium  Carbon.ile  (WaahJug  Soda):  NaiCOi  +  10  llrf)  (cqulvs- 
lenl  to  j7  per  cent,  of  Na,COi). — Freely  sol.  in  water  {1  :»)■  Dotf,  0.3  lo  i.aGtn., 
5  lojogr,  B.P. 

Sed.Carb.  Exsic.,  B,P.;  NaiCO..     Dote,  0.1  lo  0.6  Gm.,  3  to  10  er.,  B.P. 

Calx,  U.S.P.,  B.P.;  Calcium  Oxid  (Lime,  (Juicklime);  Cat).— lUtd.  white  ot  Rraylah- 
while  mossM,  or  a  white  powder;  odorless;  caustic  luste.  Slightly  sol.  in  water  (1  :&40); 
R0I.  in  glyc;  insol.  in  ale.  When  sprinkled  with  about  half  ii«  wcigtit  of  water,  calcium 
DxitJ  becomes  healed,  and  xi  gradually  converted  into  u  white  powder  (caldum  by- 
droxid  or  slaked  lime).  When  this  is  mixed  with  about  j  or  4  porta  of  water,  it  form* 
t  amootli  nrngma  (milk  «f  lime). 

Cole.  Ilydr..  U.P,  lSlakcdLime);Ca(OH),.—WTiilc powder. 

"  Liquor  Calcis  (Liq.  Calc.).  U.S.P..  B.P.;  Solution  of  Lime  (Lime-water). — A  Mtl)- 
ratcd  solution  of  Ca(OH)i.  containing  about  0.14  per  cent-  Clear  rnlorle!sliqti[d;<Mior> 
Um;  alkaline  taste.  IncompixlihU  with  carboDatci  ur  "hanj"  water.  Used  as  antacid, 
a^inst  diurrhea  and  riternally  against  burns.  It  ii  oftcD  ad<lcd  to  milk  (t  :4).  Dost, 
ij  C.C.,  4drams  (atraut  o.«i  Gm.  of  the  hydro»d),  U.S.P.;  30  to  110 c.C,  I  to  4  OUDces, 
B.P. 

Uq.  Caicis  Snecbattsliis  (Lia.  CaJc.  Snceh.),  B.P.  (Syrup  of  Lime). — Contains  about 
I  per  cent,  of  CaO.  Antacid,  and  antidote  for  phenol  poisoning.  Doir,  1  c.c,  3 
minims. 

'  LiHimentam  Catfts  (Lin.  Calc-),  U.S.P.,  B.P.;  Lime  Liniment  (Corroa  (Ml). — .\ 
mixture  of  equal  volumes  of  lime.watcr  and  oil  (olive,  B.P.;  liQMcd,  U.S.r.).  AppUed 
to  bunu,  on  clotht,  frequently  renewed. 


AMMOnU 

This  diflers  from  oilier  alkalies  by  its  volatility  antl  dccpi-r  pcnetnttion. 

Use  as  Counterirritant.— It  passes  through  the  stratum  corncum  of 

the  epidermis  without  injuring  it,  and,  acting;  upon  the  lower  layers  ot 

the  skin,  produces  blisters.    It  is  sometimes  used  for  this  purpose  instead 

of  cantharides,  especially  in  nephritis,  where  the  latter  can  uot  be  employed. 

-^1  is,  howe"*-         "  riainful. 

I  more  dilute  form  as  liniment  foe  countcfirrita- 
defdred. 
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The  Inhalfttioa  of  Ammonia. — Free,  or  in  the  Form  of  aromatic  spirit, 
or  of  carbonate,  this  is  used  for  rcSex  stimulation  in  fainting,  etc.  Cure 
mu*i  be  U5«il,  since  too  high  concentrations  of  the  vapor  may  produce 
bronchitis  or  pneumonia. 

Poisoning  by  Swallowing  Ammonia. — This  presents  the  same  phe- 
nomena as  other  caustic  <ilkalk-s  except  that  the  respiratory  passages  are 
more  involved  by  the  inhalation  of  the  vapor. 

Five  to  lo  Gm.  of  the  official  solution  would  be  toxic;  jo  Ctn.  m  generally  faUt, 
atthMigh  it<i>vxiy  hiM  occurrrd  from  bo  Gm. 

/«W<rtw»«jf  jmuioiiio.— ThisprodutM  Ihe  effpcls  deacri bed  under  volatile  imtiint*. 
For  mail  0.5  to  t :  1,000  bccnmc  insupportsblc 

For  "Pnfar^ioas,"  »cc  Indvx. 

ALKAUNE  SALTS  AND  SOAPS 

The  soluble  bicarbonates,  basic  phosphates,  borates,  sulphids  and 
soaps,  act  as  mild  alkalies,  since  their  watery  solutions  undergo  hydro- 
Jyiic  diwociation,  with  the  libenilion  of  OH  ions. 

Actions  and  Uses. — By  their  alkalinity,  they  dissolve  mucus,  soften 
the  epi{lermi.'4  and  hair,  ;tntl  emulsify  and  dissolve  fats.  Tliey  are  ihcre- 
forc  employed  in  catarrhal  conditions;  in  skin  diseases  (seborrhea,  acne, 
ichthyosis,  psoriasis,  and  epidermal  proliferations);  to  fadliLilc  the  pene- 
tration of  antiseptic  remedies  into  the  skin  (in  scabies,  favus.  ringworm); 
to  emulsify  cutaneous  remedies  (mercury,  tar,  sulphur);  as  lubricants  for 
liniments  (»oap  liniment);  as  cleansing  agents  (detergents),  especially  in 
the  form  of  soaps  and  borax;  and  as  depilatories  (especially  the  sulphids). 

Laxative  Action. — In  the  rectum,  soap  secures  prompt  evacuation. 
It  is  used  for  this  purpose  as  warm  soap-suds  enemas;  or  solid,  formed  into 
a  suppository. 

Tie  Detti^«nt  Action  of  Soaps. — Thin  is  due  10  iLc  mochaalcal  effect  of  the  foam, 
tlir  rmul^ilication  of  thr  i;msc.  and  Uw  sofleninii!  of  tlii;  cpidermi!),  w  that  the  supei> 
ficijl  liyrfi  are  readily  removed  with  the  adherent  dirt. 

Potauiutn  M)ap«  nrc  the  more  eocigelJc.  Tticy  are  MmiUquid  Uoft  soap);  lodlum 
forau  hard  itoaps. 

Alkaline  BaQis. — In  skin  discosri.  these  arc  liot  admininicred  at  Ijedtime,  .Vny 
of  the  alkaline  Milts  cnn  be  used;  i»ci\  a.;  sodium  carbonnle  or  bicaiboniitc,  potiKsiutn 
carboaale,  or  borax,  ld  the  proportion  of  about  100  Gm.  per  Iwth;  for  lutiuiis,  i  pel  cent. 

Heoioqtic  Action. — .Ukalics.  and  especially  aoap*,  arc  hemolytic.  TbcM:  al»o  ■tea- 
•itUe  pncBRiocoecI  lo  seruni'lvsls  (Flexner,  igij). 

PtUfoCTloeis.— This  is  slitnulated  by  soaps.  «vrn  in  fairly  high  eoneenliatioos; 
but  cxccaitvcly  strong  solutions  are  detrimental  (Hamburger  and  de  Iloan,  1913). 


t^Er,UlAT10NS 


-SOAP 


'Saps.  U,S.P.-,  Sato  Dunu  (Sap.  Dur.).  B.P.;  Soap  (While  Castile  Soap).— Pre- 
pared  from  sodium  hyoroxid  and  obvc  oU.     A  white  mild;  sol.  in  hot  water  and  ale. 

S«P-  Animal.,  B.P.;  Cutd  Soap, — Hard  soap  prepared  from  nnEtnal  fat. 

'Sa^  ilMii  (Sapo  MoU,).  II-S.P.;  (Sap-  Mofi.)  B.P.;  Soft  Soap  (Green  Soap, 
SApo  Viriitia.  Sapo  Kalious). — Made  from  pnlassium  hydroiid  and  vegetable  oil  (cot- 
tuoaeed.  U.S.P.,  olive,  B.P.}.     A  aott.  unituous.  yellowish  masa. 

*  Zinimrnfiini  Ssfonit,  (Lin.  Sapoo.),  U.S.  P.;  Soap  Liniment  (Opodeldoc). — An 
alcoholic  solution  of  6  per  cent,  of  soap,  4.5  per  cent,  of  camphor,  and  i  pci  cent,  of 
KMonary  oil. 

*  Lin.  S^p.,  B.P. — Similar  lo  the  preceding. 

*  Lim.  Sd/on.  UcU..  U.S.P.  (Tincture  of  Green  Soap). — i  part*  of  the  »oap,  1  port 
el  alcohol,  flavotcd  wlUl  lavender  oil. 


iitH     ^      uanval  or  pharmaoolocv 

AIXAUNE  SULPHmS 

Wb«D  AppUed  to  Ihe  tkin,  the  Kulphlds  (K.  Na,  Cn)  raftcn  the  tlntuin  oonwum 
much  Ukc  toe  >llcalicK  and  thty  art  um'J  in  tbr  Mnir  conditions.     Thcli'  kclion  on  luir  ~ 
cv«n  s'«>l'^'>  <*"  ^^^  ^'*y  '■^  valuable  u  deulatorics,  npccully  nit  Milfihvn 
When  taken  by  nwHi*,  they  act  os  frrit&nlt  and  comolves,  tliiouKh  ihe  UlxTatlon 
wIpliiircitcJ  liydioxen  and  free  alluli. 

Toiic  Dosc«.— TheM  produoc  the  (yttrnilc  effects  oT  b)-d/o(ctn  Mlplikl.    DmUi 
occuncd  from  ii  to  ij  Cm.     Soaallcr  dutirs  have  little  systetnic  sctioo,  «»  they 
rkpUly  oxidiMd.     1'hty  ure  ikhUJ  in  the  urine  mainly  au  nilpbaln;  but  Ibcn 
to  be  also  some  orRanic  tulpbur  compounds. 

A  unall  amount  of  some  \'(ilatik  Kulphur  compound  ii  nlso  excreted  by  the  lumt-^ 
nivins  tlic  peculiar  HtS  odor  to  the  bmih.  find  earning  some  itftttarwa  actisa. 

When  injected  inltmenouily,  (he  lulnhid*  produce  violent  convuldoos,  foUowfd  1*^ 
depresMon  of  the  mnlullary  centers.  This  U  due  to  «  direct  action.  Oubide  o(  ll»' 
body,  sttlphids  form  a  peculiar  compound  with  hemoglobin,  but  thb  does  not  ««lk 
dtiruig  tUe.  b  mamnuls. 

ntraftulk  Vits.—The  i-ulphids  are  only  used  eiteraally,  in  skin  diieosci  (MMkii^i 
■CDC.  etc.)  I  and  sa  paru^illcidn  in  unbiei'  iwilution  of  (be  ikin  and  egg*  o(  uwato>  • 

The  tulphida  b»ve  been  nropo«ed  n»  «n  unlidaU  /nr  kydrmyanu  oeii.  dncc  the^ 
would  fonn  (ulphocyaaids.  wUcn  do  not  have  the  hydrocyanic  add  acilun,    This  l^o^ 
not  been  tested.    It  It  po&slble  that  the  reaction  goes  on  too  ttowly  to  be  of  value. 

PXEPAKATIONS — SVLPHIDS 

Cofcii  SiJphiduv,  Crudum  {Cole  Sulphid.  Cnid.),  U.S.P.;  Calx  Suiflmf«U  {Calx 
Sulphur),  tl.P.i  Crude  Calcium  Suiphia,  Sulphumted  Lime. — A  mixture  coniainirajl 
about  S5  per  cent,  of  CaS.  A  pole  gray  or  >'elloirl»h  powder;  faint  odot  of  hydrogcxi 
nilphid;  nauseous  ulkuline  Imlc.  Very  iilightty  wl.  in  cold  vater;  more  ""^y '^'^ 
in  boiling  walex  uiili  pnTtinl  ilcconi portion;  inwl.  In  ate.  Used  at  dtpflalorr,  Oib0» 
■ith  un  equal  quiLiitily  of  starch  and  mode  into  a  paste.  Internally  it  is  u*ed  igwi** 
boUi  and  other  luppurationi.  Its  efhdency  is  doubtful.  Dett,  0.06  Cm.,  ■  gr.,  ITSI*'  • 
Id  to  da  mi;..  '.^  to  1  |[r.,  B.P. 

VUmingkt't  solution  is  a  solution  of  calcium  polj'sulphidt,  used  in  scabica  (l-'?* 
and  as  a  bath  in  skin  diteascs  (3  drani»  per  gallon). 

/■ol.  SidphurM..  VS.P.;  (Potass.  Sulphur..  B.P.);  Sulphurated  Poiath  (Uvcf  o> 
Sulphur). — A  mixture  composed  chiefly  of  potaMiucn  nol):tulphid>  and  pouoiu'** 
thiosulphatc.  I'rcely  sol.  In  watat  (1  :>),  Used  in  balbs  (jo  toioodm..  1  io6oua(«*> 
per  bath). 

BTDROGBN  SULPHID  (HiS) 

This  gas  is  extremely  toxic,  much  more  i>o  than  i^  commoDly  realiud- 

Actiooa. — These  ore  partly  local  and  irritant,  due  to  its  acid  chantcttr;  and  pwtb'' 
central  somewhat  resemDling  asphyxia.  In  vUre,  it  forms  a  firm  compouikd  (nil{l>~ 
hemoglobb)  witli  the  blood  ftigment.  Thick  layctt  bavc  a  brown  ctilor.  Thin  suif 
aporar  a  dirty  green,  irhich  is  responsible  for  the  postmortem  discoloration.  l.r«iP 
believes  that  the  effects  arc  due  to  the  inlerfeicnce  of  the  compmind  wilb  oxygcnalVia  i 
however,  it  U  generally  believed  that  only  traces  ore  formed  during  life  (£.  M(yrr« 
1898)  and  llinl  the  •vuluhld  b  directly  toalc  to  the  nervous  s^lem. 

Occurrence.— Hydrogen  sulphid  n  formed  in  nutrcfactian.  particularly  of  scwfngt' 
"Sewer  gas"  consists  es»mtia)ly  of  CO,.  NH,.  CM.,  and  1  to  8  per  cmt  of  ll,S.  Saw 
quantitJcs  arc  alw  formed  in  Intestinal  putrefaction,  gi^^ng  rise  to  diarrhea  and  possiUy 
lio  some  of  the  sym[iloms  ol  "intestinal  aulointosiratlon.  It  may  be  rcmovrd  by  IH 
adnunistjntian  of  bismuth  salts,  and  its  further  tomiallun  checked  by  cnihaitirs  and 
intestinal  anilicptics. 

Concentrations  in  the  Respired  Air. — 0.01  per  cent,  prodnot*  symploma,  partkiH 
larlv  irritation  of  the  conjunctiva  and  branchial  mucosa;  o.oj  per  cent.  p<od«ct> 
Mpnyrial  symptoms;  hypeipnea,  nausea,  giddiness,  headache,  cerebral  excitement,  aad 
bully  narcosis;  0.07  per  cent,  nrodum  death  after  about  an  hour  untler  coma,  oIim 
with  runvulsIoDs:  o.i  per  cent,  is  fatal  (o  dogs  in  one  and  one-haU  ninulea.  Tbe  after- 
effects  resemble  those  of  carbon  monoxid.  Ivdcma  oJ  the  lungs  and  pDCumonia  ate 
common  sequels  (Lehmann,  1891). 

U,S  is  partly  excreted  by  the  lungs.    The  urine  it  also  said  to  contain  sulpbhk. 


suipmnt 
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ft  fa  mdfly  detected  to  ait  bjr  iu  odor  mad  by  bhckaiinff  Icwl  or  dlvo^pftptr.    la 

<■•«((  dcMth,  it  nuy  be  Tctaftnia-fl  by  th«  blxJicnidK  of  k  *ut«*  cola  IaJiI  on  ibt  skin. 

flaUor  9ptiat». — llydici^a  rakiUd  b  conuincd  in  :inuU  qiuolily  in  a  number  of 

I  wliwwl  mmlm  (iiUphur  *pRiic>).    xhcM  arc  recommcnilnl  lor  a  variety  of  obrntc 

f  dlMMdtn— rhvuaulbm,  goal,  slabctea,  etc.     Wben  ilie*e  waters  ar«  adntobtend 

Itir  tamr  time  tiMy  CMiue  dtiuviU  and  diaphorcii*,  irritjition  ot  Ibc  uri&arv  paMO(!e«, 

lataiinil  Irrliatlon,  and  muKuUr  imIm.    Thtit  therapeutic  eSects  are  proMlily  to  tx 

Brfecte4ldtlicirlaiAtive,  <liun-ttc  and  dLkphotrlic  •cliooa,  altliouKl)  f^  K*'o<ral  hyRimlc 

two dhllM  tunat  oootrilnitc  largvly  to  Ibc  tiiAiUi,  m  with  oiha  minctnl  witcni  {BMcker, 

SULPHUIt 

UlM. — Sulphur  is  employed  as  a  jiarasitkidc  in  itch;  as  a  mild  cutanc- 

B  irrituit  in  skin  dtwa^eA  (sulphur  oinimetit) ;  and  internally  as  a  laxative 

[tar  wflening  the  sttwK  v^pcrtally  ia  hemorrhoids  (as  Compound  Licorice 

Fonrda,  or  mixed  with  an  vqual  amount  of  Potassium  bitartrate).    Like 

(Okt  Inintinal  irriiaiuit,  sulphur  somewhat  increa»e»  the  elimination  ol 

«rfcid«l  (AW,  1913). 

iSamntr  o(  Attitm. — Sulphur  itself  Is  inactive,  but  by  contact  with 
fotdu  aod  alkalies  it  is  &Iowly  converted  into  the  active  sulphids.  This 
frocoB  b  to  gradual  that  the  action  is  alway<>  mild  and  protracted,  unless 
dwfatdy  dinded  "prccipil«tc<l''  itulphur  is  usc<l.  Ordinary  or  "washed" 
idpbut  therefore  deserves  preference.  Sulphur  is  somewhat  soluble  in 
(Jniacnt  bases,  and  this  facilitalett  its  aclion  (Sabbatani,  1413).  Sulphur 
ii  llio  burned  for  fumigation,  the  disinfectant  action  being  due  to  the 
Ivuiion  of  SO]. 

.  'mwUoii  of  SulpUda.— ThI*  Is  effected  on  tlic  Ma  by  the  ctilaneotu  Mtretion*. 

tdufeocntn  bi  llic  itoiaadii  but  a  eotiiiderKkle  amount  (to  to  r>n  cent.)  h  coo- 

~  tWii  fIvS  in  the  inltatiiK.  u  may  be  rrulily  teen  frutn  the  incm«c<l  wttetlon 
*IM(  by  the  ttrine.  The  convcrxlon  wa*  formerly  referred  to  the  alknlir*  of  Ihc 
«;  iKit  KelTlcr  (1004)  point*  out  thai  the  alkali  etku  as  bkarbonale,  «hkh 
<■■  M  aflect  the  cuaverMon.  He  iilkiwe<l  that  it  h  prnducnl  by  protein*  of  all  Icloili 
wn  «firr  (bcK  are  bolkd}.  Tlic  hviltom  aulphid  Is  formcil  most  khundantly  in 
whiar  isteulBes  (Taeeen,  1911).  (Fraucl,  1911,  daUas  that  the  <flcci»  arc  due  to 
« linatiafi  ot  Mitphltn), 

OMI  SnlptaV'— A  new  modification  of  sulnhur  b  "coHoM  tdution"  nroilucec 
"Btadi  note  rapbtly,  aI»o  on  inlravenoui  in^ectioa;  and  thus  causca  typical  HiS 
(•■"iui  wlUwiut  nthrr  t-i>iNc  efTccU  (^abbatani,  190B,  1913.  1914). 
,  Jlfiicla.— JUilpliur  {>  in  4  prr  cent.)  i*  uMd  in  the  *ri>oTrbcic  form,  a*  aUo  other 
'ihmt  UaBcylk  acid,  1  to  1  [xr  cent.;  mcrcurk  chlorid.  o.i  lo  0,4  per  cent.;  Iwta- 
IftlU,  I  lo  >  pet  cent.;  mloorpin,  0.15  per  eenL;  canlhoridcsi  reaorcin  (i  lo  i  per 
"■L,  Amlon  th»  hair),  'rbctc  agesta  may  be  dtiaolved  in  water,  ^yocrin  or  mis,  or 
4W  M  olaUBenta  (Uoro,  1914). 


PREPASATIONS — SULPHUR 

'Sdtlmf  SMiKMlum  (Sutph.  SuMira.),  U.S.F.;  (Sulphur  Subtim.),  R.P.:  Sublimed 
■J*w  inowrr*  «(  Sulphurl,— A  fiae,  Kntly,  URht  yrflow  powder,  of  tllitht  odor,  and 
■Mvidd  taale.  IntiJ.  in  wata;  nearly  iniol.  In  ale;  lUgdlly  »ul.  ia  lal  solvents  and 
tmmily  toi.  in  railxm  <li<ul(ihid.  For  fumkation,  it  i*  uM  in  ibc  ratio  of  ijiounda 
f<rtMoculiic  (rel.  It  cmliiins  some  free  acid  SJmI  Othet  Imnurltles,  bat  It  Kiffirlentlv 
pv*kr  mnlkinal  am,  «lllK>u£h  the  WaiJicd  ibould  be  preicrred.  It  enter*  bto  all 
Ut  U>.pn|antiocn.  ohUrt  tlMMof  Ibc  U.S.P.  are  made  rrom  U'n<h«d  Sulphur.  Dm*. 
ifift*  I  dram,  U.5.1*.;  1,1 104  Gd.,  lo  totojcr.,  B.P.  Sulphur  also  entcri  bto  Pulirls 
CttTirMw  Co.  (*ee  Imlei). 

*M>hir  tirfirw  (Sulph.  I^L),  U.S.P.;  Washed  Sulphur.— Thbbprtfwed  by  wash* 
kg  Om  pwedin^  with  ammonia  water  to  rcrnove  the  acid,  tis  proTwrtlei  are  tfmilar 
to  Ibr preerdlnjc,  but  il  in  taateleM  and  ndoileu.     Dbic,  4  <:m..  i  dnin,  U.S. I'. 

5«f>ke  pKttifiulvm  (Sulfifa,  I'm  ).  U.S.?.;  (Sulphur  Prav.).  B.P.;  Prcripilated 
talpter  (Uc  Sulpnuifa,  ilSk.  of  SulphurJ.— TUa  t>  omikuoJ  by  predplutbg  •ulpbur- 
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kttd  lime  with  acid.  An  amorphoui  pale  yellow  powder.  It  is  a  much  finer  pomkr 
than  Riililimcil  (ulphui  and  is  ihcrcioic  tntncf  more  ncUvc;  bui  its  do«c  h  ihc  Mine. 

*  i'ngiiftilum  Sulphurii  (Viib.  Sulphur.).  I'.S,!*..  11, P.;  Sulphur  OinlmcDi.— ij  p«r 
cent,  of  tul|>hur,  U.S.)*.;  lo  per  cent.,  B.P.i  in  bcnzoinalctl  Inrd. 

Can/.  Sulphur.,  B.P. — 45  per  cent,  of  Sulphur,  11  per  cent.  «f  PoIam.  Bilarl.  thtt, 
4  to  8  Cm..  6«  to  :  JO  p..  B.P. 

rrocH.  Sulphur.,  B.P. — o.j  Gm.  of  Sulphui. 

ICHTHYOL, 

Vaes. — Peculiar  value  has  been  attributnl  to  tlie  inranplctcly  uxldlaed  mtphui 
occurring  in  organic  compounds.  The  pioneer  product  of  this  kind  is  iehthy^,  vhk' 
contains  lo  per  cent,  of  sulphur  nt  (tiKons,  mrrcaptnnR  nnd  itilphidii.  It  it  weakly  aai 
*cj>lic  and  mildly  irritant.  Taken  intntually.  il  produces  Ka»iru<iutcftlna1  [rritalio 
witli  diarrhtn.  Its  intluence  on  mclaboliim  ii  in  dispute.  It  has  been  mei  totally  taj 
cau.'ic  absorption  of  swellings  and  elTu\iiitis,  in  ti^ntu^toni*.  bums,  etc..  and  ctpcdsUy  In 
gynecologic  piaclicv.  It  hiis  also  piov-en  useful  in  skin  ditcaic-t,  acting  somewhat  like 
iijlphut.  Inlrrnally,  it  hn&  been  cndorwd  ngninit  the  grcaint  variety  of  diaouM  of 
diftcition,  respiration,  gcnito-urinaTy  tract,  tubercuIoMt,  etc  These  claims  bear  the 
Mamo  of  cicai;t'cration. 

lailhyol  Substitutts. — The  diangrcenhic  odor  and  Inite  ot  ichthyol  cannot  bedt»- 
guiMd  hy  llavors,  but  can  he  tcmovoJ  by  co ni I li nation;  Ifhihiilhiii,  a  compound  with 
albumen,  has  been  rtcommrndcd  (or  iiilcmal  adminiMralioni  hAtkyvform,  on  almost 
imolubli-  tompound  with  fonnnldehyd ,  a*  antiseptic  duslin|t  powder. 

The  toninirrcinl  succcm  of  ichthyol  has  led  to  Ihc  sub<^titution  of  a  number  of  »yi«- 
IhrlU  prodiicls,  formed  by  saturating  mineral  oils  with  sulpliur.  ThM  and  TtintKol  are 
the  principal  products  of  this  cinsj.  They  seem  to  have  the  tame  actions  as  ichtb)-ol, 
and  are  tRslcIc«i.  I.insced  oil  taluralf  J  with  sulphur  ha«  long  becQ  uicd  in  domestic 
medicine  under  the  name  of  Harlem  Oil. 

PREPARATIONS — ICUTHYOL 

Jfhlhyal,  N.N'.R.  (Ammonium  Sulpho-ichlhyolate). — A  mixture  prcpaitd  by  ulpb* 
onmg  the  (ar-like  distillate  obtained  ftim  bituminous  shales  found  in  7V<^>  o™  "hidi 
contain  Ihc  fossil  remain*  of  fishes.  A  dark  brown  syrupy  liquid  of  chnracltfltttc 
empyreumalic  odor  and  burning  taste;  of  faintly  acid  reaction.  Misciblr  with  glycer*'  ' 
oil  or  fats;  incompletely  soluble  in  ate.  Insoluble  in  water  (Hottmoiin,  ii>is). 
intcm.illy.o.;  ti>3c,c.  (j  tu  io  minims)  nioMly  in  sinitilr  suspension  in  water,  or  p-^^- 
mint  water,  sometimes  in  the  form  of  pills  or  capiuk-i;  locally,  in  N'acinal.  utcrioe  ' 
rectal  suppositories;  in  o.oC)  to  o.iS  c.c.  (i  to  j  minims)  bougie*  or  1  to  3  per  cenL ) 
lion  for  gonorrheal  Ireatmenl. 

Tk«  compoundi  mid  subslUuUs  are  elescribed  in  N.N.R. 

THIOSIHAMin 

Vus. — This  is  allyl-sulphocarbamid.  prepared  by  beating  volatile  oU  of  mviUrd 
(allvl  thiocynnnte)  rnlh  alcoholic  solution  of  ammonia.  It  nas  introduced  by  Kebtk 
anil  Unna,  iNi^i,  and  bus  been  credited  with  causing  Uic  absorption  of  emdain,  lym- 

ehalic  swellinRs,  scar-lissue.  clc;  and  wilh  the  cure  w  lupus.  The  administration  must 
E  continued  lor  weeks,  and  combined  with  maMage  ana  other  adjuvant  measures.  It 
h  therefore  difticult  to  juiIbc  whether  it  has  any  value-  The  clinical  opinions  are  coi»- 
tretUctury.  and  no  sallsfaclur)-  explanation  has  been  offered  for  ita  reputed  eflects.  tt 
probably  docs  little,  ii  any  good,  nnd  it  mny  produce  toxic  systemic  eflects.  allfaougb  it 
U  BSiially  well  borne,  except  for  ihc  bitter  laile  and  garlic  eructaiions. 

7*0x11;  Effects. — In  man,  i  Cm.,  or  o.z  Gm.  on  repealed  u»c,  have  caused  headacbe, 
nausea,  vomiting,  lassitude  and  fe\-er  (J.A.M.A.,  $6  :  1^,15,  1911;  Charteris.  t9io;St)(ett, 
Nelwnwirk,,  iQis,  p.  i"')-  These  mny  nel  in  suddenly  after  it  ha*  been  used  for  a  time 
uneventfully.  In  animals,  TjTode,  ig  10.  found  impaired  respiration,  eventually  <e»u- 
tlni,and  death;  so mc limes  pulrnonarj-  cdcmaand  hyperemia  [XjnEc,  tSt)i).  The  circu- 
lation i«  not  adected  in  niiimmals,  but  high  concentrations  paralvte  the  Irog'i  hca.rt. 
Smaller  do^s  produce  severe  changes  in  melabotism,  wilh  luM  of  nllrogm  and  RpU 
eimtdation;  and  fatty  degenerations  of  porcnchymatous  organs,  eapecioUy  the  hnit 
and  kidneys.    Normal  connective  tissue  showed  no  chaogca. 


CAUSTIC  Acnw 


131 


Glkv  Allyt  Cemt^inlt. — AUyl  a«<ic  acM,  a)lyl  urea  and  ilimvlhylaltyUmin  are 
I  IwllffcKnt;  allj"!  iouid  b  itioogly  iniluit:  otlyl  lotnuic  produces  iKcroti*  of  the  liver 
[•ad  kidoT)'*;  allyl  am!ci  li  bixlily  toxic.    Hie  cflKUaro  d««CTlbr<I  by  Piasza,  191  j. 


FREFARATIONS — TUIOSINAMIN 

I        r**Mi«*»iiM.N.N.R.;Thi<»lnaBilnc;{NH,)  C&NHCIIr  CH:CH,.— Colorle»ery». 

I»k>  ol  tftghl  garlic  odor  and  tiUtct  tiute-    Slightly  sol.  in  water,  with  decompoHtion; 

1  i11iT~''~"  in  ale.  or  glyc.     The  oral  dam  U  o.oj  la  o.i  (im.  in  CApsutn.     Il  b  iibimJIv 

I  aidminiFtiTridby  hypodcnnSc  Injection  (which  ncvd  not  be  made  at  the  site  ol  (be  IcfiOB), 

■  todrry  iMrd  Hay,  0,05  loo.j  Gro.,  in  ij  per  cent,  alcohol  or  10  percent.  Klycnln. 

I  iW  tolvenii  produce  local  iirllulioo./'Virolyifii  maybeiubttilutM  (Mendel,  ipo;). 

.  itnlriin,  NX.R.  (I.io.  ThioMnam.  Sodio^icytatis).— 15  per  cent,  o(  a  double 

l«f  ihualnamin  and  sod.  ulicyl.    Dau,  a  a  c.c,  vial.  corraiiMiidliiK  to  0,1  Cm.  of 

CAVSnC  ACIDS 

HolMn.— The  t&o&t  typical  acids  in  regard  10  the  local  actjon  «re  ttitflmrk  and 
Ijylnakrk  mU.  Xiirk  acid  produces  (he  same  ellecU,  bu(  dlQen  lion  ucm  In  Els 
mcofc  action,  prodadu  xanthoproteic  acid  (ram  the  prolnnst.  The  tulplhirptu  aeti 
■a*  tlM  a  narked  cnnodve  powei.  Hydtafiu«ri<  mid  haf^  a  »pecilic  toilc  action,  peii»- 
MciTtry  dc«ply  in  fiilue  of  its  volatility,  and  is  especially  strongly  cnrroiive,  pro- 
oadag  obttlnalc  nkcrs.  I(s  inhalaUon  Irom  air  containing  0,01  per  cent,  produce* 
■Rite  tatanhal  Irritation.  (K  the  argeiik  iinVi,  thou  of  the  fatty  wries  act  sunilariy, 
■It  are  vtalrr.  The  trkU«r-airli<  add  is  the  mo«(  corroftlv*  of  these.  The  vo)aiili(y 
<•  (MUof  tbc  fatty  acid*  nakes  them  more  penetrating  than  the  mineral  adds.  Oxalic 
*U  nctnpie*  a  puce  1^  itacif  on  account  of  i(»  ipecUic  toxic  action,  produced  probakly 
tt  the  pncipltatioa  ot  the  caldam. 

Vu  ivmf&und  oeUj-'-~iw:h  as  ethyWulpburic.  etc.— act  tike  organic  acidt.  The 
'■■  tiiii  Kt  partly  a*  OtJtb,  bu(  this  action  is  greatly  obscured  by  (heir  collapae 

Ht  irritant  action  ol  (hr  adda  i«  al»o  tttanxl  to  aome  extent  by  the  ittU  titlii,  add 
lutnia,  add  Mtphates,  e(c. 

Um»tT  vf  AelUn. — Thi»  vaiict  to  «imc  citem  wilh  the  ronaiitnrnt*  of  the  lisAio. 
''■Wthe  Khole,  il  conjisl».  wilh  cone  en  I  rated  ailds.  iii  iiithdtaiiui  oi  ualciL  in  the 
Hllni  o(  add  alburoinsi  in  softening  of  die  connective  (issue  and  epillivltiuui  and 
iVtdd  litualioas  in  solutioB  ol  calcarcout  natcrial. 

^nOlkccoocentrotedaddahavcanBlliiutylor  water,  and  withdraw  this  from  the  cells, 
tiffinlty  if  m  Urong  in  the  case  of  concenlroled  HiSOi  that  nut  only  the  formed 
ititrilhdnirD  from  (he  tiMtief.,  1>u(  ihcelrmeni*  11  and  O  arc  tplit  oCf  from  their 
ijc  CMbinntiona  with  carbon,  leading  to  tarboiiiiation. 

U  adds  con\'er(  pfi^flnt  inio  acid -albumins,  which  ore  insoluble  in  moderatdy 
~".k«i(  soluble  in  con»n(raled  or  vcr^  weak  acidl.    Upon  (bb  predpilation  of 

M  depends  their  astringent  ind  9t>plic  actioii. 
.  rtetUBweihr  tittvf  underjcoi-s  a  rnlhci  peculiar  iJiange.  1(  is  not  dlMolved,  but 
*y*M'd  and  rendered  more  soluble  in  boilinK  watn-  (This  explains  why  meat  be- 
_ '■a  aMI  tender  on  keeping.)  The  ci>n>:vQtratrd  a(i<l»  hast-  a  sbitlar  effect  upon 
yy»w.  Without  actunllv  dLuolviuit  it,  ibcy  soften  it  in  such  a  mannet  that  ft  la 
""■ydrlachwl.     Uflule  aciils,  on  the  other  hand,  harden  it. 

Poiioning  by  Concentrated  Acids. — ThU  presents  ihe  usual  phenomena 
"nuHit  paiwning.  1ti<cxlremdy[>ainful.  The "coffc«-ground*"' vomit 
Bthwcieristic.  Scar  formation  aod  stenosis  arc  freouent.'  The  prog- 
*°*»nd  toxic  dose  dqwiul  upon  the  concentration,  and  the  parts  affected. 
Thf  'rwiment  ha.i  bevn  discussi-d.    Sulphuric  acid  ptjisontng  is  the  most 

Coatfamed  exposure  to  the  vapors  of  acids,  such  as  occurs  in  certain 
**»*»,  gives  rise  lo  chronic  bronchitis.  They  al.so  attack  the  teeth 
•odErom  these  the  necrosis  may  spread  to  the  jaw,  as  with  phosphorus. 

,  P*ta.— Becatwe  of  Ihc  intense  pain,  deep  penc(ra(ion  and  extensiicscar  formatioa, 
tam  m  im  desirable  cauirtiunls.    Xitrif  and   iri-fhl^r-atrtk  acid  lonn  rclaltveljr 
Snm  cachan,  w  iba(  Ibtir  action  is  more  i-ircumscribed  and  less  painful.    Snl^nme 
•  Sm  t.  HsCBaBi'i  Allu  of  Lcvsl  Midkine,  Ptila  jj,  u.  M.  i*  ■"■!  it- 
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acid  hu  bem  made  Into  s,  pastt  wtlJi  various  inert  i^omlctv  (charcokt,  u'vdusi,  ImiI 
■ulphNte.  etc.)  to  localize  its  at'lioti.  but  h  stJI!  painful  and  iliflicull  (o  conttplflSiK)', 
lOij).  IjKlir  acid  hns  n  telativcly  mild  acllou  on  noraiol  liASUrs.  Cknmic  aeU  I 
cauic  poisonini!  wlicn  ustd  as  !i  inuslic. 

Antiseptic  Action. — TItv  dc]<tniciii>n  of  firoti'ins  niftko  acids  cf&dcnt  antb 
Even  ([uilu  (lituic  solutions,  Eudi  hs  Ihe  ga«ttic  juice,  iiufficc  to  limit  the  growth  of*! 
terii.    T^c  concentrated  acid&  destroy  them  outright. 


PREPABATIONS — CAUSTIC  ACIDS 

Acidum  HydroeklmUum  (Add,  Ilydrociilor.).  U.S.P.,  B.P.;  Hydrochloric  Add 
(Murialic  Acid). — About  ji  per  cent,  of  HCI.  Colortcw,  fuininR  liquid.  Puntteni 
odor.  The  commffcial  aeid  (strength =,jo  per  cent,  to  ji  percent.)  huaguldcn  yelloir 
color  due  to  Fc  and  free  CI.  Since  it  often  containi  Ax,  it  should  not  be  UMd  in 
interact  medicine. 

Acidutn  Ladicum  (Acid.  Lact.),  U.S.P.,  B-P.;  Lactic  Add. — .A  lltiuid  conlainitis 
Iridic  Afii.l  (optically  inactive  alphnhyflro»>T'«)picinir  ncid,  CHiCHOH.COOH)«iia 
lactic  Hnhydrldes,  A  colorless,  or  ^li^tly  yelluw.  !i)-nipy  liquid,  nearly  odoilcM,  acid 
tiute,  absorbing  moisture  on  exposure  to  air.  Klisctble  nilh  water,  nic.  or  ether. 
DiiK,  3  C.C-,  io  minims,  U.S.P.;  i  to  a  c-c,  30  lo  60  minima.  B.P,  Uswi  as  caustic, 
especially  for  dissotving  diph  III  critic  in«inhraii». 

'  Acidum  NUrUum  (Acid.  Nit.),  U.S. P..  B.P.;  Nitric  Acirf.— About  ;o  pet  ernt.  o( 
HNOa,  Fuming  lii|uid,  very  caustic  and  currfmivc.  Peculiar  »unic»)ial  suSocalinf 
wlor,  Used  as  a  caustic  for  wrnrls  (glass  (od'i;ogain.il  hyperhydrosisoffeet  (1  to  jounces 
to  pott  of  water):  iis  disinfectant  Inill  corrode  metal  vcwcU  or  pipei). 

Commrrdiii  nitric  mid  contains  abuul  001064  pcrceol.;  the  "/«infnj>"acld  IsalBoaCl 
absolute  HNOi.  saturated  with  NO,.  ' 

Acid.  Nitrahydrochl.,  U.S. P.;  Nitrohvdrorhlotic  arid  (Nitromuriatic  add.  Aqua 
Regia). — A  strong  solution  containing  liydrocliloric  acid,  nitric  add,  nit  rosvlclilorid  and 
chlorin.  Made  by  miiing  18  c.c,  of  nitric  ncid  with  81  c.t.  of  hydrochloric  acid.  A 
^Idcn-yellow,  fuming,  and  very  corrosive  li(|iiiii;  itrong  odor  of  chlorine.  Dint,  o.a 
C.c,  3  minims,  U.S.P,,  diluted. 

Acid.  Nitrahydroihl.  DU,,  U.S. P.^*Ki trie  acid,  10  c.c;  Hydrochloric  add,  45.5  c.c,; 
Water,  104. J  c.c.     Colurlcs.H  or  uale  yellowish  liuuid.     Faitil  odor  of  chlorine,     IU*r^ 
■  c-c,  15  minims.  U.S.I'.,  diluted.     On  account  of  the  free  chlorin,  il  may  be  suppcoed  . 
to  have  a  ntronEcr  local  irritant  action  than  IICI.     It  i<  popukrlv  luppoied  to  "«tiiiui*  ' 
late  the  liver,"  but  itb  action  dues  not  <IIl!cr  in  kind  Itoni  Iliat  of  other  adds. 

Acid.  Nilro-hydiochl.  DU.,  B.P.— Nitrk  acid.  *4  c.c.-,  Hydfochloiic  add,  j»  c*.; 
Wa[*T,  100  c.c;  kept  fourteen  day*  before  uk.  Don,  0.31  to  i.i  cc,  5  lo  jo  mininu, 
B.P.,  diluted. 

Actdiim  Osmicum.  Osmic  Acid.  CHO(.-~ Intraneural  injections  arc  UHtl  to  produce 
deKCaeration  of  nerves  for  the  relief  of  persistent  neuralgias  (Billroth  and  ficuher, 
tSSj).  The  ireattnent  i'  best  applied  by  injecting  )^i  to  1  c.c.  of  a  fresh  i  to  i  per  cent, 
solution  directly  into  the.  preferably  exposed,  ncrv-e.  The  result  ii  tometlnKS  Immr- 
dlale,  but  more  commonly  it  is  not  complete  until  alter  one  or  two  «-e«k».  or  h  ma^ 
even  ftui  entirely.  If  successful,  the  cITccls  ncrsittat  Ica^t  for  weral  montht,  vheti  it 
nay  become  nccenMry  to  repeat  tlie  injection.  They  are  rarely  if  ever  petmanent. 
Tlie  local  reaction  it  alwiys  painful  but  not  icrioui.  It  'u.  probably  not  advisable  to 
use  oimic  ncid  in  the  presence  of  renal  disease  (Eastman,  IQ06). 

A<i4.  Suipkurifum  (Acid.  Sulph.).  U.S  I'..  B.P.;  Sulphuric  Add. — About  os  percent, 
of  H|SU(.  An  oily,  colorlras  liquid,  acquiring  a  brown  color  if  exposed  lo  duit.  Very 
intenidy  corroiive,  charring  organic  ^ub^la□cc».  ftliscible  In  all  proportion*  with 
water  or  ale.  u'llh  the  evolution  of  much  heat.  (Such  mixinic  must  be  done  ^-fty  cau- 
tiously by  slowly  pouring  the  acid  into  tht  water,  Under  constant  stirring.)  The  Com- 
mercinl  Sulpburif  Acid  (Oil  ol  Vitriol)  is  very  apt  to  contain  arsenic,  and  should  not  be 
employed  in  mediiiue. 

Addum  Trichloractlicum  (Acid.  Tricliiotacet.).  CS.P.;  Trichloracetic  Acid. — A 
monobasic  org.inic  add,  CCIiCOOH,  Colorlcu,  deliquescent  ctvstaU,  ha%-ing  a 
slight,  characi eristic  udur.  Very  sol,  in  water  or  ale.  Used  in  suhatancc  or  sttoitg 
solution,  especially  against  warts,  Icsa  painful  than  nitric  add, 

DILUTE  ACmS 

Local  Effects. — Dilute  acids  produce  a  mild  irritation,  and  at  the  wutw  time  hatden 
the  rpilhelium,  without  dntroying  it.  They  diJIet  Irom  Ihe  volatile  otKUUc  Imiaatt 
in  that  they  do  nut  penetrate  so  deeply,  and  chj  not  cause  nephritis. 
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Ikey  mar  be  u»ed  b  ibc  form  of  bpihs,  in  Ihc  xircngth  of  about  ^|o  c.c.  (t  ounce)  <■( 

ated  ocirf  t»  the  balh  fjO  gollanf).     Oi  ihry  DtBy^  be  applud  as  lotjoas.     In 

'  Ihr  volitiU  acid]  an-  prcfcrrrd,  b«au»t  Ihcix  •cUon  i«  owpei.     >orm!c  •cld 

'.  trputaUon.    It  b  uwd  in  the  strength  of  about  4  per  cent,  or  $  pet  cent. 

b  nhnuhtioii  ol  the  tkin  without  dmtracUon  ot  tindcrmis  a  uamI  to  iocceaw  the 
«f  iwcati  and  ackU,  umully  in  the  form  of  \'in<«>r.  are  tbetefore  u*mI  (or 
,.  Iq  lever.    On  this  acc«unl  they  have  re<clveil  tnc  name  of  "  rcfriKcranla." 
E  oibrr  band,  tbey  ar«  uxd  in  eKoaivc  vcr«tion  of  awcat  (iwcaibg  lect)  to  harden 
the  e-pidcfsik.    For  Dib  purnoK  5  or  10  c.r.  of  cottctntratcd  hydnxMoric  add  are  put 
.  in  n   liMla  of  water  and  ibc  Icct  jHaoed  is  th(t  untU  they  become  painful.    ThU  fet  done 

■IriuI  twice  a  week. 
^^  'riw  irritant  action  oi  the  volatOc  acid^  i*  Mimriimc*  employed  to  produce  leQex 
^^bnulatbn  of  tbe  central  nervou*  system  by  inhalloK  vinexai,  etc. 
^M  ^cUnm  F«rmkum.— Formic  JdJ,  HCO,II. 


THE  BALOmS 


Tfane  coinprtte  irtmim,  Mln,  dbrin.  and  the  kypotUotUts. 

Their  corrodvc  action  Is  determined  by  IhHr  entering  >-ery  taiUy  into  chemic  r«ac- 

~i  «4th  oil  kinds  tA  organic  lubslancei,  taking  from  them  hydrogen  and  forming 

rcriiramic,  hydroditoric.  and  hydriodlc  add*,  which  have  the  ordinary  a<id  actions, 
dialer  iapmeat  they  Mt  free  oxj-gen  U  the  (om  of  ozone,  by  cunibtning  with  Iho 
Inatn  of  the  water;  Ihii  ii  nlM  a  strong  irritant.    The  halogens  furlhcmiore  enter 

Whr  hito  the  protdn  tnolctule. 

CUuiii  U  diacuaMd  under  the  dUlufcctanU. 

lODUf 

Umk. — The  tincture  or  solution,  )!«intcd  on  the  skin,  produces  a  mild 
•*ll  deep  and  persistent  irritation  which  can  he  easily  graduated  bv  stic- 
*p"ive  applications.  This  irritulion  is  usc<l  to  secure  the  correction  of 
^'Uuilc  taflamma lions  and  the  absoqition  of  inflammatory  exudates 
^pleura,  jcnnts,  etc.);  also  as  an  antiseptic;  and  formerly  for  securing  ad- 
^■c&Ivc  inflammation  of  serous  cavities  and  cysts.  The  internal  uses  are 
fiscuMcd  under  "Jodids." 

AnlUtpHc  Adiou. — This  is  used  especially  for  disinfecting  wounds,  and 
W  preparing  the  Kkin  fur  ojieraiions  (Woodburg,  1907).    For  the  latter 
pirjNMe.  the  offidal  tincture  is  painted  over  the  opcmtive  field  chi  the  pre- 
day,  and  again  just  before  operating.    The  action  b  attributed 
:  formation  ofantiMptic  compoundn  with  the  tissues  (Schumacher, 
.,    Bacterial    tests   from   Ihc  skin   have   given  equivocal    re»ilts; 
wkally,  the  results  are  excellent,  even  dirty  wounds  healing  rapidly, 
^ipctimental  results  with  infected  wounds  were  also  good,  the  iodin  )>cing 
•Ktivc  within  five  hours  after  infection,  i.e.,  until  the  bacteria  have 
Vnd  loo  deeply  (Brunner.  191 5).    The  stain  may  be  removed  by  warm 
'*Ktatntcd  solution  of  sodium  thiosulpbatc  (Snoy,  1911).    Sometimes 
weii severe  irritation  (Herzog,  1914). 

.      l*nmnMnieiM.~-Applkd  to  the  il^in  iodtn  produce*  a  mahogany  color,  «nnrting, 

|^l|tttBatoua  indanunalioR,  infiltration  of  lubculaneoua  tissue,  detquamation  of  the 

LVwnk  la  larce  ihred*;  LI  repeated,  vokatioa  reeulta.    The  eSects  on  mocout 

a  arc  niore  aevere  and  may  produce  contxaon.    It*  action  Ik  chemical.  Mnce 

ale*  protrtna  aa  taally  diiaociaicd  compounds.    It  Is  abtoibed  from  the  tJcin 

[na£ly,  and  cjicicted  mainly  in  the  utinc  as  iodid. 

inrBaataaCouat«rirrluuit.—Iodln<MiH-<le(.pcciallyinchfanlc pleural  dluiiona, 

ihnanaliam,  diwavd  ioanii.  enlarged  lymph  iclandt,  lymphan^tfa,  cic.    It  has 


I  amployed  in  ervMpriafc.  pointing  the  liaciure  from  the  periphery  toward  the 
[Kw  or  SK  tines  daily  (Pcrrari,  ivitlibut  Wood  wanu  that  ihcaet* 
I  *ctx  niUlyi  or  it  will  ptwduce  exteaaive  neomb. 
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Injectlonslntocysts.hydroM'V,  empyema,  etc..  pr<»duccA<  first  mcmKof  iheflttid, 
then  udhL'^Ls'V  iiiQummatiun.  Th«  iaJFttiniis  arc  very  iiamful,  und  have  oltcn  CAlnoJ 
Nxious  tHiisuriing.     'Ihfv  arc  now  disjilaccd  by  iurgicnl  [irorcijurr^. 

Toxic  rif all  from  iodin  absarpiUiti  fii^m  eysli  canuntia  cynnosi*.  salivation,  v-omiting. 
dcin  orupiioos,  hiich  fi-vcr.  and  collapM;.  The  urine  k  scanty  and  slbumioou*.  Tbe 
into^iication  may  persist  for  several  days  and  then  end  vrith  sudden  iltnlh. 

The  toxic  effects  of  swallowing  iodin  arc  succcssivdy:  ga»lric  uncari- 

nes,s;  disagrufablt;  metallic  tasic;  violent  vomitins;  abdominal  pain;  and 
sometimes  purging.  The  vomit  has  the  color  of  iodin,  or  \i  blue  if  starch 
is  present. 

The  fatal  dose  corresponds  to  about  a  or  3  flm.;  but  recovery  i*  uid  to  have  OMruncd 
alter  10  Gm. 

The  treatment  of  iodin  poisoning  consists  in  evacuation;  demulcents 
(e(;gs,  milk,  oils,  and  cooked  flour  or  starch,  which  form  loose  compounds 
with  iodin);  dilute  alkalies  (NaHCOi);  and  5  per  cent,  sodium  ihiosul- 
phaie  ("Hypo").  The  last  binds  the  iodin:  aNajSiOj  4-  al  =  aNal  4- 
NajStOd  (SabbaUni,  tgij).    The  further  treatment  would  be  symptomatic. 

Cirdilation. — Perfusion  of  excised  frog  limits  with  dilute  iodin  sotutiont  |irodiicc* 
trrcKularitics,  followed  hiy  depression.  Strtinjjcr  solutions  result  In  diastobc  uml. 
Intravenously,  it  depresses  tne  drculdlioD  greatly  in  cats,  not  in  dogs  (Salant  and 
Uvinsston.  i(}i6). 

Torii  Eftcl  in  Mammals. — Boehm,  1S76,  found  thai  the  intravenous  infection  of 
0.04  Gm.  per  Kfi.  is  fatal.  Symptoms  5Ct  in  only  after  6  or  S  hours,  with  cxhauttion, 
dyspnea,  and  deatli  in  ■  1  to  14  lioun.  Nf  i-rop^y  shows  bloody  pulmonary  and  pleural 
exudate  and  retuil  congestion  and  hemorrhages. 


PK  EPAR  ATIONS —IODIN 

lodum,  U.S.P.,  B.P.;  lodin^  t.  Bluieli  blark,  friable  srilef,,  of  distinctive  odor  and 
acrid  taste.  Very  slightly  sol.  in  water  (1  :  igjoJiM)!.  in  ak  (i  :  ii.5).or  glyc.  (1  :  So); 
freely  sol.  in  (at  solvents  or  aqueous  solutions  of  iodids.  Dose,  5  rog.,  ^I'j  gr.,  U.S.I*., 
ililutedi  maximal,  jo  n)g„  1^  gr. 

*  Tr.  Ivdi,  U.S. P.;  Tincture  of  Iodine. — 7  per  cent,  iodin;  5  Pf'  cent.  KI;  in  afc, 
Dote,^  0.1  c.c,  t^i  Eninims,  U.S.P..  diluted;  maximal,  o.j  c.c.  5  minims.  The  Rl  in 
the  tincture  mslces  It  miscible  with  water  and  Insures  ajcainst  Iom  of  strertBlh  od  kee^iiitg 
{W«llM»lrocn.  190S).  (When  iodin  is  administered  in  milk,  it  is  largely  converted  into 
iodidand  albuminalrs), 

'The  principal  iiuompatsbililits  of  iodin  arc:  alkaloids;  alkalies  and  carbonatnj 
tumim  (urpeatine  and   volatile  oils. 

•  Tr.  todi  Fort.,  B.P. — 10  per  cent.  Iodin,  6  per  cent.  Kl. 

Tt.  JodI  MU..  B.P.— j-s  iodic,  j.j  per  cent.  KI,  DoiV,  0,1*  to  o.j  cc,  s  to  j 
Rkiainis,  B.P..  diluted. 

Liq.lodiCo.,  U.S.  P.  (Lugol's  Solution). — 5  per  cent,  iodin.  10  per  cent.  KI,  in  water. 
Doit.  a.i  cc.  }  minims,  U.S.P,.  diluted. 

Vng.  lodi,  U.S.P.,  B.P.~4  per  cent,  each  of  Iodin  and  K.I,  in  laid  bate. 


BROMIN 

This  15  a  reddish  brown,  very  volatile  and  intensely  corrosive  liquid.  Only  a  few 
instances  of  swaUoninR  bromin  ue  rccardrd.  In  one  of  these  (Sitcll,  1850),  death  oc- 
curred seven  and  unv-half  houn  after  tnking  an  ounce.  The  antidotes  would  be  e|t^ 
and  jtufth. 

Inhalation  of  bromin  vapors  is  very  iirilnni  to  the  respirator}- organs,  t :  t.ooo^ooo 
of  air  is  already  disagreeable;  10 :  1.000,000  Is  said  to  be  dangerous. 

THE  tOCAl,  ACTIONS  OF  METALUC  SALTS 

Uechanlun  of  Action.— Metallic  uilts  combine  with  proteins  to  form  more  or  LeM 
diiScuUly  soluble  compounds  containing  varyinK  amounts  of  the  mct*l  and  protnna. 


METALtlC  SAtTC 
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The  acid  o(  Ihe  metaUic  salt  b  tints  «et  tree.  If,  (or  iiuiUnct,  a  solutioB  of  ferric  chlorid 
U  vided  to  «Kg-«lbuincn,  Ihc  rr«ult  h  an  album!  nntc  o(  iron,  and  five  hydrocliloric  ucld. 
Tti*  frrc  iicidwill  <a«rl  ils  own  imlanl  aclion. 

The  !ocaleffci:biofmctnl!ics«lu,  therefore,  rc«l  on  twofnctons:  thcprMipiUntartiiin 
vi  the  lucUl,  nnd  the  irrliant  actiuii  of  th«  likicralcd  acid.  Both  Inllurnce  the  lotal 
rllecl, 

ConosiTe  and  Axtcingcnt  Uetallic  SaltB. — Somcol  thcmctjilalbiiminntr&nrralmosl 
tnwjubic  in  water;  some  are  soluble  in  cxtt'ss  <i(  protei/i.  njH'tially  whrn  ueulrat  Mtlti 
ate  (MaCDt;  others  are  nol.     It  the  prcd|>iiatc  ii  soluble,  there  U  no  obitacle  lo  the 

Kikelndon  of  the  mrlAl.  and  its  ntliiin,  irrilnnt  or  cauMic,  U  deep,  1(.  on  Ibr  olbrr 
ndi  tbe  pt«clpllatc  U  iiuolubic,  aa  in  [hr  ca^e  of  Ivad  tmlti.  penclralion  tan  out  take 
place;  ibe  irritation  a  coofincd  to  the  surface,  and  an  aitringent  action  rc«u!ti.  In 
regard  to  this  tbc  mctab  stand  in  about  the  fnllowinit  ordi'c:  Tlic  mn«t  iistriiiitcnl  Is 
lead;  then  comes  aluminum;  thm  iron;  then  zinc,  copppr.  liK'cr,  and  tin.  which  aland 
about  on  a  level;  the  moit  cau.'tir  1'  mrrcuty.  As  to  Ihc  Klierated  acid*,  the  hlrongcKt 
cauuic  action  appears  in  hydrixhloric  acid;  Clien  comes  niltic  add;  then  sulphuric; 
then  phosphoric;  the  weakest  ol  all  ate  t!ie  organic  acids^ncvlic.  citric,  and  tartaric. 

It)*  proper  combination,  then,  between  the  mctaU  and  the  Bcidt,  one  may  obtain 
aaygnuk  of  acilon  from  pure  cuutllc  to  pure  aitrinjtcnt. 

Ine  moat  typical  caustic  would  be  mcreurii:  chlurid,  the  mort  tyjucnl  utringent, 
lead  acetate. 

The  MTcncth  of  action  will,  of  course,  also  depend  upon  the  concenlmlion  in  which 
tbe  salt  is  usnl,  and  this  is  often  limited  by  its  solubility.  The  chlorid  of  silver  would, 
tbcoretkaUy,  be  a  stronger  caustic  than  the  nitrate,  but  tincc  it  is  not  soluble,  it  can  not 
be  UM<d,ln  the  Mime  concent  rvi  I  ion. 

It  must  not  be  foraotlcn  that  the  irritant  action,  the  astringent  action,  and  the 
f^Tlf^'*'  action,  arc  merely  degrees  of  the  lutmc  proccts.  The  atlnngcnl  action  always 
pTHOdN  the  caustic  hcHud;  and.  conM'(|urn1ly.  by  ptopcr  dilution,  'nic  mny  obtain 
•kttioficnt  effects  from  silts  which  are  ordinarily  purely  caustic  Forinsunce.  jil\-er 
nitrate  can  be  m  grailunlcii  in  sir<rtigth  as  to  have  a  purely  astringent  action,  niihout 
any  caustic  efftel  whatever. 

It  is.  Ihcieforc,  impios^ible  to  establish  ajierfectly  definite  dnjaification  belwecn  the 
metallic  wlt^    An  approximation  to  it  Is  given  in  the  following  table; 

Mainly  Caustic:  All  IIk  salts;  ZnCU;  SnCU;  SbCl,;  tartar  emetic;  CuSO.. 
Both  Caustic  and  .\Miiitgcnt:  Fc  talts;  ZnSO,,  ZnAc,*;  Cu.\c,;  .^gNOi; 

I'b(NO,),;  Pbl,. 
Uainly  Astrinsenl:  Alum;  PhAci;  PbtOAci;  ZnO.    Bi  aubnitrate;  white 

precipitate. 

Tkt  Caustic  Action  0/  MetaUk  Sallt. — This  was  formerly  used  quite  extrauvcly,  but 
U  ha*  DOW  been  largely  abandoned.  &lo«t  arc  not  sulEdenlly  [lowerful  for  thin  purpOM; 
ollier«,  aieain.  ate  too  loiiic.  bcinjt  absorbed  in  nudicicnl  nmouril  lo  produce  polsociog. 
To  the  laller  dasa  belonc  arsenic,  antimony,  and  mercury.  Zinc  chlorid  and  antimony 
chlorid  (Huitrr  of  .\niimony)  ate  very  acti\'e  caustics,  but  rather  too  diffluent.  Their 
•cab U so  soft  Ihat  their  action  cannol  be  kepi  within  bounds.  In  fact,ofaIltlie  metallic 
cuutio,  silver  nitrate  in  the  form  of  sticks  (Lunar  Caustic),  and  to  a  less  extent  copper 
lolpbale,  arc  alone  usrd  10  produce  a  purely  caustic  action.  ArsenU,  were  it  not  for 
Its  toxidiy.  would  be  a  very  useful  corroave.  Its  actinn  is  so  slow  that  it  can  be  \rry 
readily  limited.  It  wu  believed  to  destroy  only  pniholosic  formations,  leaving  healthy 
lisHie  intact.  This  would  be  easily  understooil,  Irorn  the  tact  that  the  former  arc 
■aoch  ks*  italic.  Sihrr  nitrate  is  also  quite  cn-iil)'  controlled,  since  its  action  may  be 
•topped  at  onre  by  wnshinR  with  NaCI,  which  converts  it  into  AgCTI. 

Astringent  Efficiency. — The  most  actively  ast nngcnl  met  aliic salt,  lead 
uxUte,  tan  not  be  UMt-d  Internally,  nor  for  any  length  of  time  externally,  on 
account  of  the  danger  of  chronic  poi-^onitig.  Next  in  activity  comes  alum, 
tnd  enKcially  the  burnt  alum  (alum  which  has  been  roiulcd,  so  as  to  de- 
prive It  (A  its  water  of  crj-stallization,  and  which  therefore  acta  not  only 
*»  a  nwlallic  astringent,  but  mechanically  by  withdrawing  water).  Next 
loalimi,  come  the  soluble  zinc  salt*,  the  sulphate,  Ihc  acetate,  and  the 
adptiocarbolate.  Then,  after  these,  insoluble  zinc  salts,  oxid  and  car- 
MUtc.    Of  other  insoluble  metiUHc  5.alls  the  subnitrate  of  bismuth  and 

•  Ac  -  AnlBic 
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the  oxalate  of  cerium  arc  most  commonly  used.  Then  come  the  caustic 
iialfci  in  proper  dilution.  Tlie  most  imptirlanl  Is  silver  nUrftte.  Then 
the  iron  salts  in  dilute  solution;  iron  sulphate,  about  5  per  cent.;  ferric 
chlorid,  about  3  per  cent. 

In  actual  use,  these  different  astringents  arc  frequently  combined. 
Wiether  this  has  any  advantage  is  somewhat  diflicult  to  say.  Better 
results  could  perhaps  be  secured  by  using  only  one  astringent,  since  its 
action  could  be  much  more  exactly  con  trolled . 

Therapeutic  Applications. — For  use  on  open  -wounds,  ulcers,  obseeaea, 
etc..  for  ifie  astringcncy  and  a  mild  nutritive  stimidation  leading  to  repair, 
silver  nitrate  is  the  most  useful.  Next  to  this,  the  soluble  zinc  salts;  then 
alum.  They  are  used  in  strengths  of  from  '  3  per  cent,  to  5  per  tent.  The 
insoluble  astringents  may  be  used  as  dusiiiig-jiowders,  or  in  the  form  of 
ointment-"; — S  per  cent,  to  so  per  cent.  It  must  not  be  forgotlen  ihatj 
absorption  is  fairly  free  from  open  surfaces,  and  calomel,  bismuth,  lead, 
etc,  must  be  used  with  caution.  /Inc  uxid  is  quile  .^a[e,  and  is  one  of  the 
most  useful. 

The  mucous  membranrs  which  are  easily  accessible  to  the  local  action 
of  astringents  are  those  of  the  mouth,  conjunctiva,  nose,  gen i to- urinary 
tract,  and  rectum.  The  same  salts  as  in  the  case  of  open  wounds  can  bis 
used,  as  also  tannin.  They  arc  employwl  in  Komcwh.^t  weaker  solution, 
as  gargles,  washes  or  injections.  The  usual  strength  is  from  }i  to  i  per 
cent.  For  vagina  or  rectum,  double  this;  In  the  conjunctiva  and  nose,j 
perhaps  one-fourth  of  this.  The  strength,  as  with  all  local  medication,  must  ^ 
be  adjusted  to  the  anatomic  peculiarities  of  the  surface:  It  should  be 
very  different  for  the  cornea  and  for  the  plantar  surface  of  the  fool.  In 
the  case  of  the  genito-urinary  tract,  irritation  is  particularly  undesirable. 
For  this  reason  non-iiYitant  protein  compounds  of  silver  have  become 
popular. 

Astringents  cause  actual  conslriclion  of  the  mucou*  membranes,  and 
may  in  this  way  bring  about  the  complete  disappearance  of  small  polypi. 

In  the  alimentary  camti  the  astringents  are  useful  mainly  in  lessening 
the  reflexes  resulting  from  inflammation;  i.e.,  the  vomiting  and  diarrhea. 

Against  vomiling,  especialK'  wlii-n  caused  by  ulceration,  bismuth  sub- 
nitrate  or  subcarbonate  seems  to  be  the  mo«l  useful.  These  act  not  only 
in  virtue  of  their  astringcncy,  but  also  somewhat  after  the  manner  «rf 
inert  dusting-powder,  affording  an  artificial  protective  covering  to  the 
walls  of  the  viscus  by  adhering  to  ihcm.  Silver  nitrate  is  also  some- 
times used  in  doses  of  about  i  eg.  ('^  grain),  dissolved  in  water  and 
given  three  limes  a  day. 

Their  action  on  dinrrhea  is  cnlirelv  similar.  Bismuth  is  again  pre- 
ferred; silver  nitrate  is  often  very  useful  in  the  summer  diarrhea  of  infants. 

Further  details  will  be  foun^  under  the  respective  mctaU. 

TANMHS  Ain>  VEGETABLE  ASTIUNGBNTS 

Actions  and  Uses. — The  tannins  art  a  group  of  widely  distributed  vege- 
table principles,  which  pcrcipilale  proteins  and  are  tlierefore  astringent; 
and  wnich  give  blue  or  green  compounds  with  iron  salts.  They  act  more 
mildly  than  the  metals;  and  being  practically  non-loxic  they  are  e&pedally 
suited  (or  use  in  the  alimentary  canal.  They  do  not  decrease  peristalsis 
directly,  but  do  so  indirectly,  by  allaying  the  underlying  inRammation. 

Their  employment  in  diarrhea  dates  bock  beyond  the  fourth  ceotuiy 

B.  C. 
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le  oflicUt  "tannic  acid"  is   derived   Irom  nut -flails.    Free  tannin 

ill  be  too  irritant  to  tht-  stomach;  so  that  its  action  must  be  slowed, 

ly    %hc  presence  of  extiactives,  ha  in  tlic  crude  plant  extracts  {Gambir, 

p^nerta.  Kino);  or  by  delaying  itK  solution  through  combination  with 

rotcins  (Tannalbin);  or  by  esters,  which  arc  but  rfowly  dccotnpoBcd  In 

ic  tntntinm. 

In  the  course  o(  its  absorption,  tannin  is  dccompe)M;d  into  the  non- 
itringent  gallic  acid,  pyrogallol,  etc. 

Varietiee  of  Tumia.— Oiiiiniuy  ''tannin"  m  gallo-tAnnic  KaA  ji  dcrixxd  chcmiMlly 
^  th«  cUniiiuilMi  of  a  tiiolcculr  uf  H,0  (kib)  a  molecules  of  Rullic  acid  (Tri-hytlroxy- 
^lUiOic  uJd,  CiH].(O)I)i.('OOI0.  Th«  numerous  olJwi  vmrirlirt  arc  of  diflrrmt 
wnpoaitloo.  In  many  ckm«  unknown.  Some  arc  compound!'  o(  Kuilic  Mrid  w!ib  vigax 
M  with  phkirliLun.  Tbcb  gnns  vlurdliratlon  has  Ih-i-d  discuised  uiirlci  tht  general 
•<3Maury  of  PUnW 

CcaMipatiT*  Actko.— Tli{>  hay  brrn  HlaiJicd  oncals  wiili  Ilic  X-ray  method  by  Hcmc, 
lot  J.  In  the  abMBce  of  iliarrbca,  tannalbin  ha»  do  effect  on  the  intutbal  mo^-ements 
teymid  a  tllgbt  dday  in  the  cmfiiyintc  of  the  slonmch:  nor  bad  it  any  influence  on  the 

I Uwiboa  produced  by  milk-fecilioif  nr  »^nnii:an(l  liul  little  on  the  tatharaiaof  ca^Ior  oil. 
nowera.  il  arrMlcd  certain  dietetic  didrrhvas  (bread),  anil  thai  produced  bv  the  mlon- 
KttM  el  colocynth.  Its  actioik  U  therefore  not  on  peiii^laUit,  but  on  tnc  inflamed 
n*nnKiolc«iG  Peculiarities. — Tannins  form  more  or  Icm  insoluble  compounds  with 
MM^  iMUb,  aualoidf.  t;lti<iHid<.  etc.,  and  ore  IberFforc  utcful  a»  antidotes.  They  also 
pmwiltl*  proltilDs,  eelmin  iimU<>iinrt'tiv('  lU'ur  ilrnilier),  nnil  lhu»  act  as  attrinacnii, 
ty>ao;  Rod  antiwpliti  tmainly  by  licprMng  llit:  bntlerin  of  food).  The  different 
^Mhtwe  aot  equivalent  in  ibcM:  mpcct^  Some  f which  are  perhaps  mi*namrd), 
WbHtboK  of  coffrc  and  iji«ac,  arc  pritciically  non- precipitant.  Others  present  dU- 
ImcH  in  the  firmoeu  and  mlubility  of  the  precipitate,  which,  when  belter  known, 
■Vrn>w«f  tberapeuiic  irapotiance, 

nil.— In  (he  stomach,  tannin  precipitates  the  proteins  in  the  form  of  (annates, 
<*UatT  drcomposed  by  forlbcr  U)f;»tioD.  a^in  H-'ttiofi  free  -ictit-c  tannin.  In  the 
''IMiir,  a  part  of  the  hvt  tannin  conibinci  vilh  ihc  alkal)  to  foim  the  n  on -precipitant 
*bBtianatta.  The  further  fate  is  imtK'rf4'(lty  known:  but  all  o'  the  lannin.  even  if 
NMrf  inttavenouftly,  undergoes  decompoution  into  ivllic  and  pjiogallic  acid  and 
■vdtCMapuillion  im>du<t»,  Ijcforc  lieini  excreted.  Thc^c  appear  both  In  the  urine 
JKCMiifE.  Rott,  IHQ7;  the  ulder  conlraiuctory  hiatrmmts  werr  bawd  on  faulty  tntt 
ylJMfal.  Only  Ihc  insoluble  lannala  (TanniRvn.  Tinnalbin,  etc)  pnu  in  part  un< 
mvpfced  into  the  (cc<-»  The  dorompa*ition  must,  ihcTrfore,  lake  place  to  a  large 
•"■I  la  the  intciiino.  With  oral  adinlaisttaiion.  the  uHne  contains  at  niost  i  per 
■BA  (i  the  sallatc  of  the  tannin. 

At  on  of  tannin  aa  aaiidM*  has  bf<ra  diKU«*cd  under  "General  Toalcoloiy." 

Th  Imolubility  of  tanitin  atmpounds  has  becD  utillxcd  in  sccurinii  a  more  frehnftJ 
'*|'ai]lun>  af  11^  iali^Hi.  It  will  be  remembered  that  Ihit  ii  one  reason  fo«  the  more 
■''Bilaral  (fleets  of  jtalenks  a<>  compared  with  nlkaloidf^  It  has  been  tURxestcd  to 
nan  foth  combinatMiu  arllliiially.  bul  the^  have  not  come  into  general  uie. 

1h  Hied  ol  the  ranliHutd  admimiitfotion  of  small  amounts  of  tannins  has  contider* 
^|*^ap«taace,  because  tlicy  are  (•■niatnedbn  number  of  bervcraites;a«  tea  and  certain 
*-^  A  mild  aslrioKent  actinn  may  be  locally  tonic  and  beneficial;  but  larger 
^iBlw prove  actually  itnlnnt,  and  may  lead  to  gBStroenteriti^. 

ttet  unall  amounts  ol  tannin  interfere  MmewhnI  with  abMrptlon.  Tlila  is  larcely 
I*  l*IWr  Mcdpitatins  protrins.  I<ut  these  combinatioiu  are  again  deoomposed  in 
■"  "^Jloe  EnlMtW.  K>  Ihal  Ihe  intcrffrence  i*  not  lorfle. 

1*  Ik  actual  experiments  ■>(  Hibeifrld  (i<>0.<|  on  the  abforptlon  of  normal  salitM 
'^*l*t  (niia  a  Vclla  fistula,  this  was  accel^led  by  0.01  per  cent,  of  lanluo;  0.04  per 
'**''^IM  tfre4i;ai  10  I  per  cent,  delayed  absoi^lion. 

Ot  the  whole,  one  may  say  that  the  sjnall  quantities  of  tannin  ordi- 
'*'3t  taken  with  the  fotxi  and  drink  are  nut  injurious;  but  that  large 
7i*i>liti(s  (excessive  tea  drinking)  arc  ci^rtainly  deleterious.  The  tannin 
^  («<*  ia  scarcely  astringent,  and  therefore  lacks  this  action. 

Kkcts  of  Larger  Doses. — These  produce  irritation  and  corrosion, 
'PKally  U  the  stonuch  i.t  empty;  |»in,  vomitiiiK.  diarrhea  or  ulx^tipation. 
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I3B  BJANU/ 

Incompatibility. — Tannins  arc  incompatible  with  alkaloids,  alkalJct, 
iron  and  many  other  inflaU;  also  with  proteins  and  gelatin. 


PREPAKATIONS — TANNIC  AND  CAIJ.1C  ACIDS 

•  Atidam  TapHUum  (Acid.  Tann.).  U.S-P.,  B.P,;  Tannic  Acid  (Tuuun,  Ciailotannie 
Add,  UiKallic  Atid>  ,]lCiiKi>Ot. — A  laiinin  obtained  from  nut- gaJL  Vejy  «J.  (1:1),  in 
wjitcr  gl^'c.  und  ale.  Almost  insol.  in  eih.  or  chloiof.  U'nicry  solutions  jtradually  spoil 
on  keeping,  although  Ihcy  bliU  (olot  iron.  liuampatiHe  with  aJkalici.  aikk1cad»,  uJtt 
of  iton  and  most  other  m«taU,  proteins  nnd  gctnlin.  Dou,  0,5  Cm.,  8  tx..  {.'.ST.;  o.j 
I0  0,6  Cm.,  s  to  10  gr.,  B.P.  Luciilly,  for  urethra,  1  to  1  per  c«at.;  vo^nn,  $  per  ccbI.; 
enema,  1  to  1  per  ccot.;  rectal  irrljcaliun  (cholera)  ii  to  >j  per  txai.;  ikin  and  lUctn, 
5  to  10  pet  cent.,  or  the  Clyoeritc. 

'Gtyeer.  AciJ.  Tann.,  U.S.P.,  B,P.— so  pc(  <chi. 

Vng.  Add.  Tann.,  U.S.f.^io  per  cent. 

Supp.  Acid.  Ttaart.,  B.P.^0.1  Cim..  j  gr.  (asidnil  hemonhdd*). 

Truck.  Arid.  Tann.,  U.S.P, — o.oO  Gm.,  1  jtr. 

Troch.  Acid.  Tann..  B.P.— 0.03  Gm.,  H  pr. 

*  Tanmtlhitt  (N.N.R.). — Albumin  tannate,  containing  about  50  per  onit.  of  tannic 
add  (Cotllieb,  i8q6).  Li^hl  brown.  mlorlcM  and  ta«tele>»,  powder,  prxetically  intolu. 
blc  in  water  and  gutric  juu^.  Oltutr  alkalie*  (intestinal  and  pancreatic  juicej  libcrvle 
the  tnnnin  slowly.  Used  in  diarrhea,  etpennlly  of  rhildrni.  uos.r,  1  to  4  Gm.  (ij  to 
60  \^i.)  in  powder  or  tablets,  fulluwed  by  water;  infuuls,  0.1  to  o.j  Cm.  in  gruel. 

Other  Arlifitial  Tannin  Compoundt  ol  N.N.R.  are:  Tannigcn,  Diacct^tannin  (H. 
Meyer,  iSu4!:  in>«1itlile  in  Btomach,  soluble  in  intcstioci  also  Tumopin,  Tannofonn, 

EtijCatlal.  (ialloRen.  i'rolan- 

AtidHtn  GallU-um  (Acid.  Gall.),  U.S.P.;  CiJIiCOH),C0jn  +  H^.— Orcur*  in  many 
iiUnU,  usually  with  tannic  Held.  It  does  not  predpilalt  ulkaluide,  alhumin,  or  ghle. 
Sol.  in  water  (i  ;  8j);  Ireely  sol.  In  aJc.  (1  :  4,6)  or  glyc  (1  :  10).  Doft,  i  Gm.,  ij  p-* 
U.S.P.     Externally,  i  per  cent.,  as  weak  aitnngenl. 
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lANNIN — UkVCS 

These  arc  vvr>'  numerous,  <ind  msny  might  well  be  dispensed  witb. 
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Garobir  (Catechu)  would  fulfill  all  indications. 

Acaeia  CorUi,  B.P.;  .\cacia  Bark. — The  dried  bark  of  Acada  arabica  anddecurmi*. 
AstrinKcnt  nnd  dcmultcot. 

Dec.  .4tar.  C'orl.,  B.P. — 6  per  cent.     Do!t,  15  to  60  c.c,  H  t"  '  oiincci,  B.P. 

Rfiti  Fruct..  B.P.— The  fresh  fruit  of  Acglc  Marmdoi. 

Ext.  BdaLiir.  B.P.— Owr,  4  to  H  cc,  1  to  i  drams,  B.P. 

BuKfT  Sem.,  B.P.— The  seeds  ol  Butea  (rondosa. 

Butea  Gum.,  B.P.  (Bengal  Kino).— The  insnissnted  juice  of  Botca  frond.»ii. 

Catia,  U.S.P.,  B.P.:  Nut-Kali— *.An  excrescence  on  Iho  youns  Iwij!*  of  Querent  in^ 
fcctoria  and  other  allied  sncdc^of  Qucrcus  (Oak),  induced  by  the  punclurcion  tlw  leaf. 
bud«  nnd  by  the  deposilra  ova  of  a  wa^p,  Cynips  tiociorin.  CoDtains  50  to  bo  per  cmt. 
o(  tannin.  1  lo  5  per  cent,  of  gallic  acid.     Dosr.  0.5  Cm.,  8  gr.,  U.S.P. 

Ung.  Gall.,  i;.S.P.,  B.P.— jo  per  cent. 

Una.  G'lU.  C.  Opiii.  B.P, — The  preceding,  with  7.5  per  cent.  o(  powdered  Opium. 

Caitihu,  B.P,;  Catechu  (Paic):  identical  with  Gambir,  U.S.P.— A  dried  eitrKt  of 
the  leaves  of  young  shoots  of  Unrarin  (iambic. 

*  Tr.  Caltxku,  B.P.— 30  per  rent.,  with  L'innaniun.  Pom,  a  to  4  CC,  i4  ti>  t  dram, 
B.P. 

PiJv.  CaUck.  Co,,  B.P. —  Catechu,  40  per  cent.;  Kinn  and  Ktamerin,  eoeh  >o  per 
(cntj  Cinnnmcin  and  Nutmeg,     Dote,  0.6  to  4  Om..  10  to  do  gr.,  B.P. 

Track.  Cal'ih  ,  B.P.. — o.od  Gm..  1  gr. 

CalttMu  Sigrutn  (Catcch.  Nlgr.)  B.P.;  Black  Catechu. — .An  extract  from  the  wood 
of  Arada  Catechu. 

Enbrlia  (Embel.),  B.P.— The  dried  fruit  of  Ribes  Kmbella   and   robusta.     Oow, 
.4  lo  16  Gm.,  60  to  140  gr.,  B.P. 

I  Gi«fr.>.  U.S,P.;  Gamhir  (Pale  Catechu);  identical  wiib  Catechu,  B.P.— A  drird 
^WEtnct  prepared  from  decoctions  ol  the  leaves  and  twigs  of  Ourouparia  Gambir.  Coo- 
't  laJnc  jj  to  47  per  cent,  of  catechu -tannic  add.     Dose,  t  Gm.,  15  gr.,  U.S.P. 
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'  TV.  GtaaWf  Cttit  U.S.P.  (Compound  Tincture  of  Catechu). — ;  prr  cent,  in  jo  per 
c«t.  klcabt^ flnwed  with  cLnnainuD.    Deit.  4  c.c.  1  dram,  U.S.P. 

BamalHdUis  CoHex,  B.P.;  IlnmiunelU  Bark  (Witcb  Ilaxcl  Rark).— T)tr  dried  bark 
of  Hunuadu  vir^oiana. 

I>.  Btmuni.,  B.P. — 10  per  cent,  of  batk.     Dose,  3  to  4  ex.,  ^  to  1  dnm,   R.P. 

fidMAM.  f(J.,  B.P.;  Ilomamclii  Leaves. — Fmh  or  dried.  8  i>er  cent,  of  tannin 
(Stnab,  1899). 

Ext.  llamam.  Lig.,  B.P. — 50  per  ceaL  g(  dried  leavei.  Datt,  o.j  td  i  c.c.  5  to  15 
ffffliiniti  B.P. 

UKg'  H'ft^^-y  B.P. — 10  per  cent,  of  the  preceding. 

BtmMlDxyli  Lifnum.  B. P.;  Logwood. — The  lieart-wood  of  Hicmatoxylon  campcchi- 
MKBi.     II  per  cent,  of  Hiemaloxytm. 

Dtc.  Bam.Uin,.  B.P, — 5  per  cent,     Daic,  ij  toCio  cc,  Vj  10  1  ounce,  B.P. 

Kimc,  U.S. P.,  B.P.;  Kino. — The  dried  juice  from  lie  trunk  of  Ptcrocarpus  Martup- 
ium.  75  per  cent,  of  Kino-tanitic  odd.  Date,  0.5  Gm.,  S  gr.,  U.S.P.;  0,3  to  i.i  Gsl, 
jV>  iozr.,  B.P. 

Tr.  KiHa,  U^.P.,  B.P. — lo  per  ceaL  Dose,  4  ex.,  i  drsm,  U.S.P.;  1  to  4  c.c. 
H  to  I  dram,  B.P. 

PmI*.  Kinf  Co.,  B.P. — j  per  cent,  of  opium.     Dole,  o.^  to  i.t  Cm.,  s  to  10  gr,,  BJ", 

Kitia  EMulypli  (Kino  Eutal>p.),  B.P,  (Eucalyiilus  Cium,  Red  (Ium). — An  exuda* 
tioD  frain  the  t.tcm  of  Kuc3l>-ptu»  species.    Dmr,  o.j  to  i.3  Grn.,  $  lo  la  gr.,  B.P. 

TrofM.  Kiio  Euctiypli.  H. P.— 0.06  Gm.,  i  gr. 

KratKer,  Rod.,  B.I'.;  Krameria  (Rhatany). — The  dried  root  ol  KrameriD  ipccie«. 

En.  Kramrr.,  B.P.— .\  dry  extract.    Dose,  o.j  to  1  Gm^  S  to  15  gr.,  B.P. 

7>.  Kramtr.,  B.P. — 10  per  ccoi.    Dost,  1 10  4  cc,  Vi  to  1  dram.  b.P. 

/■f.  Kramfr.,  B.P. — 5  per  cent.    Doit,  ij  to  30  c.c,  H  '*  •  ounce.  B.P. 

Ttoeh.  Kramtt.,  B.P. — o.wS  Gm.,  1  gr. 

Uyr^bitlanum,  B.P.,  MyrobaUni, — The  dried  immatutctrult  of  Tennioalia  Cbebula. 
Om,  1  to  4  Gm.,  30  lo  60  gr.,  B.P. 

V»t.  UjTobal.,  B.P. — JO  per  cent. 

Vni.  iijTobal  C.  OpiV;  B.P, — The  preceding  with  7.5  per  cent,  of  Opium. 

Seff«n.  B.P. — The  heart-wood  of  (.'acsalpiniu  Snppan;  similar  lo  Logwood- 

Dtu  Sappun.,  B.P. — S  per  cent.     Don.  15  lo  60  c.c,  J^  '"  '  ounce*.,  B.P. 

Dianhea  ifixfriro. — Tncie  are  generally  "■Jiot-gun"  prescriptiouE  of  which  the 
Inllinring  arc  t>-pes: 

Uiilarit  Conira  Diatrkinxni,  N.F.  (Sun  Cholera  Mixture). — Equal  parts  of  Tlncttu* 
tl  Opium.  Capucum,  Rhubarb.  Campliur.  Peppermint.  Dvst,  to  one  leaspoonful. 
Or.Tt.  OJaunn,  Tr.  Catechu,  Tr.  Rnuboib,  Sp,  Peppermint,  Bbniulh  subniirale. 
WAotf,  Raatwnhcimcr,  i^in). 

ASnUKGEHT  STYPnCS 

All  the  metallic  ftalts,  the  irritant  as  well  as  the  astringent,  and  also 
tilt »^getablc  astringents,  act  as  local  styptics;  I. f,,  lessen  local  hemorrhage. 
Thty  do  so  mainly  by  the  formation  of  precipitates  which  occlude  the 
liusm  tA  the  small  vessels,  just  as  it  is  occlutied  ordinarily  by  fibrin. 
(WhiUt  the  majority  lessen  the  formation  of  librin,  this  is  offset  by  the 
pRdntation.)  Besides  this  precipitation,  they  abo  act  by  injuring  the 
WMtl  walls  in  such  a  way  as  lo  produce  lluonibosis.  This  is  claimetl 
opcQilly  for  anc  chlorid. 

It  is  scarcely  needful  to  mention  that  astringents  will  act  only  at  the 
[^  to  which  they  arc  applied.  It  is  necessary  that  they  come  into 
>ttiial  contact  with  the  bleeding  vessels.  They  can  not  act  through  a  large 
rfw  of  bkwd,  and  if  such  exists,  it  must  first  be  removed.  At  one  time 
tbey  were  used  internally  with  the  idea  of  producing  astringent  action  in 
Kiaote  places;  iron  was  given  by  themoulh  lo  check  bleeding  in  the  uterus. 
TIbws  entirely  irrational.  Their  action  can  not  even  extend  beyond  the 
**>* Idi,  since  they  arc  precipitated  or  decomposed  in  the  intestine. 

Tbt  indications  for  the  use  of  styptics  ar^  to  lessen  bleeding,  especially 
opflliiy  oozing.  They  arc  sometimes  injected  into  hemorrhoids,  and 
Ittvt  even  been  injected  into  aneurisms.  Their  injection  into  larger 
^'a5eb  is  dangerous,  as  it  may  produce  embolism. 
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The  most  useful  of  ihe  motallic  styptics  arc  the  iron  salts,  especiaHy 
the  ferric  cJilorid  and  ferric  sulphate.  The  ferric  clilorid  is  usco  either 
as  the  solution,  or  tincture,  quite  largely  diluted  with  water.  Ctitlnii  may 
be  steeped  in  this,  forminft  "styptic  coUon."  Next  oomcs alum,  cspcdally 
the  burnt  alum.     Then  the  tannins  in  any  form. 

Boiclci  ihcu;,  any  Kub^lnncr  whkh  gives  &  preclpiute  trilh  proteiiu  will  act  a»  » 
ttvptic  in  ihc  Minit  niuiiiier;  f.j;..  dilute  aciUs  in  toucenlrationi  which  nc«d  oof  be  at 
all  caustic  (vinciiur  and  Irmon  juice).  Quitv  a  number  of  piirrly  mrclianiritl  n><Mkurt* 
favor  the  tormalion  of  clol;  for  inMance,  ordin.ary  cotton  or  Penpiwhiit  Djxmb«  (thit 
also  conliuiis  lannin).  Cobwebs  also  lorm  a  popular  and  very  eflKti\c  measure  (oc 
producing  the  jome  result,  but  arc  unfonunalcly  very  septic.  Ouo  taay  obuifl  iht 
Mmc  cflctt  by  fine  powders  which  liavr  a  sltoTig  mirnction  [or  water.  In  aue  of  emer- 
Hcnty  pondered  or  granulnlcd  sugar  n  a  goiiil  fiyplic,  and  at  the  tome  time  antifcptic. 
Other  Elyplic  mcosures  are  position,  raising  Ihc  timli  and  keeping  ii  quiet  m>  an  to  r«duc« 
the  local  conception:  local  pressure;  depression  of  the  vaioniotor  center  by  narcotics; 
direct  constriction  ol  the  vessels  by  the  applicstioD  of  cold,  ot  by  drugs,  Mice  a*  cocaia, 
KuprarcQal  cilracl,  hydrastinin,  etc. 


STREMGTH  OP  MOST  USEFUL  SOLUTIONS  OP  ASTRIWGEI(TS  AffD  AHTl- 

SEPTICS' 


Neutral  SalU: 

Sodii  chioridum 

AlUllcft: 

Sodii  bicarbon. . . 

Sodii  CArbonan ..... 

Fotawii  carbonas. ,  . . , 

Sulphids: 

Pot.  sulpfaurat ,....,..,.. 

Acids  (Mineral) 

Haloids: 
lodln 

Metallic  Satis: 
Zinc  sulphate  or  phenol»ulphonate. 

Mercuric  clilorid 

Liq.  plumbi  subaccL  dil 

Silver  nitrate 

Tr.  (erri  chloridl 

Alumcti  and  alum,  salt* 

Cupric  tulphate. .,.. ...... 

Lead  ucctali' 

Tannine  T 
Tannic  odd 

MIscelUneout: 

Boric  acid,  or  bens 

H,0, 

Pot.  iK'rniaiiicaa 

Glycerin 

Phenol , 

Thymol,  «s»etillal  oils 

Alkaloids: 

MonUB 

IbdTaatiniD > 

Mott  alkaloids  (or  eye. 


Tadclijnfl  uIcDt«» 
ti*r^J«.  rectbl  and 


tJrothral  in- 
)«r-UoiuaiMj 


Balla    (Gat.  px 
bath.  100  tiwn 
10  CktIolH) 


o.i  lo  t% 

oS% 
O.I  to  1% 

i.j  to  1% 
o.os  to  O.I  % 
Full  strength 

o-S  "n  5% 

10%  (of  Tr,) 

1  103% 

t% 

1% 

I  to  3% 

4%  («l'd) 
|{  to  >i  of  aqua. 

I  toi% 

30% 


05% 


o.ois% 
Full  strength 
o.t  to  0.$% 

o.as% 
«■$% 
o-S% 

0.5  to  a% 

0.4% 
10% 
o.t 


S«tunt«d,  watery  Satorsiei), 
watery 


0.1% 

0.1% 

0.5  to  t% 


4KC. 

too  Gm. 
loo  Gm. 
100  Gm. 

JO  10  150  Gm- 
jocjc.  (I  ounce) 


Wbaa  MVeral  an  combinad,  Iha  doaa  ol  aaek  matt  ba 


nUtlTANT  VOLATn.B  OtLS  AND   RELATED  DRUC8 

'  B4lit.—Vm»iiy  Uken  in  the  evening  Mom  solas  to  bol.  Metml-liacrf  rulw  must 
t<  avoided  for  meakateil  bntbt. 

Cmlu> — N'o  toclc  lubstoiicc  tlioutd  b«  uacd,  cipccially  witli  diildico,  on  lUxount 
dthaxiaiwri  nf  swsllAwinK.  Tbc  meUUlc  twlti  Rititfk  the  teeth,  w  that  the}*  c»n  not 
U  emffcyod  lor  a  loaf;  time. 

Vmtr4l liijr^liinu. — Alwiy* have lhepftticetutiiiat(riu>t before uijectlnB.  (oteniave 
total*.  Let  iaie^rtion  remiin  ■(  Icul  euw  utiautc,  then  let  Sow  out,  but  paiicct  should 
■it  inktuntc  iau&edutcly  oitei. 


IRRITANT  VOLATaE  OILS  AHD  RELATED  DRUGS 

Gtoeral  Statement. — Most  volatile  (or  "essential")  oils  arc  complex 
aixture,  generally  containing  tcrpcHes  aiid  oxidized  aromatic  derivativea. 
Tkebalawis  and  resins,  which  contain  volatile  oils,  may  be  included  in 
tbtcoup.  These  oils  occur  in  numerous  plants,  and  determine'  tlieir  use 
11  Jlivors,  aromalics.  carminatives,  antbeptics  and  irritants.  Their 
tkU ippHcatioii  is  (or  their  local  eifect*.  consistinK  in  deep  irritation  with 
tainiium  of  tissue  destruction.  I'hc  scn^or>'  stimulation  is  followed  by 
HOC ueslhesia.  They  exert  a  favorable  influence  on  chronic  inflamma- 
Iimh;  portly  by  their  mild  antiseptic  and  irritant  action,  and  partly  by 
(tenolactic  attraction  of  lcucoc>'tcs.  In  acute  ititlammations  they  arc 
■Htta^l  to  do  harm.  Their  anti.«eptic  action  ia,  in  practice,  relatively 
•<»li.iincc  ihcy  arc  but  slightly  soluble  in  water. 

-Utet  thdr  absorption  they  are  eitcreted  mainly  in  combination  with 
C^yturonic  acid.    They  irritate  the  kidneys;  and  produce  diuresis. 

Central  effects  arc  only  seen  in  poisoning,  and  agree  broadly  with 
liost  of  camphor,  which  really  Itelongs  to  this  group.  These  effects  are 
■«t«  1ms convulsive,  followed  by  narco^;  on  direct  application,  stimu- 
■>!!(■  of  cardiac  muscle;  and  rurari;  action  on  the  inuAde-nerN'e  endings. 

Tit  Flavoring  and  Aromatic  Oils  are  considered  in  another  place. 

^fwywIthMi.— A  eODvcslent  ubulalion  o(  the  corutituenls  ot  >-oUtUe  oQs  U  slveD 
"V  Wttoe  v>d  Woe.  iifii.  The  lerpoies  are  aromatic,  cyclic  compound*  of  the 
*B«  napirical  focnmla,  Cistlit.  Rchited  to  ihcm  ar*  the  M-nu-terpclus  (CiH»); 
f^^twpcncs  (Ciillu);  *ai  llt.tcrpcneB  (ChHii).  Other  canatiluenl;!  are  oxidation 
'™jnj  •f  thete  Odd  afomitic  phcnob,  ketone,  aldcli)-dni,  nddx  and  their  compound*. 
,  wAaUatytic  Electa.— Thcw  have  been  inve«li)tatcd  especially  by  Kobcri,  1906; 
™JwK  igo6:  Ceiniu,  iQii;  ami  Ktupetoe  and  Wise,  tgii. 

^«MMctic  Action. — The  value  of  volatile  oL1»  (poiticularly  thoie  enumerated  as 
P^utlKptka)  la  chronic  inflimmB lions  of  all  wtts  bos  bwa  abundantly  proved 
^dlanl  otiwrvBtioiu  and  laboralor>-  expertment*.  Tliey  alto  teueu  ai>rpiic  inOam- 
iMpoiai*  remote  from  Ihesiteof  their  application,  by  dccrcaiiiiK  the  forraacioo 
I  and  by  haiitrnlac  tlieir  abjurplion.  The  explunalion  probably  Vm  in  a 
■  m^,Tr—^  attraction  fur  Inicocvte*  (l>mi&te,  1891;  Buri»ow;  Mombutccr,  toil). 
"Wvij'llicy  iritlidraw  theneccUffram  the  inHamed  area  into  the  blood  (Wintemita, 

■IBEtiBn.— Twpenes  are  for  the  molt  pari  excreted  in  tbt'  mine  in  comtunation 
"■^Anrodc  acid  (Malicl.  iqo^^.  MMneiime*  after  t>artiiil  otidnlion. 

^imak  Actiona  of  Vo4atiJ»  OB>.— The  principal  central  effect*  of  volatile  oils 
t^'dn.  Wttb  the  ordinary  docM.  no  direct  action  ohaiever  can  be  obierved. 
tUftioMt  act  on  tbe  nnvou*  ccnten,  opccintly  the  brain  and  medulla.  These  are 
jWMiwilaXcd,  th«a  dawtMCd.  The  dctHil^  hnw  U-cd  investigated  especially  by 
I  iWaL  iteo;  HUdcbraadt,  1901  and  190;;  Mulzcl.  ti^o^;  and  Gelnitx.  1911.  The  de- 
■  It  tftmuJiatian  varlc«  tnr  tbc  difleitnl  oUs.  Turpentine  liaa  icucdy  any  ellect, 
:  aWntbe,  thujon,  feflchoA,  can-oA  and  camphor  produce  violent  epileptic  con- 
Tlw  dcpiMMoB  is  more  uniform:  The  majority  (valerian,  (cnnel.  chamomile 
>,  ailBt.  KMHiary.  ublnol,  ciiral,  turpentine)  dimim^b  the  re6ex  exclubility, 
r  that  Uree  doits  will  entirely  prevent  atrycbnin  con\-uUion«  in  rabbiti.  The  eSectivc 
I  UT,  hnwever,  entirely  too  Urge  to  moke  it  poMlble  to  employ  thia  action  in  man. 
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Tht  Cumrr-atUont  bavc  been  tludicd  liy  HUdcbrandt  and  by  Mntwl:  tbe  c<$nilae 
tjtcif  by  H.  Schnatb,  191:. 

According  lo  d'Ormca  (looj),  Ihc  iitUAvcnous  injection  o(  volalilc  uib  nuua  a 
ptciUiar  dilation  o(  Ihc  ciribttal  vastts.  (he  volume o(  the  brain  incrcose.  whibt  thcptct- 
KUre  in  (hv  circle  of  Willis  fnlU.  This  effect  is  strongut  with  absinihr,  weak  with 
anise  or  lemon.  Camjilior  has  n  Mmilitr  cRect.  Tbe  gCDCfal  blood  pmiurr  aJao  iaik 
in  most  cases,  but  (juilc  indcpendcnl^'  o[  [be  changes  in  tbe  cerebral  (irculalinn. 

If  vokrllc  ails  arc  inji-di-d  hjpodernucaUj',  they  produce  al  lint  the  reflex  actioB, 
and  in  a  more  marlted  drKree  than  when  llicy  are  applied  to  (be  iurfac«  oJ  the  ikio. 
Later  their  ^-stemic.  and  slill  lalci  titc  rcnoL  actions  lake  place. 

JsiJaitd  intttliii.il  Scgmmls  arc  stienulatM  by  oil  of  anise,  turpentine  and  chenopo- 
dium.  in  coocrnt  tat  ions  of  1:50.000  to  i;;.;,ooo.  Higher  concent  rationt  u(  all 
volatile  oils  depress  the  movemiints  (Muirheiid  4  Gerald,  igiO). 

Hemolytic  Acdoa  of  Terpenea.— Itbixuka,  1914,  found  that  ihift  varied  fnalnly  irllfa 
the  ^u^fa(.-e  (fusion;  but  that  tli«  alcobol  01  ketone  duuacler  also  baa  an  inflixuca. 
Some  (urm  melhcmoglobin. 

OLFACTORY  5TIMULAKTS 

Odorous  substnnccj  produce  pronaunced  reflex  cSecln.  Pungent  and  iiromBtIc 
drugs  cause  in  this  ivay  ft  prompt  medullary  itimuIariDn,  Increaung  the  miuratioa 
and  lil'iod  pressure,  and  sloiving  Ibe  pulse.  They  are  especially  usdut  in  fainting. 
They  lire  employed  by  inhalation.  Tindura  Larandufa  Composita  (U.S.P.,  B.P.)  and 
Aromatic  Ammonia  arc  used  for  this  fiurpoM. 

Any  pungent  substance  *i!l  answer  in  an  emeriitency;  ibe  burning  »*  a  tcaUier  under 
tbe  nose  of  the  patjent  is  a  standntd  household  tncoiurc. 

Substances  which  produce  Hnceiing  lltemutaloria  or  nrhinn)  net  in  a  similar  manner, 
but  have  rather  passed  out  of  fashiuii.  They  arc  sumetinics  useful  aa  focal  counter* 
irrititots  in  nasal  catarrh  (snuff). 

HYSTERIC  SEDATIVES  OR  AmTSPASMODICS 

Actions  and  Uses. — .\safeli(la,  valerian,  and  some  other  malodorou* 
drugs  have  been  used  since  antiquity  as  sedatives  In  hysterical  and  simi- 
lar nervous  conditions.  They  are  ofieii  effective,  presumably  by  olfac- 
torj' and  psychic  reflexes,  Asaftrtida  is  also  carminative,  ami  ha-^bctrnuscd 
by  mouth  and  enema  (emulsion)  in  tympanites;  but  it  imparts  its  odor 
to  the  excreta  and  eructations.  Very  large  doses  ( Jii  ounte)  have  be^n 
taken  without  other  noticeable  effects.  Large  doacs  of  valerian  produce 
systemic  action,  but  it  is  very  di>iibiful  whether  thcae  occur  with  the  ordi- 
nary doses.  Valerian  was  formerly  used  as  a  perfume,  and  as  a  spice  for 
meat,  and  asafetida  is  said  to  be  similarly  employed  in  Persia. 


PBEPARAltONS — ^HYSTERIC  SEDATIVES 

'  Aiaftlida  (Asalet.),  I'.S.P,;  At<i/fiida  (Ajafet.),  B.P.;  Asiifctida.-~The  Kiiiii^~ 
rr^ln  obtained  by  incising  the  rhizonie  and  rootc  of  Ferula  .Aufetida.  Charoctcrkti* 
udur;  bitter  and  acrid  taste;  forms  inill-wbite  emulsion  when  triturated  nitb  wsitr, 
Cenitiliienii:  3  '<*  9  per  cent,  volatile  oil;  10  to  jo  per  cent,  gum;  4$  to  jo  per  cent, 
min.  The  aJcobolic  preparations  yield  turbid  mixtures  nith  auueous  liquidi,  Dott, 
0.}$  Cm.,  4  gr.,  U.S.P.;  0,3  to  t  Gtn.,  5  to  15  gr.,  B.P.;  best  as  pilla. 

PH.  Aiafei..  V:S.P.—o.i  Gin.,  3  gr.    Doif.  i  pills,  U.S.P. 

Emul.  Asiiftl.,  U.S.P.  (Milk  of  Asafutida,  Aitafctida  Mixture). — Made  by  nibbiits 
4  parts  of  asafetida  with  100  ports  of  water.  Dost,  i.J  C.C.,  4  drvDift,  U.S.P.  U«<d 
especially  as  enema  against  lympanilea. 

Tr. /1ju/c(.,  U.S.P.,  B.P,— lopt-r  cent.  Aue,  I  cc,  IS  minims,  U.SJ*.;  >  to  4  cc, 
Ji  to  I  drara,  B.P. 

Sp.  Amman.  FtS.,  B.P.— .Vn  ilcohnlic  distillate  of  Asofetida.  mixed  with  AmmOBla. 
Dou,  1.1  to  J.J  C.C.,  JO  lo  40  minims,  repeated;  singie,  4  to  6  c.c,  60  to  90  tniainw, 
largely  diluted.  B.P. 

r<i/rri.tii.i  (\'aler.).,  U.S.P.;  Voter,  ttkic,  BJ*.;  Valerian.— The  dried  rbiwmc  aikd 
roots  of  Valeriana  officinalis.  Dvir,  t  Cm.,  30  p.,  U.S.P.  Contains  S  lo  1  per  cenL 
ralatile  oil,  valeric  and  other  organic  acids;  lanDiD  and  resins     The  oil  coiuiits  of  ettcrs 
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I  tt  valek  (VtlerUnk)  aeia,  «Mdally  with  boinral.  ThcK  arc  tht  heunn  ol  the  action, 
^fne  vikrie Mid  uii)  iia  Mlt» bcins  Quiic  uicAcctivt.  Ilic  Iti-ih  root  is alw ineficciivr, 
Lllic  c^un  bdnjg  fonacd  only  durinic  <tr>iD;,  by  the  action  of  oxidaws  (Rochnaiui, 
Ije04>.  The  juice  of  ibc  tnsh  pUni  •!«>  producn  diBemt  cSectK  iram  Ote  dried  i^orian 
((Fooclwt  Uil  Cbcvalici.  193;}.  The  nttn  again  detcKoratr  by  (MidatJon  OD  kMpiog. 
Certua  syBthctJc  nlcts  uic  said  lo  be  mwt  stable  (Kionka.  t<xit). 

Tki  Iwjtclien  ef  yiiUri<iH-~ThU  produoci  the  uiual  tSecln  of  voklilc  ail*  (PouchH 
I  ud  Clwvali«i,  Kionka.  1004);  in  unail  dotm,  ps^hic  ntaiutian  uid  tUt  of  blociil 
prtasiuc  form  tanliac  xail  ^aioimitor  atimuUlion;  in  larger  doMS,  cenlml  Mnwry  aod 
buHM  dqircuion. 

Bi^ittd  I'lems.—lhii  h  stimulated  by  \'alcrii>n  oil  (radifT,  ■916). 
Tr.  Vstrr.,  U.S.P.— «3  pet  tmt.    Dou,  4  e.c.  1  dram.  U.S. P. 
"  nxfiMra  I'aWwii*  .liKniMiwdi  (Tt.  Valtt.  Ammoti.}.  U.S.P.,  B.P.^jo  per  cent.; 
«tab  Sp.  Amnt'in.  Arnm.,  U.S. P.;  vith  ammonia  and  arotnatics,  B.P.     Di/tr,  3  ex., 
__  b'-'--  U.S.I'.;  1  (o  4  ex..  H  io  >  dnm,  B.P. 
r«kr.  /n./.  Aihi:..  H.P.— Pnwn  Valeriana  WalocbiL 
Tr.  Vofrt.  /ntf.  ^mmofi.,  B  ?-Pvt-:  a  to  4  r-c.>  ^  to  I  drun.  B.P. 
Sy^tUt    Kaiman    FMrn    (N  N  R,).— Bornyval    [boratol    iwvalerslv) i    ValidftI 
(uliiuit  of  mcnihol):  aod  Volyl  (vaJcryldiclliyl-arain).    Side  actions.  Srifcrt,  Ncbeo- 
•iit  W!,  p.  w. 

ftbrtla  {l'itlfri«<tiitei). — Thenr  liuve  very  little  value.  They  arc  civcn  in  itonu 
tlaofr  to  t  On.  (1  10  I J  gr.).  generally  in  capiulo.  They  are  <o1ar1c»  cryitali  of  a 
nMuIcodor,  rwtUy  wluble  in  wnlcr;  7.bd  Valcru,  U.S,P.,  P.P.;  Ammomi  Valeni, 
Dip. 

UitmDrut*  of  Mi  £rMi».— Sumbul  (Muslt-root),  Moscbus  (Muak).  Ca*Ioreum, 
CUmn  ICttn^};  and  S!'mprorirpu!<  (Skunk -cabbage). 

Ifw>(',  t'.S.P.;  Aluik.— The  dnc<l  wcT«tlon  from  the  ptepullat  (olCclesof  MoMhus 
BNcfctftnu.     Dau.  o.3i  Gm-.  4  gr..  I'  S.P. 

Ti.  UtuU,  U.S.P.— J  per  crni.     0^>tf,  4  c-c-i  i  dmm.  U.S.P. 
StaW.  VS.P.  (Mu&k-roui).— The  rfaltomc  and  roots  «(  Pctula  Sumbul.    I>ou, 
»<l».Kir,.  C.S.P. 
Etf  SmM.  U.S.P.— A  pilulat  ciirmci.    Dott,  0.35  Gm.,  4  gr. 
fVoLSamM,  t.8.P.— Otw,  i  ex,,  jo  minima.  VSV. 

on,  OF  TDRPEimNE 

AcfiouindCtes. — Applied  to  tlic  skin,  thii;  produces  umplc  rcddcninit 

ladburDiag,  and  is  UBcd  as  a  counti-rirntftnl;  undiltited,  or  mixcil  with 

'  ilosputs  oi  oil  in  linimciils.     It  is  often  used  as  "Stupes,"  i.e.,  flannel 

J  Out  of  hot  water,  and  then  out  of  warm  turpentine,  and  applied 

^im  tiii)urt>'  minutes.     In  susceptible  individuals  it  may  cause  severe 

■"plMn*.  and  if  left  on  for  several  hours,  blistering. 

^  <i  turpentine  is  used  exUmaUy  in  bronchitis,  neuralgic  and  rheti- 
■■tic  ptins,  and  lo  relieve  metcoriiun.  U  chums  more  severe  trritatioD 
*  McMs  membranes. 

^•Wri  tn  lakfti  inlernatly  it  diminishes  bronchial  secretions  (Rossbach 
1*1  FlciKhmann).  Il  wa.s  u«:d  (or  ihis  purpose  (a  lea.ipoonful  inhaled 
'"""•pinl  of  hoi  water)  in  chronic  bronchitis.  It  b  now  displace*}  by  the 
■•f  pfcuanl  Icrpene  hydrate  and  pinc-nevdk  oil.  iLi  u-icas anthelmintic 
7  ^  15  cc.)  and  as  diuretic  and  urinaiy  antiseptic  has  also  been  discoii- 

t  Mlptiuu,  Pate  and  Bioetian.— Oil  of  turpeoiine  i*  roadilv  absorbed  (roia  the  Abt. 
y.iM  ialMtiiK*.  It  cir(iiLaic<^  for  n  lime  unchanged  in  the  blood,  and  is  excreted 
VS^  ^  '"''''  ""  tetV^^naU.  paired  u-ttli  ^lycuroDic  acid.  The  urine  ha»  the  odor 
"■ms.  Ncitlier  lutpcnlin^.  nor  cucalyptol  nor  menthol,  ii  excreted  by  the  lunc* 
"yaa  (Kalk.  Ilnfbauci.  1^15). 

%>mic  ActJom.— Tlie*<  do  not  occur  with  small  doae«. 
-,  TVfMlhM  PoJMMiing. — f  laK  ao  ounce  ban  been  fatal  la  childrtn,  &  ouncci  lo  adulii. 
T'tiMoma  In  man  ate  lho«e  of  BMtro-intc^tlnal  Irjitulioo;  nausea  and  vomitini;, 
^J*  *H  dkurbea.  wild  excitement  and  delirium,  niuia.  painful  micturition,  heiup 
"*"- tSnoBlnuria,  and  ebxioiuria,  skin  eruptions,  coma. 
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The  Trtalmmt.—Tha  comjirists  c^'ncutttion,  dcmulccnu  and  coffee. 

Inhaialion. — Fnlnl  poisoning  has  b«n  rqioflcd  from  inliaUiion  of  vainith  in  a 
conlineil  apate  (DrcschM,  igo6);  Utiirly  by  cxrlusion  of  nir  iWoH,  igdj-  There  ii 
rapid  brejilhing,  palpitations,  vcrti^u.  ^lupoI.  i.-unviil>iiun>,  and  olhi-r  nci%'OUS  dbtotb- 
socn;  ptia  in  chnt,  bronchitis  and  ncphtitii.  The  Utter  may  alio  occur  oodiroiuc 
upwure. 

PR  EPAK-\T  IONS — TORPEKTtNE 

•  Oleum  Trrtbinthina  <OI.  Tcreb.),  \J.?,.V.;  Oil  ot  Turoentiae  (Spirit  ol  Tnipentinc) 
— The  volatile  oil  recently  distilled  with  water,  below  lOO  C.,  fromlheeoncictcoleoreMii 
(Turpenline)  oblAincd  from  Pinus  paluHtris  and  from  otlier  species.  It  consists  mainly 
«f  pincn.  CiJlit,  with  small  quanlitiet  of  other  tcrpencs  and  tracts  of  organic  acids. 
A  th!a.  eolortcis  liquid,  of  ch^iracieriatlc  odor  and  liuie,  bccominK  stronger  and  more 
unpleasant  by  age  and  ciposurc  to  air.  l"nii:liL-aUv  insol.  in  water,  tol.  in  3  voL  of 
■Ic.  and  in  all  proportion),  oi  oils.    Th^  rerlifii^d  oil  ihould  lie  employed  for  internal  ntc. 

•(W.  Ti^Tfh.  Reel..  lj.S.P.;  Ol.  Tcrcb,  Rcctif..  it.P.— kectilkd  (by  distillation  with 
NaOH,  U.S.P.)  Boie,  0.3  cc,  s  minims.  U.S.P.;o.i2  too.6c.c.,  »  to  to  minima,  B J*.; 
anthclminliir  dnse,  11  to  it  c.c.,  j  lo  ^  drams,  B.P. 

BmiU.  01.  TcTfb..  U.S.P.— IS  per  cent.     Dosr.  1  cc.,  H  dram,  U.S.P. 

Lin.  Ttrtb.,  U.S.P.;  Tutpentioe  Linimenl.— Cerat.  Res.,  3;  Ol.  Terrb.,  i. 

Lin.  Tertb.,  B.P. — Ol.  Tercb.,  1^5  per  cent.;  Camphor,  5  per  cent.;  Sap.  MoIL  and 
water. 

Lin.  Trreb.  Actl.,  B.P. — Ol.  Tcreb,,  53  per  cent.;  Lin.  Campli,,  4s  |i«  tent.;  Ac. 
Acct.  Glor..  II  percent. 

'  01-  Pini  PumUwnis  (01.  Pin.  Puniillon.),  U.S.P.,  Oil  of  Dwarf  Pine  Needle*; 
Okum  .ibitiii  (01.  Abiet.),  B.P.,  Oil  of  Siberian  I'ir.— CulurleM  or  faintly  yelloKish 
volatile  oil.  of  pine-needle  odor,  distilled  with  steam  from  the  fa-ih  leaves  of  Pintu 
monlana,  U.S. P.;  of  Allien  «iblrica,  H-P.  Contains  l-pini'ne,  other  hydrocarbons,  and 
esters.  Kesemblcs  oil  of  tuipenline.  but  has  more  aKrei'sble  odor,  and  is  employed  aa 
inhalant  in  bronchial  affections. 

Trrrhintktna  Canadimsis  (Tereh.  C.anad.),  B.P.;  Canada  Turpentine.^ An  olearenn 
oblaiui-d  from  .4bies  balsamea. 

TERPm  HYDRATE 

This  is  used  to  lessen  cough  and  expectoralion  in  phthisUand  in  chronic 
bronchitis,  acting  similarly  to  oil  uf  turiM:ntinc,  and  bcins  Ic^  IrriUnt,  lesii 
disagreeable  and  non-toxic.  It  is  also  sometimes  employed  as  iliurctic 
and  urinary  antiseptic,  but  is  not  very  ciTcclive. 

Lcpine.  1837,  claimed  a  diuretic  effect  from  o.z  to  0.4  Gm.  MatacI,  1905,  took  4 
Gm.  daily  without  any  effect;  the  urine  wa»  not  albuminous.  It  nag  excreted  a*  paited 
glycuronic  acid. 

PREPARATIONS — TURPKNUNE  DERIVATIVES 

•  Trrpini  Hydras  (Terpm.  Hyd-),  U.S.P.;  T<ri>in  Hydrate.  C,oH„(OH),  +  H^).— 
Prepared  by  hydiating  oil  of  turpentine  with  alcohol  and  nitric  acid.  Colorless  priunt, 
odorleaa,  01  sliahlly  aiornaiic  and  Minicivli;k(  bi'.lcr  taste.  SUsIiIIvmI.  in  water  (i  :ioo]i 
freely  M>1.  b  aJc.  ti:ij.j).  Dose.  0.15  Gm..  4  B,r..  U.S.P.;  m  to  1  Gm..  ilj  to  15  gr.. 
In  powder;  or  capsules.  The  N.F.  Elixir  containa  i  gr.  to  the  dntcbn,  in  a  wbicle  of 
alcohol  and  glycerin. 

Terrbentim  (Tereben.),  U.S.P.,  B.P.;Terel>ene. — Dipentcne  and  other  hydrocarbons, 
obtained  by  the  action  of  concentrated  sulphuric  add  on  oil  of  turpentine.  ColnrleM, 
thin  liquid;  mther  ngrrrable  odoc;  ar«matic,  sometrhal  terebinthinate  taate.  Sli|th|jy 
sol.  in  water;  freely  sot.  is  ale.  (1:3).  Dosr,  o.»s  C.c.,  4  minims,  U.S.P-i  0.3  to  *  c*., 
5  (o  IS  minims,  11. P.,  on  sugar;  or  by  tnliolation. 

EDCALYPTOL 

Eucalj'ptol  (Cineoi,  Cajeputol),  Cii>Hi§0,  is  obtained  chiefly  from  oil 
of  eucah^)lus,  but  occurs  also  in  other  volatile  oils,  such  as  cajuput. 
It  is  a  mild  local  irritanl,  use-d  es-pecially  in  bronchitis,  as  inhalation 
(teaspoonful  in  hot  water),  or  internally  (3  to  10  drops  on  sugar);  and  in 
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oryza  ($(>ra}Hng  with  ^  to  5  per  cent,  solulkm  In  llquJd  petrolatum), 
lite  oil  of  cucal>'plus  may  be  substituted. 

ConljFptol  impMl*  to  Uie  urine  the  same  violet  odor  a»docsaitoJtaipentinc,wbkh 
ll  doM^f  iia«Biblc«  Ln  action.    It  hat  been  usrd  in  maSaria  but  b  xre^'ly  inieriac  10 

PftEPAItATIONS— EUCAL^TTtS   AND  CAJUPITT 

Eitahfu,  tJ.S.P.  (Bloc  Com  Lcavc*).--Tbe  dried  Itavcs  ot  Eucal>-piu3  Globulus. 
Dm.  »  Gm.,  jo  f  r.,  U.S.P. 
FUal.  Emcaiyft.,  VS-f.—Oiat,  1  cjc.,  30  miiuBw,  U.S.P. 

*0t  JtaraJyM.,  i;3.P.,  R.P.— A  volitllcoTI  dlslUkd f rom  ihefniJi  lmv<sot  Eucajvp- 
M  «D«6ei,  jieuling  not  Icia  ihas  70  pec  c«Dt.  o(  cucdjptol.    CnloricM  or  pole  yrtfow 
I^tid.    Am,  0.5  ex.,  H  mlnimf,  U.S.?.;  o.oj  to  0.18  c^.,  It  to  j  mlnliiu,  B.P. 
Vnt-  Emt^ypt..  B.I'.— 10  per  ctut.  o(  the  oil. 

*EmdjtUt,  VS.V.:  Eucalrptol  (Cincol),  CiitHiiO.— An  oi^anic  compound  ob- 
vtaad  Iran  lb«  voUtilt  oil  of  Kucalypiu»  Globulus  and  from  Other  sources.  A  colof- 
kB  UqiU:  diaracierisiic.  aroioaiic  Knd  diiiiiicUy  camphorafcous  odor;  a  pungent 
^cf  faUt,  aitd  )>roducing  a  cooling  scnution  in  (he  moulb.  Very  *oI.  in  bIc.  or  inia 
inalcdir  iiiMl.  in  wattr.    Dvtt,  o.  jcx.,  j  mbini»,  U.S.P. 

OlraM  C^mpmli  (OI.  Cajup.}.  U.S.P..  B.P.— .\  vuIatUe  oil  dUtDled  from  the  {i«sh 
Wm  inl  Iwigi  o[  »cvcra]  variclin  i>f  Melaleuca  Lcucadendion.  Vxed  moinlv  as 
MWcnrrilasL    Don,  0.5  cc.,  S  minims,  U.S.P.^  Ouoj  to  o.tS  c.c,  M  to  j  miidmt, 

Sf.  C^up.,  B.P. — to  per  cent.    Doit,  0.3  to  1.1  c.c,  $  to  lo  ntiDimt,  B.P. 

RUBBFAdBItT  VOLATILB  OILS 

A  krge  number  of  drugs  containing  volatile  oils  have  been  used  as 
hpt&nifi  of  liniments,  but  without  serious  advantage.  With  some 
^  the  tinctuTe^  (arnica,  witch  hazel)  uwd  in  domestic  medicine,  the 
■KtAol  is  perhaps  the  main  active  ingredient.  Thymol,  menthol,  and 
OiOpbor,  and  some  of  the  volatile  oils  that  are  discuKSed  in  other  connec- 
tiMnuld  be  classed  with  the  rubefacients. 

TlieoJU  of  clove*,  cinnamon,  anil  creowte  are  employed  in  dentittry 
toilouoy  the  nerves  and  to  disinfect  the  cavities  of  carious  teeth. 


PHEPARATIOKS 

■*'«1'<,  U5.P.;  Afnic.   Flor.,   B.P.;  jVriuca.— The  dried   Qovrcr-hDadi  of   Amicn 
•■'u*    Contains  a  volaljie  oil,  «mall  quanlilics  of  ^-olatilc  acidt,  and  an  actid 
"UB  pQKipIc  (Anlcin}.    Uwd  cxtersally. 
rcp"'""^'  v-^'*-"*^  P*' '^"^  ^  so  pucenL  alcohol.     Datt,  1  c.c,  15  ndnimn, 

j['-  Anit.  Fltr^  B.P.— 10  |<«(  cent    Doie,  a  to  4  ex.,  U  to  1  dism,  BJ>. 

tow^-f/jM,  L'.S.P..  B.P.;  Ctoita.— The  dried  Howerlnid  0*  EueoUc  sromalica. 
*~.f.yOni..  4jfr..  U.S.P. 

'K  Carjafit.,  B.P.— i.s  per  eent.    Do%f.  15  lo  y>  c.c,  W  to  1  ounce.  B.P. 
(«  Cityfk.,  U.S.P.,  B.P.;  Oil  ol  C1av«.— ilie  volatile  oil,  conAiitinit  moinl)- 
^to(taL)  of  cnpool.    Zliue,  o.j  ex.,  3  mininu,  U.S.P.1  o«3  to  o.iS  c.c.,  H  to  j 

f„^V*^.  b.S.P.— An  unaaitirMicd,  aromatic  phenol  (C.Ht.C.H..OCH/>H)  ohtalnH) 
"■w M  cloves  and  from  other  Murca.    Desr,  o.j  ex.,  a  minims,  U.S.P. 

KCiiwiI,,— Cedarwood  CKL 
..'fm atm»m*iiilU  (Ao.  Hamam.),  t'.S.P.;  11^.  llamAnt.,  B.P.;  Haminiclis  Water. 
**|fr  of  Hamawnrlls  (Wiuh  Uaxei,  Extractor  Witch  lUxel).— A  uilurated  aqueous 
"'wl* obtained  by  di»tSUng  with  Mcam  01  nalcr  ihe  bark.  Iwigs  and  kinaUer  Menu 
JU^MatUa  vbst&iftna  and  addlns  about  it  per  ccnl.  of  alcohol.  U.S. I*.  Clear  at 
■**■»»  iHihtly  jrclloobh  tiqdd  hAviag  a  charoeteristic  aroma  and  tasie. 

^  Ortfua. — OnKUium  oil. 

I*  riwN/.,  U.S!Pr<Oil  of  AUqike}.— A  volatile  oil  dit.tllkd  from  the  neatly  ripe 
n 
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(rnlt  of  Pimcnta  offidoalU  >-i«lduig  not  In*  than  65  per  cent,  of  ctigtnol. 
C.C.,  3  mintnu.  U.S. P. 

01.  Reinarini  (01.  Rosmar.),  U.S.P..  BJ".;  Oil  of  Rosemarj-.— DUliUcd  from 
freab  Bowcn  of  Rosmftrlniu  offidnnlU.    Dose,  0.1  c.c,  3  minisiti,  U.S.P. 

Sp.  Resmawi*..  B.P.— lopcrcent. 

Ol.'SucctnL-KXi.  of  Amber. 

(M-  Thymi,  U.S.P.;  01)  of  Thyme— DUtillcd  from  tbc  flowcriDs  plant  of  Thj-n 
wlsarit.    Dose,  0.1  C.C..  3  nunim*.  U.S.P. 

LiniHENTS 

CuUocoiu  IrrllimlB  arc  ii^uilly  employed  in  the  fonn  of  linjtnenu;  lU.,  In  tolnti 
or  MmsnoD  in  ml  or  alcohol.    The  ptoponioni  in  which  they  arc  UMd  arc  about  ) 

Ammonia  Water 

Tr,  Bc11aiJi>nna  or  Opium. 

S|urits  Chloroform 

Splrttt  Ether 

Spirits  Camphor 

Tr.  lodin 

Ti.  .\<onite 

Tr.  Capsicum 

Tr.  Canlhnrido 

Turpenline 

Sp.  Nn«pd» 

Utcntial  Oil* 

Croton  Oil  1   . .  „ 

Ciwwte  '  '•*» 

jDinPER  on. 

This  is  closely  allied  to  lurpcnlinc  (containing  pincn,  Ci«Hi«,  ar»  ^ 
cadinen,  C'lcHit) ;  but  il  lias  a  much  more  agreeable  flavor.  It  is  distJlles*' 
from  the  "berries,"  the  fruit,  ot  the  conifer,  juniperus  communis.  In  it»* 
form  of  "Holland  Gin"  or  its  official  substitute,  the  Spir.  Jiinip<'ris  Com^  'r 
it  is  an  oM-fa.-^hioned  diuretic  (Cow.,  iqii)  in  cardiac  and  hepatic  dropoe^* 
It  is  supposed  to  act  by  mild  irritution  of  the  kidneys.  Itsuscinncphnt.*^ 
therefore  requires  caution.  It  al^>o  has  some  reputation  as  emmenagogu^* 
O\'crdoscs  produce  poisoning,  similar  to  Savin. 

PREPAKATIONS — JUNIPEX 

Of.  Junittri  (OL  Junip.),  U.S.P..  B.P.;  Juniper  OU.— DiillUed  from  tbe  ripe  fmit  *>' 
lttiuperu«  eommunii.  Datt,o.i  c.c,  j  minimt,  U.S.P.; 0.03  too.i6c.c, Htojwinirr*'*' 
B.P. 

Sf.  Junif.,  U.S.P.— s  per  cent.    Z>we.  3  c.c,  30  minims,  U.S.P. 

Sp.  Jumf^  BJP, — 10  per  cent.    Doie,  0.3  lo  t.i  c.c.  s  to  10  mlnlmB,  B.P. 

Sf.  Jump.  Co.,  U.S.P.— 4  per  cortl.  of  Juniper  oil,  with  Carairav  and  FeuidcilA 
fa  70  pet  cenL  alcohol.    Similar  to  "  Holland  Gia."    Dott,  10  e.c.t  iH  dniBS,  VS.F- 

ECBOLIC  AMD  TOXIC  VOLATILE  OILS 

Actions. — Many  volatile  otl»  are  popularly  employed  as  emmeDagogatf^ 
and  ccboiics:  turpentine,  juniper,  savin,  rue,  pennyroyal,  tans)'  and  apiv^ 
They  produce  pelvic  congestion  through  intestinal  irritation.  A  mil^ 
degree  of  tbts  action  may  be  useful  in  delayed  and  painful  mcnstruatioK^ 
as  after  exposure  to  cola.  Abortion  occurs  only  with  toxic  doses;  indee-^ 
fata!  doses  are  not  always  effective.  Prochnow,  1911,  also  finds  a  stij;!* 
direct  action  on  the  excised  uterus.  Macht,  1913,  finds  the  conliacuo*^ 
inhibited,  never  stimulated. 
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Sario  (SoU'm)  and  Arbor  Vita  (Thuja)  aIm>  contain  volatile  oils  similar  to  turpen- 
tine but  much  mofc  toiu,-.  Suvia  oil  contutiit  pincn,  cadinen  and  Mbinol.  CiuHiiOH. 
Thiuj*  contains  pincn,  fi'nch»n,  and  thujon  ibomrrs  of  camphur,  and  liaviii);  similnr 
•CttOOS  (Uildcbrandt,  iQOi;  Matzcl,  igoj).  Paiauiui]^  has  uftcn  occurred  tiotn  Ihcit 
UM  as  abortiladenis. 

Tone  aTmpteniB from  oil  of  savin  arc  those  common  to  volatile  oils;  Humiii^.  nauKa, 
vomitiafc  colic  and  diarrhea,  somclimcs  bloody;  severe  conj^estion  ot  the  pelvic  orgnnE, 
EBCnMM  menstninl  How  and  sometimes  abortion;  hematuria  and  painful  miclurilion; 
nsCMttdoasncfS,  convulsions  and  com.t.  Death  may  occur  in  a  few  hours,  but  more 
olUa  slier  aeveral  dnys.     Six  drop?  are  Jaid  to  have  produced  toxic  offccis  (i^win). 

Fktty  dwencntion  ot  the  liver  und  of  other  oignn^i  iHriltcr,  iSo;;  Liiidemann, 
x8m)  i*  proouced  by  Urge  doses  ol  thcw  uiU.  especially  by  pulegun,  the  active  coiialilu- 
cat  of  pennyroyal;  and  also  by  the  oils  of  sissafran,  [oiiemary  and  tbyme. 

i^fcL— Two  drugs  arc  known  under  this  name:  "tirecn  Apiol,"  or  Oleoicsin  o( 
Parsley  Seed  (N.N.R.,  Olcotes.  Apii),  a  green  oilv  liquid.  Aiuro.j  to  i  c.c,  S  to  te 
Runims;  and  "Apiol"  proper,  N.N.K.,  " Crj'stalliyj.-d  AploI,"  "rarsley  Camphor, 
a  cr>-stn11inc  aromatic  derivative  e«ractcd  from  Ihe  oleorcsin.  dest,  o.i  to  0,3  dm., 
a  to  5  gr.  It  has  been  studied  b^  HcCFter,  1805.  Overdoses  (0.6  to  0.8  Gm.)  produce 
aiythmia,  incoordination,  digestive  disturbanci-s  and  /ever.  P'aial  poisoning,  with 
intestinal  s>Tnploms,  icterus,  and  uremia,  is  reportcil  by  Brrnot.  igi6. 

The  Apiols  arc  administered  in  capsules,  as  tmnienngogues  and  atitipyrclics.  The 
■Ctians  of  thf  different  npiols  do  not  seem  10  be  identical  (Lul*,  iijio}- 

Tnun>. — The  leaves  and  tops  of  'I'anncclum  vulgare  have  been  used  mainly  as  an- 
Ihelffiintk  against  Ascaris  and  Oxyuris.  iatemully,  0.5  to  1.5  Cm.  as  infusion,  twice  ■ 
day;  or  ai  enema  of  15:900.  Half  on  ounce  to  an  ounce  ol  the  oil  {which  con- 
tains tbujon)  has  produced  death  after  two  to  four  hours,  with  convulsions  and  uncoa- 
cdouneas. 

PmnyroT&L — The  leaves  and  lops  of  Hedeotna  pule^oides  arc  used  as  carminative, 
5  to  10  r.ra..  I  to  s  ounces,  as  infusion.  Ol.  llidnymir  (U. S.P.I  o.i  c.c,  j  minims;  a 
|f*v|j(H>nful  has  produced  eonvulsiona.  Its  active  consliiueot,  puUgon,  CidHhO  has 
been  :itudicd  byLindemann,  [809;  Falck;Hnd  Matzel.  1005. 

Absiothe. — The  herb  Artemisia  .\bsinthium.  contains  a  volatile  oil.  whose  chief 
COOMitucnt  \i  thujon.  CidTIiiO.     This  prodticos  etTecis  similar  to  camphor  (Tlildebrnndl, 

XI  and  1901;  Matiel.  1005).  The  lifjucurs  "absinthe"  and  "wtihon/A"  contains  this 
umI  alu>  aaiLe,  fennel,  and  others;  it  is  doubtful  what  pan  each  of  ibi-«r  and  the  alro- 
bol  {50  per  cent.)  plays  in  the  to^t  complex,  In  mammalE,  the  liqueur  produtca  trtm- 
cn  ana  epileptiform  convulsions  (Magnan.  1871).  In  man  overindulgence  causex 
"TI^'T  cdects  and  is  also  <aid  to  lead  to  mania. 

KmIBUI  Msooioc. — TliIs  i?  by  no  means  rare.     la  man  severe  symptoms  have 

«eeurrcd  from  one  to  one  and  one-half  nutmegs,  or  from  a  teaipuonful  of  powdered 

nocc.    Ttic  effects  appear  in  one  to  six  hours,  snd  are  mainly  narrotic,  vancd  by  ri- 

dtenent  and  delirium,  with  some  motor  stimulation  and  local  irritation;  Ilicy  usually 

end  in  recovery  in  twenty-four  hours.     Nutmeg  is  also  ecbolic.     Similar  effects  occur 

In  aninali.     Hcpnlic  necrosis  has  been  demonslrDled  in  cats  iTIale.  ii>0'>).     Ciishny 

^A  Wallace,  1008.  showed  that  the  uarcilic  ciiecl  is  produced  by  " myi-iiliciB."  the 

U|h-boiEiig  portion  of  the  volatile  oiL    The  oil  has  becu  investigated  chemiealiy  by 

nn*  and  Solvay,  190A. 

iianacto. — The  alkaloids  {setietin  and  tentrionrn)  of  S.  Jucobea  an<l  vulgaris  produce 
battle  l«dc  effects  resembling  those  ot  volatile  oils:  Hemorrhngcs  in  nbdominni  orgons, 
muriillythe  liver;  fatty  changes,  necrosis,  congestion,  and  hcpalii;  cirrhosis  (Cushny, 
)f)i.)  The  fluidextract  (10  to  jo  drops)  has  been  used  as  emmenagogue.  It  has  a 
^W"  ilepeeseni  cficct  on  the  excised  uterus  (Pilcher.  ipi6). 

Brimiiiin  Aututnnale.— This  contains  a  neutral  bitter  principle  (Reeb,  loio), 
wfch  b  MroDttly  irritant  to  mucous  membrane?,  Systemically.  it  stimulalei  respira- 
M  ind  directly  paralyzes  cardiac  and  other  muiiclc.  It  is  not  hemolytic  (LamMn, 
1»ijl. 

PXEPARATIONS — BCBOUC  AND    TOXIC  VOMITU.   OII.S 

f*ndim  Fntttu,  U.S.P.;  Parsley  Fruit.— The  diied  ripe  Iiuit  of  Pelruseliaum 
Hstu. 

Oktnt.  Pttftai.,  U.S.P.  (Liquid  .Apiol). —Evaporated  ethereal  extract  of  Parsley 
Sol   Dou,  o.s  c.c,  8  minims.  U.S.P. 

MjristiM,  U.S.P.,  B.P.  (Nutmeg).— The  ripe  seeds  ot  Myri»Uca  fragrans.  D^t, 
AjCB.,Sgr.,U.S.P. 
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01.  Myriil.,  U.S.P.,  It.P. — DUtiUcd  from  the  preceding.  Dose,  0.1  ex.,  3  infttimi, 
O^.K;  o.o^  10  0.18  cc,  >i  lo  3  minims,  B.P. 

Sp.  UyrisL,  B J*. — 10  per  cent.    Dost,  0.3  to  1.3  c.c.,  5  to  so  minim*,  BJP. 

VOLATOE  OnS  AND  OIEORESINS  EMPLOYED  W  URETHItmS  AltD 

CYSTITIS 

Members. — The  oil  of  Sandalwood  and  the  olcorcsins  of  Copaiba 
and  Cubeb,  and  Mntico  are  used  mainly  tis  urinary  antiseptics  in  gonor- 
rhea; Buchu  as  a.  diuretic  in  catarrhal  cystitis. 

Manner  of  Action.—l'he   oleoresin^  arc  natural  mixtures  of  reidna 
and  volatile  oils  rich  in  terpens  and  terpen  nicohols.    The  terpens  are 
excreted  as  glycuronic  compounds,   which   have  a  slight  but  distinct  ^ 
Bntiseptic  action  on  tht  urine.    Tht.*  is  much  less  than  that  of  hexiimcthy-  ' 
Icnamin;  but  it  has  the  advantage  that  it  is  not  a0ected  by  the  rcactioR  1 
of  the  urine  (Jordan,  191 1);  and  |iriiV)iibly  they  are  sriecifieally  more  effect- 
ive for  certain  bacteria.     The  gonococci  arc  not  killed   (Uruck,   1913); 
but  the  control  of  the  putrefactive  bacteria  presumably  puts  the  mucous 
membrane  in  a  bellcr  position  for  resistance.    The  re*in-acids  arc  mildly 
irritant.    The  urinary  passages  are  thus  kept  under  the  continuous  in- 
fluence of  the  antiseptic  terpens,  and  stimulated  to  repair  by  llie  renins. 
The  combination  seems  to  be  more  elective  than  cither  the  oils  or  the 
resins  administered  separately. 

Side  Actions.— The  gastro-intestinal  tract  is  also  irritated,  rciulling  in 
anorexia,  colic,  eructations,  and  diarrhea.  These  unpleasant  effects  are 
less  with  sandal  oil,  which  therefore  deserves  preference;  and  they  mav  l>c 
further  avoided  by  the  use  of  the  santalol  esters,  which  are  only  dissolved 
in  the  intestines.  Skin  eruptions,  scarlatinal  rashes,  etc.,  occur  in  some 
patients,  either  directly  or  from  the  digestive  disturbance.  Excessive 
closes  of  the  oils  produce  more  pronounced  irritation  of  the  entire  urinary 
tract,  with  kidney  pain,  albuminuria,  and  vesical  tenesmus.  Albuminuria 
may  be  simulated  by  the  precipitation  of  the  resin-adds  with  nitric  acid; 
to  be  distinguished  by  the  addition  of  alcohol,  which  dissolves  the  resins. 
Glycosuria  may  also  be  simulatetJ  by  the  glycuronic  acid. 

Therapeutic  Uses.— These  drugs  are  employed  mainly  in  subacute  or 
chronic  gonorrhea,  as  adjuvants  of  ihe  local  treatment.  They  should  not 
be  used  in  the  acute  stage,  since  they  would  increase  the  irritation.  They 
are  best  administered  in  capsultis,  on  a  full  stomach,  to  avoid  gastric 
irritation.  Cubcba  is  sometimes  used  in  bronchitis;  and  Buchu  as  a 
diuretic. 


PREPAR.\TI0N8— VOLATaE  OHS  USED  A0AIN8T  GEKITO-tTKINAltY 
IKPLAinCATION 

Buehu.  U.S.P.  (Buchu  Fol..  B.P.);  Buchu.— The:  dried  Uavn  of  Baroima  l>rlullB» 
(also  of  B.  MTralifolia,  U.S.P.).  Contoinx  volatile  oil,  glucuiid.  bitter  pdndple.  etc 
0OM,  1  Gm..  30  ar..  U.S.P,;  best  us  infufinn, 

Inf.  Jiufku.,  B.P.— s  per  cent.     Dtist.  30  lo  60  c.c.,  i  to  i  ounces  B.P, 

fldrxl.  Bufhu,  U.S,  P.— /)«!*•,  2  c-C,  30  minim*,  U.S.P. 

Tr.  Buthu,  fl.P.~30  per  cent.     Dele.  »  to  4  c-c,  M  to  1  Artaa,  B.P. 

"  Cnpjibti  (Copnib.),  U.S.P.,  B.P.  (Balsaniof  Copalva). — Anoleoreiin  derived  from 
South  Amcrk-un  »j>(M.-io«  or  Copaibit.  Contoinn  volatile  oil  and  resin  (copaivic  neid). 
Pale  yellow  lo  brownish  yellow,  more  or  lt«  viwid  liituid,  either  without  fiuorocencc 
Of  wilh  only  n  tlighlly  greenish  fluorescence;  havini;  a  peculiar  ftroBialic  odor,  uid  a 

K^riiialenl.  bitter  and  acrid  taste     Injol.  in  water,  partly  sol.  in  ale.,  tredy  »oI.  in  oils. 
aif.  1  cc,  15  minimi,  U.S.P.;!  l0  4C.c.,>j  lo  1  dram,  B.P.;  in  ciip»ulc«ot  pilb  (wilfa 
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The  vaHouB  "L&Uyeltc,"  "Chapman"   and  simiUr  nuitutet  ue   ua- 

OL  Ccp»ib.,  B.  P.— Diilillcd  from  the  preceding,  thnt,  a.s  Co  i.i  C.c,  5  to  to 
in^nifw*   B.p, 

CuM*.  U.S.P.1  Cubcb.  Fnict.,  B.P.:  Cubcb.^Thc  dried,  full'grown,  tinripe  (mitt 
of  Plp«r  Cttbrba.  Conutins  volaulc  oil  and  rmln  (cubcbic  add).  Dost,  1  Cm.,  ij 
gr..  U.S,P.;  I  to  4  Cm..  30  lo  60  gr..  B,P. 

Olnrts.  Cubcb^  U.S.P. — An  evaporated  alcoholic  extract.  Dott,  0.5  dm.,  S  gf^ 
V.S.P. 

W.  Cmbd,.,  U.S.P..  B.P.— The  distilled  oil.  Dose,  0.5  ex.,  8  miniiu.  U.S.P.;  0.3 
to  i.t  cc,  5  to  to  minims.  B.P. 

Tr.  ChA^.,  B.P.— 20  pet  cent.     Wowr,  3  to  4  c.c,  \i  (o  )  dfam.  B.P. 

Tnck.  CuM..  U.S.P.— 0.01  Gm..  3  sr. 

Km*  Rkh.,  B.  P. — Vtora  Piper  mflhystieum. 

Ext.  K«ttr  Lij.,  B.P.— Dmi-,  2  to  4  cc,  '-^j  lo  1  dnm,  B.P. 

U«lkv. — Tlw  leaves  o[  Piper  anguslifuiium. 

Sahal,  U.S.  P,  (Saw  pBlmclto). — Tlie  partially  dried,  ripe  fruit  of  ScrcnoaumiUta. 
Statements  tA  to  prrtrnci:  of  .ilkfiloii:|6  anii  volatile  oils  arc  ciMitrBdictory.  Has  b«<rn 
Lttsed  as  oulrilivc  Ionic,  alletative,  in  respiratury  diauMes,  digealive  dinlurbniure*,  a* 
lapbrodii^iac,  etc.    Of  very  doubtful  viluc.     Dosf,  1  Gm.,  15  gr.,  U.S.P. 

PUaa.  Stbat.,  VS-P.—Poj'-,  i  c.c,  15  minims,  U.S.P. 

•  OUmm  Sanlali  (01.  SanUt.).  VS.l'..  B  P.;  Sandal  03.— DistiUed  (torn  ihe  wood  of 
SutWllWl  album.  A  pale  yellow,  somewhat  thick  liquid;  pccutior  aromatic  odor, 
pky  Uste.^  Readily  «ol.  In  a)c.  Dosi,  0,5  cx^  8  mioinM,  U.S.P.*,  0.3  to  1.8  c.c, 
;  to  30  Bihiimf,  B.P. 

5aii/d/0ii'>rrriiUiKi.^SRndaloilcontiit*ahieily  (90 percent.^  of  lantalol,  Ci»H^, 
a  mixture  of  tno  »etqu  ileriH'n  alcohoU.  It  !«  uiwi\  in  The  form  of  iin  carbonir  Mler 
^arbosant.  Sanlalolis  Cnrbonai.  N.N.R.).  and  of  its  uilicylic  ester  (Sunfjif,  N.N.R.). 
■  arc  oily  liquid:*,  olmoil  without  odor  ur  tatte.     Doit,  0.5  c.c.  three  timet  daily. 

BALSAMS 

BaL<iams  (Peru,  benzoin,  tolu,  slorax)  are  oleor»ins  containing  cin- 
namic  and  benzoic  acids.  The  oils  act  as  antiseptics;  the  oils  and  resins 
are  mildly  irritant,  stimulating  repair;  and  the  resins  furnish  local  protec- 
tion and  thu^  altay  inflammation.  Tliu  halsama  are  iherefore  employe*! 
in  chronic  inflammations  of  mucous  membrants  (bronchitis)  and  of  the 
akin  (eczema  and  prurittis);  and  to  promote  the  healing  of  ulcers  and 
wounds.  Myrrh  acts  similarly.  The  b;ilwim*  are  also  nscd  locally  <tKainst 
acabies,  destroying  the  acarus  and  their  ova.  Peru  balsam  is  employed 
locallv  and  inltrnally  for  tuberculosis  (for  intravenou.><  use,  see  "Cinnamic 
Acid  ').  Its  internal  administration  is  of  doubtful  utility,  as  is  also  the 
,  internal  use  of  other  balsams  in  bronchitis.  Even  large  doses  of  the  bal- 
MDR  do  not  produce  albuminuria  (Stockman,  1891). 


PREPARATIONS — BALSAUS 

Bttu^inmm,  U.S.P..  B.P.;  Benxoin  (Cum  Benjamin). — A  brUsamic  re«n  obtsinn) 
frotn  Styrax  Bciuoio  and  other  species  growing  in  the  F.uit  TndlcR.  Doie,  t  Gm.,  tj 
gr..  O.S.P. 

Tr.  Btm.,  U.S.P. — soper  cent.    Dose,  i  cc,  15  minims,  U.S.P. 
Tintlura  Bauaini  Composito  (Tr.  Ben*.  Co.:  Tr.  Benzoin.  Co.),  U.S.P.,  B.P.; 

Bpound  Tincture  of  Benzoin  (Kriars'  BalstLro,  TudJnglon's  BAlfAm). — 10  per  cent, 
at  Bc&Min,  with  Aloe),  Storax,  and  Tolu.  in  atcohul.  Vait,  1  c.c,  30  minimi.  U.S. I*.; 
I  lo  4  c.c,  }{  to  1  drain,  B.P.,  as  ttimuUnI  cipectomnt;  ox  inbnlanl,  tcatpoonful  to 
cup  oif  batlinit  water;  «tcrnall>',  mivcd  uviih  til y ''fin  or  water,  as  lotion  for  rh.ipped 
huda.     The  orieinal  formula  wa«  much  mure  complex. 

"  BtttammKPcrutiaaum  (BbU.  Pcnii-.),  U.S.P..  B.P.;  BnlMun  of  Peru.— .-V  bnlsnm 
obtained  from  Toluiferii  Ptrcirn;,  Central  Anicric»  (nol  from  Peru);  often  adulterated. 
Dark  brown,  riicid  liquid  u(  agmable  vanillu  udur  and  persistent  bitter  acrid  taste. 
Tredy  «al.  tn  ale  Dott,  0.3  to  t  Gm.,  ;  to  15  minimi,  B.P.  Externally  on  lint;  ta 
'  »,  inunction  of  1  to  3  Gm.,  four  to  fiix  times  in  the  day. 


ISO 


UANUAL  OF   PHARMACOLOGY 


i'Jyriii,U^.P.;Slyra)cPrut|>.,B.l'-;Sionu.— AbalnnmobUimedfroiiithc  wood  ukd 
inner  batk  of  Liquidumbur  oricntnlit.     Dose,  i  tira.,  ij  gr.,  U.S.P. 

tlaltamum  TelMnnum  (Bftls.Tolu.),  I',  S.  P.,  B,  P.i  Balsnixi  of  Tolu. — AluUain«^j 
taiDcd  from  Toluifcra  Balsamum.     A  yvilnwiih-brown  or  brown.  plutioolid.becQB 
brittle  u'licn  old.  dricii,  or  exposci  to  cold^  pIcusinK.  aromatic  odor,  tncmbUns  tlwt  i 
vanilla;  mild,  atomntic  tnsle.     Sol.  in  alt.     Dost.  0.3  to  1  Gm.,  <  to  'S«'-.  B-P- 

Tr.  Tnlii,,  I'.S.P.^io  per  cent,  in  nicohol.     IJase,  1  cc-,  3  mlnimg,  U.S.P, 

Tr.  Talut.,  B.P.— 10  per  cent.     Dme,  1  to  4  c.C,  W  to  1  ilrsm.  B.P. 

CSyr.  Tolul.,  VS.l'.,  B.P.;  s*t  Index.) 

PREPAKATIONS — ^ABOUATIC  RKSXNS 

Atumoniacum,  B.P. — Gum  resin  csud*^d  ftom  stem  <it  l>orcma  spcoes.  Dos^  0.3 
to  t  Gm.,  s  to  ij  Rr.  B.P, 

Mill.  Ammoniac,  B.P. — 5  pet  cent.     Deit,  ij  to  30  ex.,  5^  to  1  ounca,  B.P. 

Galbnnutn. — ^Gum-resiii  from  Ferula  gilbtnlfluit.    Dott,  o.j  to  1  Gm,.  4  to  ij  Kt-, ' 
B,P-C. 

MasSichf,  Mastic. — Resinous  exudation  from  Fiitoda  Lcntiwus.  .\d  ethereal  k>)u- 
tlon  is  used  a»  a  skin-v»rriish  (Merck's  Rrp.,  17:3)4). 

Mytrha,  U.S. P.,  B.P.;  Myrrli. — Gum-resin  from  CommiphotB  ipcdc*.  Dote, 
O-S  Gm.,  8  gr.,  U.5.P.;  Oi.j  to  i  Gm.,  5  to  i  S  gt..  B.P.,  oi  carminative.  Was  ubrd  by  the 
Ancients  as  Jnecnsi;  in  religious  ceremonirai  and  by  the  Bg>pliaDS  In  embsbniait,  ia 
combination  with  spices. 

*  Tr.  Myrrh.,  U.S.P.,  B.P. — 30  p«r  cent,  in  alcohol.  Dose,  i  tc.,  iJ  mininM, 
U.S.P.;  1  to4C-c.,  >4  to  1  dram,  B.P,  Used  especially  at  mouth  wuh  (1:15}  la  ■loowtl- 
tis  and  pharyngitis;  as  a  lotion,  i:;  or  10. 

PKEPARATIOMS — BESINODS   DRUC» 

Ethinaeea. — The  root  ol  Ekhinscci  angustlFoliit  (Purple  Cone  Flower).    It  coauitu 
Tains.,  and  no  alkaloids  (Keyl  and  Stali-y,  1014],     Several  proprietary'  ptcparaliaaaj 
haw  been  praised  for  sislagoguc.  diaphoreiic,  Bntiseptic,  fiimulant,  and  general  alb 
live  effects  (Lloyd.  KJ04;  Madden,  1005);  but  no  Kood  evidence  of  its  value  hai  been  ' 
published  and   the  claims   appear  extravagant  (J.  A.  M.  A.,  Nov.  aj,  1909).     Datt, 
I  toi  Gm.,  15  toaogr, 

Gritiidia.  U.S.P,.  B.P. — The  dried  leaves  and  flowering  tops  of  Giindetia  campurum 
(also  Grindelia  squarrosa,  U.S.P.).  Contains  an  amorphous  resin  (probably  the  active 
principle),  sugars,  proteins,  tannin,  and  a  vcr>'  small  i|u,'kntiiy  of  volatile  oil.  no  t 
or  alkaloid  (Power  and  Tu  tin,  iijo;),  Itisaoid  torelau  ihemuscularcuatsof  the) 
and  diminish  the  excretion  of  mucus,  tt  is  therefore  used  in  asthma  and  broodiitu. 
Pose.  1  Gm..  30  gr.,  U.S.P. 

FtdfM.  Griidrl.,  U.S.P.;  F.xl.  Ctirtdtl.  Liq.,  B.P.— Poie.  )  cc.  30  minims,  U.S.P.; 
0.6  to  I  1  cc,  10  to  )o  minims.  B.P.     Al«)  employed  locoUy  in  ivy  poiwning. 

Pyrnknim.  U.S.P.;  Pyrelh,  Rad,,  B.P,  (Pcllilory),— The  dried  root  of  Anacycliu 
Pyrcthrum.  Chewed  as  sialugogue  and  axalnsl  toothache.  Dote,  a  Gb).,  ya  ft. 
VS.P. 

Tr.  Pyrtth..  U.S.P..  It.I',— jo  |mt  ctnl. 


INSECTICIDES 

Certain  volatile  oils,  or  drugs  coniaining  them,  are  UMd  (0  kill  or  repel  tiotioui 
Insects,  5uch  as  hiesquUoes,  Roathei.  Flits,  etc.  "Insect  Powder"  (the  powdered 
flowers  of  Pyrethium  species — Persian  Powder — and  of  Chr>-santhcmum  cinciori*- 
folium— Dalmatian  Powder};  Eucal>ptus,  Menthol,  Eiigerou,  Cedar,  and  L,avctjdtf 
may  be  cited.  (Roach  powders  commonly  contain  borai;  ai^cnic  is  efficient,  but  daofcr- 
ous:  White  Hellebore  is  also  poisonous.)  Naphthalin  and  Camphor  are  axed  oguastJ 
motki. 

Pediculosis. — The  experiences  of  the  war  have  peatly  revived  the  interest  in  iiuecti- 
cides   KK'itin^t    These   parasites.     Mercury,    staphisa^tia,,   pheitol,  etc.,   arc   effective 
aaainit  limited  infections;  but  they  are  too  toxic  and  irritant  for  extensive  applicalioa.  , 
Naphthalin  and  lolntile  oils  stupefy  and  imndyic  the  parasitn,  but  tfaey  are  likely  lO'j 
recover  subiequcDtly.    j\cid&  are  dc&citely  fatal.    Sulphur  dioiid  ii  eScctm  ddwO' 
Lent.  191;). 


NON-VOLATILE  OROANrC  IRRITANTS 
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MUSTARD  Oa 

Actioos  and  Uses. — ^The  volatile  oil  which  is  developed  from  bl&dcmiu* 
tud  on  contact  with  water,  produces  a  more  prompt,  more  violent,  and 
more  penetrating  irritation  than  the  other  volatile  oils.  Mustard  prepara- 
tions are  extensively  used  for  counterirritation,  but  care  must  be  taken  to 
stop  the  application  when  marked  tingling  is  felt,  or  there  may  be  vesication 
ana  even  ulceration.  Internally,  mustard  is  used  as  a  condiment;  larger 
doses  (i  to  4  5  in  a  tumbler  of  warm  water)  produce  vomiting;  slill  larger 
doses  cause  \-iolcnt  gas tro- intestinal  irritation.  Boiling  water  prevents 
the  development  of  ihe  oil  by  destroying  the  ferment. 

Campositum.— \'olaiilc  oil  of  raustani  (itUyl  iso-ihlocysnaic,  CiHiNCS)  is  ilcrived 
from  bUck  mustard  by  the  action  of  u  ferment,  myrosin,  on  the  ^lucosid  sinigriH  ' 
(potasmnm  niyroDAtc).    The  latter  itself  is  not  irrituit.    Muitnrd  seed  olsu  cont«ins 
about  15  per  ccnl.  of  bUnd  fixtd  oil. 

Whitr  muslarit  (runlains  n.  limilar  ferment  and  glucniid,  iliutlbin,  which  yields  an  \ 
auUgous  oil,  ocrinvi  iw-chiocyanatc.     Much  loui  volnlile  oil  in  liheratcd  than  with  I 
faluk  muttard.    Wnitc  mutlnrd  seeds  have  a  calhartk  action,  due  to  ibi-  liberation  of 
HiS  oa  contact  with  water.    XJirgc  doses  may  produce  aulpliid  {>oisonin|;,  with  cyanosis, 
etc.  (van  Ledum,  1916). 

Similar  tidphur-containint  aih  arc  (ormid  io  other  cruciferous  planU,  such  at  hont- 
radUh,  radish.  cres«;  and  in  onion.  Eailic.  elc. 

PUntii  containing  mustard  oil  (Bursa  pastorii)  stimulate  the  contraction*  of  the 
•SCMcd  uterus  (Urorlicr.  1915). 


PREPARyVnONS — MUSTARD 

Arauratia  Radix,  B.P. — Fiesh  Horseradish  Root. 
Sf.  Armm.  Co.,  B.P.—Doxe,  4  to  8  c.C.  i  to  2  dnuns,  B.P. 

Smapit  Alba  (Sinap.  Mh.),  U.S.P.;  White  Mustard.— The  ripe  seeds  of  Sioapia 
attw.    iMtt,  as  cnielic,  10  Cm.,  itj  drams,  U.S.P.,  of  the  powder,  id  tepid  water. 

"  SiiMfi*  yipa  (Sinap.  Nig.),  U.S. P.;  Black  MuaUrd.^Thc  ripe  seeds  of  Bntsaca 
nigra.  Ikut,  as  emetic,  10  Gm.,  1^4  drams,  U-S.P.,  of  thi^  powder,  in  tepid  water. 
Pttwdcred  mustard  is  applied  as  a  potulict,  mixed  (vtlh  .1  Io  10  ports  of  flour  and  enou^ 
vaUr  la  malie  a  paste;  it  may  aJso  be  sprinkled  on  the  surface  of  the  ordinary  Unseed 
pewlticc.  It  it  witA  la  feolbatks  lor  preventing  colds  (i  10  1  ounces  to  a  gallonj;  and  in 
SHKod  baths  lor  inFanlile  coma  (larsc  tablctpoonful  to  small  bath). 

' Bmplatlriim  Sina^sis  (Emp.  Sinap.).  liSP.;  Mustard  Plaster  (Charts  Sinopis, 
UnMard  Papcr),^A  mixture  of  de-oleated  black  mustard  and  rubber,  unifonnly  mixed 
•J*  tprcad  on  paper,  cotton  doth  or  other  fabric.  Mustard  plaster  is  moistened 
tMiDocUy  with  warm  (not  hot)  water,  and  applied  to  the  skin  for  Aftecn  to  thirty 
ninntt*. 

'OUuiH  Sinusal  VolatiU  (Ol.  Sinap.  Vol.).  U.S. P.,  B.P.;  Oil  of  Mustard,— A  volatile 
WBwduced  symheticallj' or  obtained  from  the  seed  of  Brasslca  nigra,  consisting  chiefly 
«ul)r|isi>.|hiocyanaic  (CiHiSCN).  l^lorless  or  pale  yellow, strongly  refractive  liquid, 
■adej  a  very  puuKect  and  acrid  odor  and  taste.  Dose,  0.008  c.c,  H  minim,  U.S.P, 
I'tuv  be  lued  as  counierirritant  in  i\o  '"^  *  P"  cent,  solution  in  50  per  cent,  alcohol 

tJm.Simap.,  B.P. — 3.J  per  cent,  of  Ol.  sin»p.,  j.j  per  cent,  of  Camphor. 


RON-VOLATILE  ORGANIC  IRRITANTS 

A  number  o(  fixed  otgaaic  drugs  also  act  us  local  irriunts.  The  most  important  of 
"KM  it  cftothaiidin.  Capiicum,  euphorbia,  poison  ivy,  and  croton  oil,  the  "acrid 
fRBOplcs"  of  certain  fresh  plants,  cspecuLlly  ol  the  family  of  Ranunculaccx.e-lc.aiay 
jJWaoicd  in  this  group.  They  owe  their  activity  to  neutral,  rt^^inous,  or  oily  princi- 
>**■  Some  b«n«»r  dcrl\'ati*ts— chrysopbanic  acid,  resordn,  pvrogallol,  ctt — have  a 
■Bdhr  action,  so  also  do  some  of  the  toxins  and  the  poison  of  bea  (Kaust,  1910), 


isa 


HASVMTOr   PHARl 


CAHTHARIDIN 

Actions  and  Uses-^Cantharidw  (Spanish  Flies)  are  UMct  for  v«ica- 
tion  and  for  prolonged  countcrirritation  in  pleurisy,  nvurulgic  and  rheu- 
matic pains,  etc.  The  irritation  U  active,  hut  the  jienetratiou  slow,  *o 
that  the  effects  arc  gradual,  with  only  moderate  pain,  and  without  tnvotv- 
ment  of  the  deeper  layers  of  the  skin.  The  blisters  therefore  heal  readily 
and  without  scar.  On  ntucous  membranes  and  open  vrounds,  the  effects 
arc  more  sc^'ere,  leading  to  local  necrosis,  and  slowly  healinn;,  suppuratin|C 
ulcers.  Internally,  cantharis  is  highly  toxic  by  gastroentcntis  and  nrph' 
litis;  even  the  absorption  from  a  large  blister  may  cause  severe  irrita- 
tion of  the  kidneys  and  urinary  passages.  It  is  therefore  contraindicalcH 
in  nephritis,  and  should  never  be  used  internally,  although  it  was  formerly 
employed  as  a  diuretic. 

Orl^  of  CuittiBridin. — Cintkaildln  (>  a  cryttalltnc  prinripic,  ihe  anh)-)Irid  oi 
unthoriilic  aci<t.  It  combines  readily  with  allulics,  fonrnni:  wlubic  nils.  The*' 
produce  the  snmc  toca.1  and  systemic  actionii.  Canlhsridln  U  coatjuacd  in  a  niunbrr  o* 
lateci*.  cspfcblly  beetles.  A  slmiliir  «uti«t*ncc  nlsls  alM  !n  Mxne  cstMpllhn.  It  I* 
prucnt  in  varying  ainounl.  ev«n  in  the  lame  specie*.  It  m*  isolated  by  Rofaique'  >■* 
tit)}  from  the  SpnnUh  "Fly"  (a  beetle — ranthari*  or  Lytu  vcucatoria).  It  u  con- 
tained ia  ihc  toft  paits.  particularly  the  blood. 

Canthniis  was  recommcrnicd  by  Ilipjiocmtes  in  dropsy  and  amenorrliea;  it  •uvety 
]>opulnr  in  the  days  of  heroic  mciir-tiion. 

AbmrpUoa  and  EzcrotlOD.— Cimlmridm  is  readily  tbwrhed  Itom  all  Mrfacm  t^'C" 
from  the  akin.  It  It  excreted  mainly-  by  the  kidnc>-s  (Ellaschoff);  but  sil>C«  It  iiritaU* 
the  gmlm-inlcttinal  trnct  when  bjccti-il  hypodcrmiailly.  lotne  must  be  cxcrctMl  bf 
tlxiscluKTTcI. 

Symptoms  of  Poisoning. — When  cantharii  b  tolcen  by  mouth,  it  prodocti  Mccea** 
Ivrly:  burning  in  the  mouth,  thint,  difiiculty  in  iwallowing,  swcUinc  and  hlisIerliC 
of  the  toague;  nllvalion.  nautea,  vomltinK,  cutic,  and  MmeluUM  tdoody  diarrbn  ■(» 
ienesmu:i.  The  ^ostro- intestinal  symptoms  may  be  less  pronounced  in  rapid  pcasio*'' 
inje.  Kidney  pmn,  Ijurninf;  in  iirelhrn.  freijoenl  mlcturilinn,  altitimlnnria,  <*'**■ 
hnnaturiai  painful  elections,  abortion.  Weak  and  tlow  pulie.  chill,  lynoope  and  e<M- 
Ikmc  Reoovoy  may  occur  in  about  live  days,  the  urine  returning  to  normaL  l"^*- 
cu«cU  have  been  produced  by  0.6  Cm.;  death  by  i.j  10  3.0  Cm,,  but  recovery  hu  jd'^ 
occurrwl  from  much  laixer  doses.    Of  ontharidm.  10  mg.  !s  uid  to  be  fatal. 

Central  Actional — When  injected  into  the  circulation,  cantharidin  affects  tbe  '"^z^ 
nfrveus  lytfm.  producing  »hort  stimulation,  excitement,  and  incrtucd  rcfleie,  f'' 
lowed  by  paralytic  symplome.  coma.  etc. 

This  cenlrnl  action  is  not  often  seen.  heinR  obscured  by  gosttocnlcritia  or  aepW**- 

The  Treatment  of  Poisoning.— I  hi*  would  con^t  of  stMric  lavaffe,  dcawlceat** 
opiatr;,  ut):a)i("i  ;iiid  pIcMly  u(  lluid,  beat  to  the  K33tHe  and  renal  refton,  and  T»r* 
baths.      No  oUi  or  (liIi.  should  be  Riven.  I, 

Cantharidin  nephritis. ^Thc  kidnc}'*  are  eiiremcly  M-nxitive  to  cantharidia.  Ss'*'' 
doH*  act  enlirtly  on  the  clomcruli,  which  arc  rnormo'u»lv  dilalcdi  numerous  tracoCT^"* 
are  found  in  Bowman's  capsule.  The  urine  becomes  afbuminous  within  half  aa  bo^ 
after  *ubcutaneoiu  injection.  The  unnllcst  doses  incKAse  ita  amount,  while  LuV' 
doMS  diminish  it.  The  epithelium  of  the  convoluted  tubule*  Is  only  affected  by  \miiP 
d0M9,  and  rstlm  late  m  the  course  of  the  poisoning.  The  inlcrstitlul  iImuc  «cap** 
cfltttdy  in  the  acute  intoxication,  and  is  but  slightly  changed  c^'en  in  the  subacute  l^n" 
(MOrsct,  tfsf'b;  l.yon,  1904;  Kichirr  and  Roth;  Schlayvi  and  Ilcdiogcf,  1907;  ft**^ 
1913).  The  excccUoo  of  plithalcin  is  deia>'ed  (Hisenbrcy,  iQti>i  the  Don-pra(^ 
nitroBcn  of  the  blood  is  incieased  (t'oUn,  Kanner  and  Denis,  tyii)-  _ 

Bopatlc  Chance*  and  Bdema. — These  at*  seen  in  dogs  with  fatal  itosM.    Op^ 
igii.  fuund  librinous  clots  in  the  lymph  nodes  of  tbc  hepatic  region,  around  the  b^BF'* 
'ccUl  and  conidden  their  obstruction  rcspooNble  for  the  edema.    In  tbieir  ibMBCA 
thcurmph  How  is  inctcoKd  independent  of  the  renal  changes. 

Hadal  T«lenuici«.— The  hetlgehog,  chicken,  and  duck  are  remarkably  tohnni  *^ 
the  nephritic  action  (Ellinger,  iQoo).  This  is  not  due  to  differences  in  thie  ab*orpti'>^ 
not  to  deetrvctlon  of  the  poison,  for  the  cantharidin  is  found  in  ibe  urine,  juU  as  it  *^ 
in  susceptible  animals.  Nor  arc  thetc  animals  immune  to  other  nephritic  poiw*^ 
The  immunity  10  cantharidcs  u  alto  only  partial)  even  a  single  injectton  of  a  Ui^  do** 
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_  I  diMilUC  ncphritu.  Hut  taking  the  Ulol  <lotc  for  man  (jo  mg.  by  (totnncli)  m  Ihc 
it,  that  lot  the  MB)o  wcijtlit  of  hcdsahog  Ut*  about  3,000.  I-*ur  tbe  dog  and  rat  it  in 
out  i.<  (■  ms.  ptT  kilo);  for  the  nltbil,  uboul  45. 

liib  TiMimWty  to  the  nephritic  action  do«t  n6t  confer  Immunity  lu  tlic  tocul  »t'iioci 

eh*  ikin.    In  thi*  rnpccl,  the  hedgehos  a  even  mote  »tuccptible  thBD  tbe  rabbit, 

ich  bltcr  inlmal  is  KlniO(>t  biiuune  to  tne  cuiati«ou*  action.    The  ticphritic  action 

pa  iifnfrl  by  rendcriog  the  urine  aUalinc  tElItngiT,  t9oO.     In  l)ir  rooster,  cactbaridio 

(  chki^M  IB  the  comb,  mnalogoas  to  those  produced  by  ergot.    Frogs  ire  not 

pUblv. 

Other  Vesicants. — When  canUuirU  is  coiUraindkaled — e.g.,  in  case* 
inAftmmaiion  of  the  urinary  passages — it  is  usuitlly  replaced  by  ammonia 
te-r  or  chlorofortn,  wlttch  aUo  produce  a  vesicant  aclion  if  their  tvapora- 
o  is  prevented,  as  by  covering  the  point  of  application  by  a  thimble, 
are  rather  more  rapid  in  aclion,  but  much  more  painful  than  Qy 
Uster,  and  arc,  therefore,  avoided,  if  passible.  lodin,  crolon  oil,  and 
BBstard  have  aUo  been  tiiiecl,  but  act  too  deeply. 

Ceatraindicatloas  to  Veskatioa. — Blisters  In  general  are  ctfittraindi' 
ukd  in  people  of  feeble  coodition,  since  the>-  may  then  lead  to  ulccraticm. 
Whenibcy  arc  employed  for  eounterirritation,  they  should  not  be arolicd 
dimUy  over  the  infiamcd  part,  but  at  some  distance  from  it.  They 
trigltt  olherwUe  render  the  inflammation  more  violent. 

illi|n(ia — Canthaji*  a  used  in  the  treatment  of  baldnets,  in  the  form  o(  tincture, 
verypettly  diluted  with  alcohol. 

Tmfmimt  o(  ImpOMAOa. — Many  drus*  have  been  employed  for  Ihit  pur7>o«r,  but 
■>  bmMoe  conccniing  them  b  itlll  vrry  meager.  Cjnlkarii  a  one  of  the  axon  cer- 
l)ia  K(iQ|  throuyh  rcfiei  itritntion  irtaa  the  uiclbrnt  ihiicouk  membrane.  It  h,  how- 
mt,  <ptle  duKerow.  aince  rfftclive  doitn  nre  apt  K>  set  up  coDsiderable  Bephritlt. 
llnv  ut««Ua(  Mb  act  in  the  Mrae  manner,  aad  oic  at  once  leM  dongeroui  and  leu  active. 
BiwMadK.  e^.,  Jamtaw,  (fMKXf ,  miitt,  (oHk,  etc.,  and  poisibly  Mmphot,  Slry^hnii 
■  llM^t  to  DC  elective  by  raiaini;  the  tone  of  (be  spinal  centers.  Pkoiphonu  and 
••■fcrtjoy  some  tvputiillon.  li  ibcy  nic  cflcf  live  at  all.  il  mint  be  through  improve. 
MX  la  the  general  condition  of  Ihc  pxticnt.  AUvktit,  morpkin.  nmnahii.  and  other 
■RMiciKl  H  Kphioduiftci  by  iitimuuiiing  the  imagination.  Yohiminn  ha«  a  tpccific 
■te  The  t>Mt  treatment  for  impotence  contbts,  of  oourM.  la  the  removal  of  the 
ttatiod  inprovctncnt  in  thn  grncnl  health  of  the  patient  by  appropriate  hygiene. 

PBEPAJIATIONS — CANTTIARIDKS 

CiuUi«  (Canthar.),  U.S.P.;  Cantharide*  (Spanish  FKm,  Ruisiaa  Fliwj.-'The 
■|U  beetle,  C-anibarit  vctkalotia.  Contains  cantbaridja,  0.4  to  t  pci  cent-  (not  let* 
■WaaApTf  ccni..  U.S.P.)  vnlatik  and  Und  oQ,  etc.    Maximal  doic,  0.0 j  Cm.,  1  gr. 

Ctrtt.  CtHthitt..  U.S.P.  (Ulistering  Cerate). — js  per  cent,  of  Cimtharidn. 

'EmtlMintm  CatUMaridU  <Emp.  Canlhar.),  U.S.P.',  Cactharidta  Plaatcr.— Prc> 
IJmI  fajF  i|ii«ading  caalharidcs  cerate  upon  rotin  nUKtcT,  leaving  a  muigia  around  the 
*^  Cachtquareoentimeterof  twreadplasteriihouldcontaino.i  Gm. of  atatharidn 
^afc  It  miuliM  from  ux  to  tea  noun  to  raiic  a  hlitlcr.  according  to  the  thickncM 
jlfatBa.  it]  content  in  fal,  and  pr^ably  alw  Individual  suKcpilbUicy.  Since  rso- 
yfc  b  Inaoliible  in  water,  it  i*  wdl  that  the  tkin  be  rather  gtensy,  to  facilitate  it* 
U*il^dMi.  Tke  plaatcr  adbem  very  poorly,  and  must  uwally  b*  fixed  with  adhesive 
Wa.  When  Ihe  blister  has  ■ppeartel,  the  plaster  should  be  carefully  rereo^-ed  wflh- 
j^iyuring  the  veucle.  The  Utter  a  then  pjcrced  and  drcMcd  with  an  ointmenL 
^mmu  fnrlhcT  pain,  irritation,  or  infcxtlon.  By  a  "flybg  blister"  Is  mcafll  B 
ys  ft  tmall  biblen  talsMl  along  tbe  course  of  a  serve  by  the  application  of 
*!MiTe  plasien. 

„  CriW.  C*Mk.,  U.S.P.  (BKtKring  Collodion,  Veticatlag  CoUodium).— «  per  cent. 
ui^aiidM  In  Flexible  CollodioB. 

J*-  Cmtihat.,  U.S.P— to  pet  cent.    t><Mt,  0.1  ex.. iM rainun*.    Maxiinal. 0.5'c.c. 
'■■InL    Uaybeaildtd  to  liniiiienl*topralongthctrMcalactioB:in  hair  lotion*,  1:50. 

CwtartfianM.  B.P-i  Ct*H>(0<.— Obtained  TioHi  various  specl«  of  Canlharis  and 
"llbfarls,    Cokirl«9*,glaUentng  crystals;  Doodor.    Very  slightly  m1.  in  wain  or  «lc.| 
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more  M)l.  in  cMoraf.,  ethrr  or  oils.     Canihuridin,  o.oc  to  i  mg.  la  a  drop  el  oO,  i 
covered  with  nmpic  plaster,  may  be  cmployrrl  a.;  a  bMfrlrr. 

Tlic  canUiaridal  preparations  of  the  B.P.  arc  now  made  of  Cantharidin. 
The  proportions  are  adjusted  on  the  basis  thai  i  pari  of  Caotharidinjl 
equivalent  to  about  loo  parts  of  Cantharis;  »o  that  the  activity  of  the  i 
preparations  is  about  the  same  as  that  of  the  old. 

Atet.  Ccntharidin,  B.P.— 0.05  per  cent,  (equiv.  to  10  per  ecol,  oi  CantharU). 
CollDd.  Vtsie.,  B,P.— o.4jper  cent,  (cqutv.  to  so  per  cent,  of  Cuilhftris}. 

*  Empliiiitum  CaMkaridm  <Emp.  Canlh»rid[ii),  B.P. — tt.i  pet  cent.  (M|viv.  lojs 
percent.  o(  CuiltuLiis).     Sec  "Emp.  C^Lnthur." 

Emplattrum  CaUfacitnt  (Emp.  Colcfnc.},  B.P.;  Woitnlng  Piaster. — 0,0*  pu  (ot- 
(cqulv.  to  4  per  cent,  of  Cantluint)- 

Liquor  EpUpatlicat  (Liq.  Epuput.),  B.P.;  BUatering  Liquid. — o^  per  cent,  (eqniv. 
to  so  per  cent,  of  CaJitharw).  in  sctlonr  menstruum. 

Tr.  Ciinlhiiridin.,  B.P. — o.oi  per  cent.,  cqu!v.  to  i^  per  cenl.  of  Cuthtrli  (Mw 
U5.P.).     Doit,  o.ij  to  o-i  c.c,  a  to  s  mininw,  B.P. 

Unt,  CuMkaridin..  B,P.-^.ojj  pcf  cent.,  tquiv.  to  7  per  ceai.  Canlharu  <H  «(*" 
old  preparation}. 

PRKPABATIOKS — CAPSICOU  AMD  !ttun.Alt  IRKITAKTS 

Ctpiknm,  U.S.P.1  Capuc  PnicU,  B.P.;  Capglcura  (Cayenne  Pepper,  Africu  Pq**)- 
— The  dried  ripe  fruits  ol  C«p*icum  fiuiti);iatuin,  C.S.P.;  CapMCUn  miniDnUB,  Bx. 
The  action  It  due  to  about  o.oi  pet  cent,  of  a  crystalline  neutraJ  principle,  mmUJ 
(1:100,00a  produces  labtiaa  buritinK  of  the  tonRuc,  Nelson,  iqio).  Capsicum  u  M" 
intemaUyu  noondimentandcanniiiBtfve.anil  (ixtcnia.lly  to  produce  prDlaa^cooUl* 
initatioo  for  rbeumatism,  etc.  (Mper  cent,  ointment;  or  equal  parts  of  tincture  ud 
of  soMp-linlmcDt).    that,  0.06  Gm.  i  er.,  U.S.P. 

Emp.  Capiie.,  U.5.P.;  Capncum  Plaster. — Prepared  l>^  kruiihing  oleoreun  of  <ip' 
ucum  upon  the  surface  of  roam  plauci  so  m  to  form  a  thin  ooating,  IcKving  a  nu:p* 
juound  the  cd^ei- 

OUora.  Captic,  U.S.P. — Evaporated  ethereal  extract.  Dote,  o.oj  G&u,  H  P« 
05.P. 

*  Tt.  Capsk.,  U.S.P.— 10  pet  cout.    Date,  o.j  c^,  $  minima  IJ.S.P.,  dilvttd. 
"  Tr.  Catsie.,  B.P.— 3  per  cent.    Dvse,  0.3  to  i  cc,  j  to  15  mlainu,  B.P. 

*  Uni.  Captic,  B.P.— J5  per  cent. 

Buphotbium.—'T)ie  dried  Juke  of  Euphorbia  icsloUDrB,  consiMft  of  a  ftttfrioi^ 
The  active  comtitueat  is  the  rctinous  cuphorbon  which  reMmblee  the  active  rdb* 
CKtUnoil  (Bochm,  1915).  The  drug  in  rarely  used  (in  liniments.  10  per  oent.;  pUttA 
3  per  cent.).  . 

Meuremm,  U.S.P.— The  dried  bark  oi  Daphiie  «pecie-i.  The  active  coostkiKOl  ■> 
the  anhydrid  of  mcaennic  add.  There  is  alto  a  glucoiid  duihrnn.  The  Ruideitnc' 
b  rarely  u^  **  *a  addition  to  liniments  or  plasters;  olui  in  Fldext.  Sanap.  Co> 

Piptf,  U.S.P,;  Black  I'eppor.— The  dried  unripe  fruit  of  Piper  nigiaiB.  (H*" 
pepper  Is  the  ripe  fruit,  dcpnved  of  its  outer  pericarp.)  Contains  the  cmtaHineiU*' 
foidjiiperiu.  a  volatile  oil,  and  ■  punxcnt  rcua.    Dott,  o.j  Col,  t  itr.,  U.S.P. 

Oleora.  Piper,  VJ.S.V. — Evaporated  ethereal  esttacC    Don,  omj  Gm..  >j  gr..  U.SJ- 

Piperln  (pipcryl-piperldln).— Has  been  uwd  u  on  ontipyretK  and  conaiuli^ 
0.1  to  o.j  Gm  ,  1  to  8  gr..  la  capaulea.  ^ 

PuliitliUa.— The  herb  of  Anemone  Pulsatilla  and  A.  pntcatis;  Eauope.  SbM^ 
not  be  kept  o*«r  00c  year.  Active  ingredient.  Ancmonin.  The  drug  it  very  iniU"'> 
and  is  almost  obsolete,  but  has  bc«n  used  (jninst  asthma,  bcmicraoia,  etc.  In  iff 


effect  of  itt^arp  caldum  oxalate  crystals  (Luzeoby,  1915). 

CHRYSAROBmUM 

This  is  Strongly  irritant  to  the  skin  and  mticouA  membranes.  It  i* 
employed  as  ointment  (5  to  35  per  cent,  daily)  against  psoria^  and.patft' 
sitic  skin  di.'icasies,  rin(;worm,  etc     It  suins  the  skin  (keratin)  and  lin^ 
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2  hrownhh-violct  color.  This  can  be  rcmo\'cd  b)'  chlorinated  lime. 
Caution  must  be  used  lest  it  reach  Uie  eyes  and  produce  violent  conjunc- 
tivitis (or  rather  keratitis;  Igersheimcr,  191  a)  and  corneal  opacity.  It  i» 
absorbed  fiom  the  skin,  and  excreted  partly  as  chrysophanic  acid,  which 
b  easily  foimed  by  its  oxidation,  especially  in  alkaline  solutions.  The 
urine  is,  therefore,  colored  red  by  alkalies.  A  part  is  excreted  unchanged, 
and  causes  renal  irritation,  casts  and  albuminuria.    By  mouth,  it  produces 

I (0,18  Gm.)  vomiting,  diarrhea,  renal  pain  and  hematuria. 
Chrysuobin  has  a  strong  nfiiiiity  for  oxygen,  abslmccjng  it  from  the  tissues.    This 
b  (oppoied  to  be  the  basis  of  its  ai'lion,  [he  oxidution  product,  chryAopliioic  acid, 
bdnff  rcUdvc^  Inactive.    The  oxidation  occurs  only  in  watery  iu»pcnsinns  in  the  pie*. 
(Dce  of  alktli.     Fats,  therefore,  diminish  its  activity  (Sduunbcrg,  Ruziss  and  Kolmer, 

■  FREPAKATIONS — CHRYSARUBIK 

Arar^,  B,P.  (Goa  Powder,  Crude  Chrysurobin). — A  eubslancc  found  in  cavities 
d  tbe  Iruok  of  Aodira  (Vouauipoua)  Ainrobit. 

'  Clrytanbinum  (Chrjiniob.),  U.S.?.  B.P.;  ChrysMobio.— .\  mixture  of  neutral 
prindpln  ntracted  from  Cua  powder;  chie^y  chrysophanolonthriLnol,  CitHiiO,. 
ha  ocmnge-yeliow,  mirrocr^-sljillinc  jionder,  tasteless,  odorless,  nnd  irritating  to  the 
nucoiia  mcmbmnc.  Very  slifthtly  sol.  in  water,  siighily  sol.  in  ale.  (1;  jSs»;  partially 
ti.  in  fats.  A  Mtunilcd  ethereal  wlulion  of  cho-sarobin  is  used  in  the  treatment  of 
ttrtt.  It  b  painted  on  daily,  tbc  drad  tissue  bdng  pored  oB.  Don,  OlOJ  Gm.,  y%  gr., 
C5.P. 

Vng.  Chyiartbin,  U.S.P. — 6  per  cent,  in  Benz,  Lard. 
Unf.  Ckrysarobin,  fi.P. — 4  per  cent,  in  Soft  Paraffin. 

ScurM  Rrd,  MtdkiKal,  N.N.R.  {Rubruni  Scailatlnum,  toluylftwvmiphthol).— This 
i)  oled  k!  4  10  S  per  cent,  ointment,  to  slimulale  the  gronlli  of  cpillietlum,  on  clean 
fiwuiUtiog  wouncli,  espcdaUy  bums,  nnd  on  clean  ulcere.  (Schmieden,  1908;  Mora- 
■rtz,  I'w;  Dobrowolkkiya,  igii,  report  the  results  ns  no  better  than  without  the  dye.) 
The  application  is  dcKti'bed  in  N.N.R.  Its  use  is  in  the  experimental  stage.  Tbc  8 
ft  cent,  ointment  often  produces  irritation  and  even  erosion  and  sometimes)  tystemic 
tStcu  (violent  ga^iroenlerilis;  Lyie.  191 1).  O.  Siichs.  ivi  i>  claims  tliat  a  number  of 
•Art  oniUn  dyes  also  stimulate  epithelial  growth.  Atildoaiololuol  ii  being  advocated 
ii\ot  Malning  {Hayward;  liecL,  IQ13)-     It  is  used  in  the  same  strength. 
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Actions. — Contact  mth  certain  species  of  Rhus,  common  along 
tudsides,  on  fence.i,  in  woods  and  swamps,  etc.,  produces  typical  derma- 
litis,  passing  through  the  successive  stages  of  hyperemia  iinii  itching,  to 
violent  vesication,  edema,  and  suppuration,  according  to  the  specific  sen- 
•iWityof  the  individual;  many  persons  are  practically  immune,  although 
■  sufficient  quantity  of  the  isolated  toxicodcndrol  has  never  fwled  to 
pD^e  the  (lermaiitis.  The  active  ingredient  of  all  the  species  is  a 
glucotid  toxicodettdrol.  It  is  so  highly  active  that  H.ooo  ™g-  has  caused 
•"Be  vesication  (Pfaff).  These  small  amounts  may  easily  be  conveyed 
>?  dust,  etc.,  to  some  distance,  although  toxicodcndrol  itself  is  non- 
iiUtilc.  (Wancn,  191^,  could  not  find  the  poison  in  the  pollen,  as  has 
j'wn  dajme<l.)  Similarly,  it  may  be  conveyed  by  the  hands  or  clothing 
itom  one  person  to  another,  as  if  it  were  contagious.  The  dermatitis 
pi  1  latent  period  of  one  to  nine,  usually  four  to  five  days,  apparently 
""Itpendcnt  of  the  dose.  Internally  and  hypodcrmically  it  produces 
'^  irriLition  and  nephritis,  but  Uic  loxitaty  is  relatively  low  (critical 
''iWiography,  Ford,  19:3). 

7u)c  SpMiM.— The  most  Important  are:  Rhus  vernlx.  «ynon.  venenata  (Pouon 
™i»ch,  the  moot  powerful);  Rhus  Toxicodendron  (Poijon  Oak);  Rhus  radicans  and 
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divernlolm  (Poiaon  Ivy);  Rhus  pumila  (a  Southern  sptclct)— ^  GOannoii  la! 
America;  th«  tapancu  Wqucr  trcr  (Rhut  vcrcicifcrn).    Other  tooc  «pcot««rc  a» 
lionnl  hy  L.  E.Warreo,  igoQ.    The  common  tiuinich,  Rhus  Klitita,  docs  not  b«tctUi 
action. 

Natura  Ot  the  ToaJcodwidrol. — VfaSf,  1897,  shonrd  that  the  toxicity  It  act  dw 
too  volatile  alkaloid,  aadalmtdb}'  Khittd,  iSj£;  Dot  to*  volatile  acUOialicb,  ilKf, 
but  that  it  i»  caused  by  a  fixed  oily  lubitance.  Acrec  aod  Syme,  1907.  iiolated  (hb  11 
a  tar  or  wax,  and  showed  it  lo  be  a  ulucoiid,  dtsMCiablc  Jato  rbamnoM,  icallJcacidW 
fiielin.  It  it  solubld  la  alcohol  and  oiU  and  is  prtdpilated  by  lead  acetate,  from  *hiA 
it  it  diHotvcd  bv  etber.  It  ii  not  dcatroj-cd  by  heating  an  hour  at  ioo*C.  (v.  Addba^ 
1911,  i9>j)-  'The  toxifodendrol  occurs  id  the  lacteal  vcwds  which  tcrrnlnate  b  te 
bain  tSchwalbc,  looi). 

Aitiflcial  Inuniwity. — Ford,  1907,  found  that  repeated  hvpodetBiic  injtcticai  c( 
Increasbig  dows  o(  the  tluidcxlract  Induced  resi&laiice  to  the  fncal  aerrmit  and  to  ite 
nephritui;  and  that  tlie  Mruin  of  these  aalntals  conferred  pusivt  immunity  on  otbn- 
V.  Adclung,  igi3,  wa»  not  tucoeasful  in  produdos  immunity  to  the  iioUied  taix»- 
dendrnl. 

Congenital  Tolerance. — The  cooKeniul  variations  in  susceptibility  are  very  aui/i, 
Biany  personi  bdne  immune  to  ordinaiy  contact,  oltbougli  the  immunity  at  ptettbly 
crver  absolute.  The  tulrrnncc  is  Mmctbne*  lott,  and  one  attack  mirm  to  have  llw 
skin  mon^  sensitive  IdhIKt?:  but  Ford  mentions  that  Symej-radually  acquired  toktaub 
Pcr*pir.ilion  ittmi  lo  fjcilit.ile  Infeelion- 

Trcatment  of  Ivy  Poisoning. — Thlt  Is  hrii  artomptiKhcd  by  ihoraoxh  Acrubbiig  alfh 
mQtl  90Hp,  then  thoroughly  rubbitiit  in  a  hut  solutjua  o(  polaMinm  petmancanile  \> 
per  cent,  for  ordinary  skin,  1  iwr  cvnl.  if  the  skin  ii  dcliiate  or  brolLeni;  and  applfiW* 
paste  of  castile  soap.  The  pcrmnngannte  ilntn  muy  be  rcmos'cd  by  ^  per  ceau  anb 
acid,  or  by  sulphurous  acld|  but  tlieic  muHt  bi:  uwd  cautiouiily.  SslvM  01  oib  rnial 
not  be  used  since,  by  diuolviDc  the  toxicodendrul,  they  would  spread  the  tn(e(Bi>' 
They  become  indicated  only  in  ihc  later  *tasct,  when  the  poison  ha«  become  complatdy 
removed.     Rubber  ([loves  Diotccl  Maiiiat  infection. 

Lend  acetate  (Mturateu  alcoholic  »otution}  precipitates  the  toxioodendrol;  but  'i* 
compound  diuociate*  tasHyi  *0  that  the  applications,  lo  be  effective,  miut  be  W* 
frMjueiitly.  Other  popular  remedies  arer  copper  or  iron  salts;  the  exprawd  j<^^ 
"Touch-me-not"  (Impaticns  futva);  and  fluioextract  of  Griiideliii  lUiutta  (dikM  aiu 
4  to  S  vol.  of  water  and  used  as  a  lotion). 

OHmt  Plants  Prodacine  DanBOtlllB.— These  comprise  a  number  of  tropical  W* 
belon^ng  to  the  lamc  famUy — Lithrea  cauitica:  .\niKardium  (active  principle.  aiH> 
an  oily  tubslance) ;  Semccarpui^  Primula.  chr>-(anthemum,  arbor  vitic,  and  manyotltf 
plants  [Vanilla  Umiii,  CInverSc,  luoN);  Ihc  fruit  of  the  Ornamental  Ginko  irtc  (9U(r> 
191^).  nfletc  lenniijve  jxrsuni  in  the  same  manner. 

Primula  Dermatitis. — This  is  nroduccd  by  direct  contact  with  the  conunon  CIsbh* 
bouse  plant,  Pr.  oljconlca,  and  n  lew  other  species.  Neatler  dcacrUtea  loxtccmbbte 
the  reamous  lecrelion  of  the  leavn.  The  treatment  con^U  b  dmnelas  withalnW 
or  ether,  nn<l  the  application  of  Zinc  CHntrocnt  (O.  U.  Foerster,  igto;  Rod,  *9}*>-„ 

llypcUum. — Kay,  iyi4>  ^'aicl  that  rattle  (ccdins  on  a  Tunisian  >jP*'^y^ 
ctiipum)  developed  dermatitis  of  non-piicmeuted  portions  of  the  skin,  and  inoaniRUli* 
of  the  mucous  membranes  exposed  to  light.  The  phenomena  Ut  due  lo  a  lluONt'*' 
substance.  Ro)tcr*,  1Q14,  clsimi'  nnnlogous  clTects  for  the  common  St.  Jdai'*  a**** 
Hypericum  pnforatlun.  Similar  symptoms  arc  alto  said  to  be  sometimes  praduccdV 
buck  H'licat , 

Theactionof;twtfMrFnf  JyMonptanUisdiKuuedby  Glcklltorn,  1914. 

PHYSICAL  COONTERIRRITANTS 

IrrilaUon  of  the  sldn  Is  easily  produced  by  phj-iicol  aKenciea,  which  arc  oftto  fK- 
fored  lo  the  chemical  brilants.  Tbe  edects  and  indication*  ore  similar.  Thcycia 
only  be  cnumeralFd  here,  hfot  and  cM,  in  the  form  of  applications,  baths,  heaU4  VI, 
01  cautery.  Ptktlott,  generally  combined  with  massaite-  iilmrieUy.  raJiaiMtrafj ui 
pkoiolhemfy. 

Antiquated  are:  Acitpunrlutc  (pushing  needles  lhroii|^  the  akin  to  tbe  underlyics 
organs,  said  to  be  popular  with  (lie  Chinc»e):  iioriJUalitm  (mall  incisioita  with  Ln^ 
ea  needle):  ,'cliini  (a  Alrini;  tarried  through  a  fold  M  slun  ajld  left  lo  suppurate). 

Venesection,  cupping  and  leeches  also  act  by  altotng  tbe  distribution  of  the 
blood, 
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lUGS  EMPLOYED  FOR  THEIR  LOCAL  EFFECTS  OK  THE  ALI- 
MENTARY CANAL 

STOMACHICS 

Bitter,  aromatic  and  "sharp  "  drug:^  have  been  used  since  ancient  times 

"tonics,"  and  in  various  functional  d\r»p«psia3.  Thf)'  were  supposed 
ibercsse  the  appetite  and  improve  digestion,  and  liius  favor  niitrilion, 

Ctasslflcation.— .^(w^r  biltrrs  generally  contain  some  '^biiUr  prituiple" 

-antral  substances,  often  crystalline,  non-nitroRenous,  sometimes  glu< 

Ktdal,  and  without  pronounced  systemic  aciioa-t.     In  aromalk  bitters 

haetre  mixed  with  volatile  oik.     The  astringent  bitters  contain  Linnin. 

ymiiments,  which  also  contain  aromatic  oila  or  other  sharp  principles, 

m  llie  transition  lo  carmiiuttins.    These  arc  employed  to  secure  the 

■poUon  of  gas  from  the  alimentary  canal. 
BBcieocy  in  Health  and  Diseatte. — About  a  tenth  of  the  medicines 

miioDed  by  Hippocrates  belojig  Lo  this  cl^,  and  they  have  alwsiys 

Iwb)  a  prominent  rA!e  in  folk  medicine 

Xodern  scientific  invc5tif;ations  (MoorKcad,  1915)  have  confirmed  that 
Ik  bitters  may  improve  deficient  appetite,  and  the  flow  and  quality 

KWiy)  of  the  gastric  Uiicc,  in  conditions  of  poor  health  (anemia);  al- 
l^w^  they  have  no  cuect  on  normal  individuals  (Carlson  and  co-work- 
■n,  1914  ami  1015). 

TW  aromatics  and  condiments  probably  act  by  mild  direct  irritation 
t*  ll*  ^tric  mucorta,  the  beneficial  eflect*  being  due  to  the  hyperemia 
ttd  nwtor  stimulation. 

Um  Id  Bqwrineotal  CacliexU.— !□  ilogs  provided  with  a  I'lwluw  gutric  p«uch, 
Mmdtred  CBcbtclic  by  rtitealcd  Utgr  hemorrhage*,  Moorbcod.  1915.  found  thni  ih« 
■MirtatloB  of  bitten  inpMivtd  thcaiipi'tilcand  ihrgutricdcfKiciKy,  Hliliuuitli  uoi 
V^togotKaL  The  aniaiab  ooiuumrd  more  food  and  (he  gastric  juicr  became  mure 
"Wim  uhI  more  acid.  Tbc  incmuie  of  apDrlitc  occurred  whether  ibc  bitten  were 
'vbfBouih  or  by  «li>ma<-h;  Iho  incrcMe  of  Micration  u-aici>nfincd  toorat  um:.  The 
^aiiiiMul  ocxrun  with  the  first  adminutration  su  that  it  is  not  due  to  tlw  establish- 
■Mal  *  liablt.     P«»ibly  tlic  bitter  tiute  cnhonotit  the  toite  of  food,  by  conttmtt. 

BifcrtMnti OB ITonnal Individuals. — Carlioanndco-workors,  1914  aod  iqis,  could 
■■■Bk«c6dtleSeetjib  norma]  men  or  dog*.  Thera^ulic  dotes  of  bitters,  however 
P<a  k»t«  no  unmnliate  or  ddayod  effect  an  gutnc  Mcretton.  When  taken  by 
*»tt  (v  brso  dotc«  Inirodond  dlrtdly  into  the  Motnarh)  lhc>'  inhibit  thn  nurmil 
■VweMtnctlon^Biid  lhe»onsatloiio(hiui|KT,  JatlasdootherirrilaDt  or  Uis^rMable 

WMik  SMntioa.— Carlton,  1915,  tested  the  cAecU  on  a  nun  with  uttric  fntuk. 
!■■«  ilop  with  Pawtow  miniature  atomachs.  The  bitters  were  placed  In  the  mouth, 
■fattly  to  iJie  stiimach.  etc.,  before,  with,  or  without  food,  etc.  However,  the 
|Miiiilit*  were  varied,  the  n^AilLi  irerc  uniform!)'  negative.     Thii  dUpoM*  of  the 

■  ootradiciory  rtsuUsof  ol'tcr  InveBlixutorf  aft  iu  direct  Mcretbn  (Buchhelm  and 
^  ift4f;  Rckhmaan,  1888;  Korczyniki.  1901;  Hoppt,  iijoji  and  "ptycblc  juice'* 
wiifl.  ID<>4>  Bononni,  1905;  Sttoabeko,  1005I. 

TW  ikindui-tiua  ol  irrlttuil  nubstances  into  the  mouth  also  faili  to  provoke  goitric 
<m«{b  Han  <CattM>n,  >9i5)' 

Mmmb ef  Taste"  in  Hm  StMiMcb.—Albcnoni  and  Tutiio,  lair,  loundooa  hu^nan 
VKt  that  the  <Urcct  introduction,  through  a  goiitric  fi«tuln,  of  bitter  or  t.<4-ecc 
Ntueia  or  bouillon,  prDduced  only  the  eamo  immediate  scn»allon  as  MJine:  but 
■■■I,  hmd  or  alcohol  luovokcil  speedier  Mcrvtion  of  acid  and,  taken  with  food, 
■■did  (  Hum  Milii[a(tor)'  '^nution. 

IdhwwM  oa  Piacreallc  Secretkn.— The  Dcestncc  of  any  Irritant  In  the  Intcuinc 
MdUa  the  Cim  of  pancreatic  >uke  (GDttlM>,  iS^).    The  effect  of  bitten  li  some- 
■idncrent:  They  have  no  ellect  on  the  pancreatic  or  bile  flow;  the  intenlinal  juice 
dioialahed.  then  increased  (Rcichmann.  tSSS;  Jodlbauvr). 
Kl  M  AbMfptko.— Bitten  huten  the  abmorpliun  ol  fuen  and  pepltwe  Inim  the 
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stomncl]  (BnuuD,  tSgj),  but  >ccm  to  delay  it  nomcwtiat  from  the  intestine  (RiedO'* 
1910). 

Sojouni  o4  the  Food  in  the  StonuelL — Acxoidioi:  to  Henbnci,  tlui  u  ihaWutd 

by  IIDbIL  llcloycij  by  largr,  dents. 

BSbct  on  Digestive  FenneDis.— Moat  of  ibc  bilt«rs  liavc  lui  efltct  <ib  dlfollMte 
eilro. 

Antiteptic  Action. — Bitters  and  aronuticit  are  antiseptic,  and  may  ihcfeXoK  tnflMKe 
dig««ii<<n  Uvoiably  by  Umiling  puirrfaclloa  and  abnnrnul  (tmiontation. 

Leucocjiosls. — A  further  action  of  stomachics  (buth  bitten  and  aromatia)  vlids 
may  be  concerned  in  their  therapeutic  action,  it  that  they  tnertatt  Utt  letHMjIa  it  <be 
Uood.  (Hirt,  1856,  Bini,  i8;<,  PobI,  18H8).  Th«  ihmry  ha»  been  advund  duK 
ibeM  leucocytes  play  a  rdfe  in  inteitinal  abaorption.     (Hofmeister,  18S7). 

Therapeutic  Uses  of  Stomachics. — Tht^c  arc  employed: 
1.  To  incri;asc  appetite,  from  whatever  cause  this  be  deficient 
3.  To  improve  digestion  in  all  kinds  of  "nlonic"  dyspepsias,  witls. 
motor  or  secretory  deficiency.  They  tend  to  remove  the  anorexia,  c^i— 
pression,  constipation,  hypochondria,  etc.  In  suhacule  or  chronic  gn — 
tritie.  the  astringent  bitters  may  be  more  useful,  otherwise  they  arc  rilbcK- 
objeclionable.  Tannin  must  be  especially  avoided  when  the  bitter  b  to 
be  prcscnl>e<l  with  iron,  since  this  miikes  an  unsightly  mixture.  Taottiit— 
free  are  the  «mplc  bitters  and  the  majority  of  the  aromatic  hitters. 

3.  .^s  tonics  in  .anemia,  convaleacence,  phthisis,  etc.,  to  hasten  reroa.— 
stiuctioQ. 

4.  A&  antemctJCA. 

5.  To  modify  or  improve  the  taste  of  food  or  medicines;  also  to  obscure 
a  "bad  ta.ile  in  the  mouth." 

Administratioo. — 1 1  is  belie\-ed  that  stomachics  sliould  be  admiaistneci 
about  a  half  an  hour  before  meals,  Thc>-  arc  generally  more  pleaaat, 
and  therefore  more  eflfective,  if  they  are  judiciously  blended,  aa  in  lJ»c 
aromatic  and  compound  bitters  (Tr.  Gentianie  Co.;  Tr.  Cardamomi  Co.J. 
Overdoses  produce  nausea  and  so  defeat  their  object. 

SIMPLE  BITTERS 

These  arc  practically  free  from  aromatic  oils  or  tannin,  and  can  there- 
fore be  mixed  with  water.    The  tinctures  are  strongly  alcoholic. 

Certain  pure  alkaloids,  such  us  Quinin  or  Strychnb,  msy  be  mcd  ** 
simple  bitters. 

FKEPABATIONS 

Btrbtrit,  B,P.— The  dried  Mem  of  Bctbcrit  ariittat*.  Tile  (hiwiDv  and  rool*al£: 
aquifulium  were  formerly  official  in  the  U.S.P.  The  phannaccJogy  has  beea  ttndico 
by  Ilildebruidl,  190;. 

Tr.  Bttber.,  B.P,— 10  per  cent.    Don,  a  to  <  e.c,  M  W  1  drain,  R.P.  , 

CoZ-iufci,  tI.S.P.;  CalumbK  Radii,  B.P.;  Catumba  (Colombo) .—The  dried  rwH  <J 

iateorhixa  palmata,  U.S.P.;  Jaleorhysi  Coiumba,  B.P.  Re»emblct  geatian  but  ^7 
c  mixed  with  Iron.  CoDtoInti  tct'cral  alkaloid*  (CalumlwniD,  jateorbUn,  and  RT 
mating,  related  tobcrtwrin.  Bibprfcld.  toog,  found  that  thescdiffex  only  quaatilatlv^ 
in  action,  paralyxing  the  central  ncrvoui  lyitcm,  e^ipccially  the  KsplratOfr  caBtcr.  **^ 
lowdiag  the  blood  prcuurc  through  cardiac  and  vMoraolor  depns^n.    fiaw,  2  1''^ 

JO  «..  [;.s.p. 

Inf.  Caiumb.,  B.P. — s  per  cent.    Dost,  tj  to  jo  c.c,  >^  to  t  ounce,  B.P. 
Tr.  Colimi.,  VS.P.--U1  per  cent,  in  60  pet  cent,  alcohol.    Dm*.  4  ca,  t  diW*"* 
V^P. 

Tr.  Calimb..  B.P.—io  per  cent.    D»it,  i  to  4  c.c,  ^i  U  1  dram,  B.P. 
Ckifili,  HP.— The  dried  plant  of  Swcrlia  Chirata. 
In/.  Ckirat.,  B.P.— j  per  cent.     Dou,  15  to  JO  C.C,  H  t*  I  ounce,  BJ*. 
Tr.  Ciira).,  B.P. — 10  per  cent.    Dost,  1  to  4  c.c,  H  to  1  dnm,  B.P. 
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Centiana,  U.SJ.;  Centiarur  Radix,  B.P.;  Gentian. — The  dried  rhixome  and  roois  of 
Goiliiuia  lutr*,  Striutr'and,  One  of  liic  mo»1  u^riul  of  the  bittersi  meDtiooed  by 
Plinj-.  The  bitter  principles  are  the  co'^t^Hi'ie  glucond  Rcntitn,  and  the  itmorphous 
i^stumarili.  The  fresh  drug  contaiiii  the  ci3-<talliiie  j^ucutid  gcntiuiiicnn.  which 
iliutppc3n  in  drying.  There  is  also  a  small  amount  of  mnnin,  not  cnoii)fh  to  be  aatrin- 
t«DI,  but  iFufficient  to  ht  incompatible  with  iron.     Dese.  i  Gm.,  15  )tr.,  U.S.P. 

*  ExtrixJum  Gtnliatut  (Eit.  Gent-),  U.S.P.,  B.P.— A  watery  piliilar  cxtnicl,  uwd 
largely  ««  pill  cxcipient.     Done.  0.25  Gm.,  4  g'-.  U-S.P.i  o.ia  to  0.5  Gm.,  »  to  8  Rr,  B.P, 

In}.  Gent.  Co.,  B.P, — 1.15  per  cent.,  with  Bitter  Orange  and  Lemon  peds.  Dote, 
IS  to  30  ex.,  Jj  to  I  oimce,  B,P. 

"  tinaura  Gmtianai  ComposUa  <Tr.  Gent.  Co.),  U.S.P.,  B.P.— 10  per  cent,  of 
GeBtSsn.  with  Billet  Onmge  I'eel  and  Cardamom,  in  45  per  cent,  alcohol.  Dete,  4  ex., 
t  dnm,  U.S.P.-  i  to  4  c.c,  H  to  t  dram,  B.P. 

Par«^ — Tdc  root  of  Cnondodcndion  tomcato«uni.  Contains  bebeerin,  isobe- 
btetin,  and  other  alkiloidc  (studied  by  Fallis.  -iiiii',  SchoItE,  1013).  Commcrdal 
"Bcbeerin  sulphate  crytl."  b  itolicbecrin.  It  i^  isomeric  wilh  codcin,  and  like  this, 
hu  narcotic  actions  (Schollz  and  Koch.  iQi;)-     0"">  of  Pareira,  i  Gm.,  30  );r. 

PierprkkA,  B.P., — The  rhi;!onic  of  Picrorhiia  Kurroa.  Dase,  0,6  to  i.r  Gm.,  10  to 
m  gr-:  sotipcTiodlc  dmc,  3  to  4  Gm.,  45  «>  ^  e'-r  B.P. 

£xf.  Pkntri.  Liq.,  B.P. — Di>tt.  1  to  4  ex.,  15  to  60  minims,  B.P. 

TV.  Pierork.,  B.P. — »5  per  cent.     Dose,  j  to  4  c.c.,  >i  lo  1  dram.  B.P, 

Quaitia,  U.S,P,;  Qumujf  Lignum,  B.P.;  Quassia. — The  wood  of  Pirracna  ricelu 
{alco  of  Quaiaia  amaia,  U.S.P.).     Dose,  0.5  Cm..  8  gr-.  U.S.P. 

/«/,  Qtiait.,  B.P. — t  per  cent.     Diae,  ij  to  30  c.c,  ^  to  i  ounce,  B.P. 

Tr.  ^tast^  U.S.P, — jo  per  cent.    Dose,  1  ex.,  30  minims,  U.S.P. 

TV.  Qwm.,  B.P. — 10  per  cenL    Dosr.  1  to  4  c.c,  Ji  to  1  dram,  B.H. 

T^tOMUwrn,  U.S.P.;  Tariu.  Rod..  B.P.;  Timxncum  (Dandelion). —The  dried  rhi. 
lOme  Uld  roots  o(  Taraxacum  oJlicinolis.  U.S.P.;  the  fresh  root,  B.P.  (Composition, 
Ptmif  and  Browning.  1919).     Doit,  10  Gm..  ^H  drams.  U.S.P. 

£tf.  Tofox,,  U.S.P. — A  pilular  extract;  oicd  as  pill  cidplent.    Dase,  t  Gm.,  ie  gr., 

tUest.  Tanu.,  U.S.P.— X)rJie,  10  cc,  aK  drams,  U.S.P. 

Skc.  Torax.,  B.P. — The  juice,  preserved  with  15  per  cent,  of  alcohol.  Deie,  4  to 
Su.,  I  to  3  drains.  B.P. 

JTdittWnJum,  U.S.P.  (Ptkkly  AiJi). — The  dried  baric  ol  Xanthoxylum  ameri' 
=*Jlttni  or  X.  Oava.Htrculls.     Contains  bcrbcrin.     Dait,  2  Gm.,  30  gr.,  U.S.P. 

PUatt.  XaiUiax.,  V.SS.—Dost,  3  c.c,  30  nunicDit,  U.S.P. 

Asntnf GEirr  bitters 

Wiih  these,  tannin  U  a  prominent  ingredient,  whilst  volatile  oils  are 
nt  only  in  small  quantity,  if  at  all.     The  preparations  can  be  mixed 
itl»  water. 

PREPARATIONS 

C  •  Tr.  Ciiulma  Co.,  U.S.P.,  B.P.,  see  Index.) 

0*««cdritti,  R.P. — The  dried  bark  of  Crolon  Elnterla. 

'^»4.  CattariU.,  B.P. — j  per  tent.     Dose,  i;  to  30  c.c,  Jj  to  t  ounce,  B.P. 

■^  >.  CatcariU.,  B.P. — jo  per  tent.     Dose,  i  to  4  c.c.  's  to  1  dram.  B.P. 

<^imkffuM,  U.S-P.  (Black  CohoBh,  Black  Sn.iliorool;  Macrotys).— The  dried 
™K^«ne  and  roots  of  Cimicifugu  ra^rmosa  (Constitucnls,  t'ianetnorc,  1910}.  Dait, 
if^tta..  ijgr..  U.S.P. 

■i^jt.  CimUil^  U.S.P. — A  powdered  extract,  t  Gm.  representing  4  Gm.  of  the  drag. 
Dw*-.oi3Gm.,4sr..  U.S.P. 

t^tdtit.  CiaiUif.,  V.S.V.—Dote.  t  ex.,  15  minims,  U.S.P. 

ICcuduramta. — The  bark   of   Mar«denla  Condurmngo.    Dsed  a*  astringent  bitter 
(V^dally  in  gastric  ulcer  and  carcinoma. 
^Unf.  C^idur.~~Doie,  i  to  i.j  cc,  15  to  as  minims. 
Ciui*ria  (Anicostura  Hark).— The  bark  of  Cusparia  febrifuga.     Contains  alkaloids, 
dS«By  eiuparia  fTrocger  and  Mueller,  lOis),     Dose.  0.6  to  1.5  Gm,,  10  to  40  gt. 
S'iWttrfo,  U.S.P.;  Serpmt  Rkis..  B.P.;  Serpcnuria  (Virginia  Snakeroot).— The 
vM  lUsene  and  roots  o(  Ariatolocbia  Setpentanii  or  reticuUta.     Dote,  1  Gm.,  ij  gT., 

Tr.  Strf*nS.,  B.P.— »o  per  cent.    jPm*,  *  to  4  c.c,  H  to  t  dr«m,  B.P. 
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ABOICATIC  BITTBRS 

These  contain  both  aromalic  oib.  ami  bitter  principles,  but  no  titS-^Kj 
Their  alcoholic  preparations  can  not  be  raixed  with  water  without  t« 
bidity. 

VKltPAKATlOMS 

{Atinmlii  Amori,  C«rtex,  «cc  Index.) 

Atakemidit  Fiofa,'R.V.  (English  or  Ronwn}  Chamomlliil'lciwere,— The  dried  Soi 
bMdt  uf  Anthomis  nobilis. 

01.  Aitkcm.,  B.P. — Tht  ilittilicd  oil.    DKit,  o.Oj  to  o.iS  ex..  H  to  j  oiiaiau, 

BrtH.  B,P.— The  dried  Icnvrs  of  Piper  Itcllc. 

Caiftui  (Sweet  Hw).— The  rhiwrnc  o(  i\iMrva  Cftlamu*. 

Matrieoria,  U.S.P.  (Germiin  Chttmomtle). — The  dried  OmrerJuod*  el  Mfttricaxii 
Oiamomilla.  Volalilo  oil  and  bllter  prlncipln.  tl»*d  m  iariuloa.  (atermlly  «> 
tlomacliic.  carminative,  imd  diaphoretic;  externally  u  roimicdrnuni.  Dv^,  15  Gm~ 
4dranu.  U.S.P. 

Piirinx.  Gin^enji, — The  root  of  Panax  <|ulnquefolluin,  vny  h]|hly  valued  by  tht 
dilneu.  betoQKs  lu  tliis  lerin.    So  do  other  upeclni  <it  Panax  sad  Aniit. 

Numcroui  other  bitters  are  a«ed  in  dome^ilic  medicine,  but  tbe>*  uc  not  aoru 
mcBtioning. 

CARUinATIVBS 

Tbia  class  oompriaes  certain  aromatic  oils  exerting  an  irritant  actioB 
UpoD  the stonoch  and  inteatine,  being  niiTDowhat  specific  in  causing  tbcei' 
pulton  of  gas  rather  than  of  fiuid  or  solid  contents.  Since  they  arc  ili^ 
antiseptic,  they  arc  especially  useful  in  abnormal  fermentation,  remaviog 
at  once  the  discomfort  caused  by  the  gas,  and  checking  the  growlb  c( 
tlie  bacteria  which  give  rise  to  it.  They  also  form  useful  additions  to  !«*■ 
live  mUturcs,  since  they  diminish  the  "griping."  Charcoal  isalMdtwd 
as  a  carminative. 

PRKPARATIONS — CAR11UNAT1VB8 

■  Carlo  Litni  (Caib.  L\g.\  U.S.P.,  B.P.;  Wood  Charcoal.— Black,  tattdcMudtxlar- 
Icat,  vcrj-  fine  powder.    Di'se,  i  tlnu.  >s  gr,.  U.S.P.,  10  4  Otn..  60  cr. 

When  frctbly  heatcti,  chxrcoal  condenKt  gucs  and  diuolvcd  nu^tnticc*  inittp**^ 
therefore  acilog  somewhat  a»  a  catalyst  in  (acililatlng  oxidations  and  oibrr  dxn' 
renctioas.  It  hoK  been  utcd  as.  a  dieuine  for  infected  wounds.  IntcrnaJty,  il  It  nOj^ 
timcj  employed  In  fladilcnrc  wilh  the  idea  thai  it  will  absorb  the  NM«.  H  «  F**! 
■biy  tiMrlm  Kmce  taoist  chiiK'iul  has  this  property  only  to  a  very  U|[lit  dtfcrcc.  hj{ 
alio  uicd  ax  aa  aniicjotc,  c^ncciaUy  for  alkabiJal  pouctis  (Wiecbowiki).  Ana* 
charcoal,  Ciubo  tinimalli,  U.S.P.,  BoDe-bUck,  is  utcd  in  chemical  industry  he  ^ 
colorixing.  It  has  bi'cn  employed  in  dyKRlcry,  similar  to  Kaolin.  It  tdinrbc  ^ 
therefore  hinder*  diKtstive  (enncnts  in  vitro;  but  this  sccm.i  to  be  compenttli'  V 
lacrcucd  sccrctloD  (Stratus,  1916).  It  also  adsorbs  and  iiuu:tivaic«  toxin*  (R.  Cn* 
&  Baibsra.  1015). 

ColU>id.*l  CiirboH  (caramel)  is  barmlcm.  even  on  intravenous  injection.    It  tft 
oalac*  alkaloid*  (strychnin)  when  mixed  in  vilro,  and  cvca  somewhat  when  the  1    . 
b  given  by  mouth,  and  the  carbon  by  vein;  but  this  anls^nism  i*  too  tiaotft*in| 
practical  apnlicatioo  (Sabbntaoi,  IQ13  and  toit). 

i/MMa  riperila,  U.S.P.;  Peppermint. — The  dried  leaves  and  Soweting 
Mentha  piperita,    bfie,  4  Gm-.  («  P-.  U.S.P. 

(•  .1?.  itealk.  Pip.,  ice  Index.)  . 

01.  Kntlk.  Pip.,  U.S.P.,  n.P.— The  dixiUlcd  (nl,  containing  at  least  50  per  ccct* 
DfDthoL.  ColorleM  liquid,  cliarnclrrisllc  odor,  pungent  aromatic  taste.  Dmt  ^i 
C.C.,  3  BnBims,  17.S.P.;  o.oj  tuo.iSc.c,  H^i  miaims,  B.P. 

'SftriHu  iltmha  Piferittr-  (.Sp.  Menth.  Pip.).  U.S.P.,  B.P.;  Spirit  (EmmwJ  ■ 
Ptppermlnl.— 19  p«  cent,  of  the  Oil;  the  U.S.P.  ii  tinged  sreeti  h}  msceraiioa  w 
Pei^»ermint.    Dot*,  3  c.c,  jo  minims,  UJi^P.;  0.3  to  i.i  c.c,  j  to  m  minima,  ftf-hi 
ia  water. 


VEGETABLE  CATHARTICS 
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iitntif  Viriiis,  U.S.P,;  SpMrminl.— The  dried  leavn  and  ihf  aowcrlnjr  tops  ftf 
MenUut  utcau.    Dost.  4  Gm..  60  gr..  U.S.P. 

(iff.  Menlh.  Vir.,  sec  Index.) 

01.  MttUh.  Vh.,  U.S.?.,  B. P.— Tile  distilled  oil,  ooataininE  at  Icmt  40  per  ccBl.  of 
cuvooc.     Dost,  0.1  cc.  i  mininis,  U.S.P,;  0.03,  to  0.18  c.c,  Sj  to  j  minims.  B.P. 

Sfi.  Urnii.  VIr,,  U.SP.— lo  per  cent,  of  oil7  colortxl  by  maceration  with  ipramiiQt 
herb.    Dau,  1  c.c.  jo  minims.  U.S.P.:  diluted. 

Zingiber,  U.S.I*.,  B.I'.;  Gingct. — The  dried  rhizome  of  Zingiber  ofTiclRale.  Th* 
chief  metivt  ingmlienc  is  o  volatile  oil.     Ihst,  1  Gm,,  15  gf.,  U.S.P.,  as  powder  or  in 

Snubr  to  Ginger  ore:  Galanga,  Zcioaria,  and  Asariim. 

FtdfU.  Zintib.,  U.S.P.— Strong  alcohol.    Dost,  t  cc,  is  minims,  U.S.P. 

OUoitt.  Zintfi.,  U.S.P. — An  ovapotalcd  eitiercal  eiiract.  Dose,  o.oj  Gm.,  ^  gr., 
U.S.P, 

Sjr.  ZtHtib.,  U.S.P.,  B.P.— 3  per  cenL,  U.S.P.;  1.5  pet  cent.,  B-P.  Dust,  ij  kx., 
4  drams,  U.S.P.;  Ho  4  cc..  H  lo  1  dram,  B.P. 

"  TinrlKm  Zingiberis  (Tr.  Zincib.),  U.S.P.,  Tincture  of  Ginger. — 10  per  cent,  in 
akohoL     Doif,  i  cc.  30  minims,  U.S.P. 

•  Tr.  Ztnfit.—B.l'.i  to  per  cent.    Date,  j  to  4  cc,  K  to  i  dram..  B.P. 


VEGETABLE  CATHARTICS 

Kanner  of  Action. —Cathar Lies  or  evacuaniiv  are  drugn  which  produce 
defecation.  They  may  do  so  by  simply  increasing  the  bulk  of  the  intesti- 
nal contenti  (jieiroUlum,  agar,  etc.);  or  by  preventing  the  absorption  of 
water  (salim'S);  or  by  irritalinK  the  small  or  large  intestine,  as  most 
of  tiic  vt^elable  cathartics.  The  cathartics  differ  from  otiier  irritants 
in  that  their  irritation  is  relatively  mild  And  is  confined  more  spccilicttlly 
to  the  intestines.  This  may  be  explained  by  selective  action,  or  more 
simply  by  the  alkaline  reaction  of  the  intestines  favoring  iheir  Miluiion 
or  decomnosition.  This  solution  mu:tt  not  be  too  rapid  or  the  drugs 
will  be  largely  absorbed  or  decomposed  before  reaching  the  lower  inlesline. 
The  i.ioiated  principles  are  therefore  less  useful,  and  sometimes  less  effective 
than  the  galenic  preparations  in  which  they  are  protected  by  the  ex- 
tractives, gums.  etc..  of  the  drug. 

Liberation  and  Solution  of  the  Cathartic  Conatituenttt. — Coator  oil  and  crolon  dl 
becoBC  active  only  when  their  fatty  acids  arc  liberated;  crolon  oil  contains  tome  free 
add  and  is,  thtrcfoie,  pustulant  also  vn  the  skin.  The  cniodin  cathartics  uften  contain 
oiucasidal  tximpuunds,  which  must  be  split  birfnre  the  action  occun.  The  group  of 
''mtiis"arciii>olublc  in  walcr,  but  are  clcconi|MM;d  and  diMolvcd  by  alkalies  and  bile. 

iBfiinaC*  Ot  dw  Bil«  on  Cathartics. — The  bile  teems  lu  be  necnsary  (or  the  activa- 
tioa  ot  many  of  the  resitious  cnlh.irtics,  the  following  being  relatively  or  cjuitc  incSectii'c 
In  itaabacnccigamib^c,  ixxlvpli.vllum.convolvulin,  jutaii,  and  scammnnium  (Bucbheim 
nod  Stadetinann).  The  bile  act*  presumably  by  increasing  the  solubility.  Hhubaib, 
•enaa  and  catomd  are  aclivc  in  the  absence  of  bile  (\'alrti.  1910).  Aloe  tccmi  lo  uet 
quite  wril  iriihcnit  bite  in  nnlmal  experiments;  but  clinically  11  ha*  l>ecn  claimed  that 
it  is  indfective  in  biliary  obstruction. 

EBcten^  on  Hynodennic  AdnuitinTation.^Thc  anthracene  nnd  resinoux  cathartics 
abo  incrcaw  pcristalug  if  Ihc)'  arc  injecicil  sulf  uMni-nuily  or  intravenously:  the  irxin- 
grotip  b  even  mor«  active  by  this  channel.  The  action,  however,  it,  even  ihcii  a  local 
ooe.  the  conitiluenti  being  excreted  into  the  intestine.  The  cathartics  arc  not  admin- 
ifitcrcd  in  this  manner,  in  prnclice,  since  the  injection  would  be  painfully  Irritant;  the 
rllecu  are  niso  more  casUy  controlled  when  the  druc?  are  iiivcn  iiy  mouth. 

Absence  <rf  iWc  Effects. — Only  vctv  excosive  dosci  of  the  drastic  catliartlcs 
prodixc  Kriotu  effects  through  gastroenteritis.  A  relatively  mild  Irritation  sufficn  for 
active  caiiiandt.  None  of  the  vegetable  caihaiiics  are  at  ail  corraiive;  and  even  toxic 
dotted  CBiwc  necrotic  change*  only  as  the  result  of  excessive  inflsmTnaiion.  The  irrita- 
tioo  Ii  confined  to  the  intestinal  tract:  the  itronger  tnihartio  c^caiiici;  absorption. 
vUkt  tbc  milder  laiatlvei  would  scarcdy  be  irritant  even  if  absoibcd.  There  Is  coD- 
•equcaUy  do  danger  of  nephritis. 
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LocfttiOQ  of  Aedon. — Thk  is  of  practical  as  well  as  sdcDtific  intotsl ._ 
because  it  often  determines  the  choice  of  the  cathartic.    The  older  invo^ 
tigaliims  have  only  a  limited  value,  because  they  generally  involve  opera — 
live  procedures  which  arc  apt  to  reiwler  the  intestinal  movements  abflormiS 
or  to  arrest  them  altogether.     Cannon's  method  of  observing  these  mow — 
menu  in  intact  animaU  by  means  of  the  Roentgen-rayi  has  opened  th^ 
way  for  more  reliable  observations.     This  method  has  bcicn  applied  lc» 
pharmacologic  problems  especiallv  by  Magnus,  iqo(>  and  by  hi*  pupils- 
Thcir  results  have  been  connrmcd  in  man  (J.i,  Meyers-Bctz  ana  Grohanlt, 
tgii).    They  have  shown  in  this  way  Uiat  Senna  acts  mainly  on  thehigo 
intestine,  increasing  the  defecation-reflex.     Castor  oil  slimulatcspcristahis 
in  tlie  small  intestine.     Colocynth  stimulates  the  movements  of  the  snuU 
intestine  and  leads  to  intt^linal  elTusion.     Magnesium  sulphate  quicktns 
the  passage  through  the  small  intestine,  and  prevents  the  absorpiioo  of 
fluid  and  the  concentration  of  the  contents  of  the  large  intestine.    CaltOQcl 
increases  peristalsis  both  in  the  small  and  large  intestine. 

The  Konnal  Coumc  o(  th«  Food  ihrouKh  the  Alimmtmiy  CftoaL—The  toUo*^ 
dctcription  (.Muununj  applies  !kpccificull>'  to  cats  Icii  with  i;  I'.c.  of  potato  mash,  nUn 
with  5  Crin.  of  binmutli  lubiutrnte  (to  render  it  opaque  to  the  Kixjitgcn-n)i>  aiM 
ob«crvcd  with  the  flunroKopc.  The  plicnoincDB  are  similar  with  oUltf  food  tad  <■ 
Other  animul).  intludini;  man  (CnnDun,  loti). 

Pa«Mge  tbrough  the  Stomndi. — Immcdlaicly  nft«r  feeding,  the  itonuch  a  cnitrely 
filled,  with  n  (un-lu*  iliUu'd  ainl  rcsiiiiK.     In  iha  pyloric  antrum,  rcfulw  powerful 

gruIaUk  wnvi'i  uie  ob?iervcd.  swutping  ihi^  contents  ajjuln^l  the  pyloric  (phincie'' 
aquartcrof  anhour,  thcfooil  brgin.i  to  be  cipcUcd  into  the  duodenum,  dMllpattiCKn* 
at  ■  timEj  ihf  expulsion  bci'ii:  uimtOetcd  Id  two  «r  three  boun;  mcate  and  etpcd*IV 
lata  are  discharged  mote  slowl)-. 

pBHue  through  the  Small  Inte«tiiie. — ThU  exhibits  throe  motor  prnmBrr  ('.{ 
The  pi-nJiilum  tnovtrmFntt.  wlii^h  piudiirc  ati  allenialinR  "rythmic  KgmeatalfaM) 
of  the  contents;  ItncndinK  iind  miiing  the  ch>me,  and  exposing  it  to  a  huge  abaotbM 
■iirfaa.  (i)  Trur  CM-risinliic  wa\'cf,  ipricjirinB  from  time  to  time,  and  pfopcBing  M*J 
uktirc  conlBtkts  uf  tlic  luop  slowly  for  a  few  ccnlinicters  in  a  doicondinj  (ureclJMI.  (v 
Fcriataltic  "rush,"  sudden  wave*  of  conttocUun  sweeping  the  content*  iwiflly  thravUP 
long  tcR men ts.  This  is  seen  especially  under  p.iilKilogic  conditions,  sudi  as polMniM- 
IQ  cats  the  passage  of  food  into  the  cecum  beiiins  in  two  aad  une-faalf  to  three  to'*'} 
and  is  completed  in  icren  to  eight  hours  after  the  feeding.  The  passage  b  hasten^ 
by  ccllulOAc,  delayed  by  fat*,  and  cs|>cciiilly  by  meals  {v)mt  two  hours).  Ib  nun  t^ 
usual  time  of  api^earance  in  the  colon  b  tour  to  six  hours.    The  chyme  as  it  raadMs  thi 

colon  is  still  semifluid. 

Passage  through  the  Lafge  Intcstin*.— The  colon  is  divided  funclioaally  Into  €•" 
portions.  Till-  jnoximul  [Hirll-^n  rflecl*  the  concentration  of  the  chyme  by  a  cfcttniW 
piuceas;  eroupi  u(  pijvverful  asceniiing  (antiperistaltic)  waveB  Sweeping  the  CMltfiC 
■gaiosc  the  ilcO'cecnl  valve.  Extcni^ivc  ab^irplion  of  Quid  oocun  dutiot  this  pratfA 
SM  as  the  contents  bri:>>nie«  solidified,  fragments  are  leparaled  tram  th«  lower  portk"' 
fay  annular  conlractiuos  of  tlie  intestinal  muscle.  These  mniUies  then  wandu  v^'y 
Bwwly  lonatd  tbc  rectum.  The  pasMge  through  the  large  inteatiiie  oocnpka  about  *^^* 
tame  titn>-  as  thitt  of  the  srattll  intestine,  in  man  about  six  boura. 

IMecation  R«fl«x.— This  is  started  by  the  arrival  of  the  dhm  in  the  rectum.  T'^ 
pcMJy  iuBucnred.  however,  bv  the  scntitivencM  of  the  rectum  and  by  the  hatuti  of  ''* 
patient.    It  i='  here  ihiti  the  delay  In  constipation  mainly  occurs. 

Total  Tim*  for  the  Passage  m  Food. — In  man  the  journey  from  the  mouth  to  t^ 
rectum  is  m^dc  in  about  nine  hours;  the  further  delay  in  the  rectum  depcndi  on  t.*** 
habits  of  the  individual. 

Peculiarities  of  the  Catharties.— These  are  largely  explained  by  it*' 
mechanism,  the  location  and  the  severity  of  the  action. 

Time  of  Action. — A  cathartic  which  act.-t  on  the  large  Intestine  can  n^ 
produce  any  eficct  until  it  reaches  this  place.    Even  then  the  respon** 
will  depend  on  the  habits  of  the  patient.     These  become  less  tmportaV* 


VECETABIJR  rATHAHTICS 


163 


^Slh  ihc  more  irritant  cathartics.     The  usual  limv  o(  response,  for  the 
|B«>rc  important  cathartics,  is  as  follows: 

Salines,  one-half  to  oite  hour  on  empty  Momarh:  two  to  four  hours  if 

bed. 

^stor  oil,  one  to  two  hours  on  empty  stomach. 

Jalap,  three  houra  or  less. 

Senna,  four  to  five  hours. 

lobvb  or  Phenolphthalvin,  four  to  right  houn. 
or  Aloes,  eight  to  twelve  hours. 
Podophyllum,  ten  to  sixteen  hours. 

Colk  and  "Griping"  is  proportional  to  the  severity  of  the  irritation. 
2t  dtw  portly  to  increased  peristalsis,  partly  to  direct  irritation,  as 
ideoccd  ny  abdominal  Icodcmcss.    It  may  be  mitigated  by  belladonna 
^«3  carminatives. 

CotuitUncy  of  the  Stools  and  SimintitioM  of  Fluid. — The  consistency 
f&ricsfrom  the  soft  but  formed  stools  of  the  milder  Lixativcs,  to  the  watery 
Doobof  the  "hydragoRue"  catliarlics,  the  salines  and  dra.ilic3.  The  more 
tipVd  passage  of  the  inttslinal  contents  leaves  less  time  fur  the  absorption 
ei  fluid,  so  that  the  stools  always  contain  more  water.  Some  of  the 
othartks  also  pre\'cnt  the  absorption  of  fluid  by  osmosis  (salines) ;  or  by 
iab^Hlion  (aRar);  and  some  perhaps  by  inhibiting  the  absorbing  power  of 
(be  cpilbdium  (cantor  <m1,  calomel).  The  fluid  in  these  cases  comes 
mB)'  from  the  food  rather  than  from  the  body.  Even  large  doses  of  the 
•oUoacen  catliarlics  (senna,  cascara,  etc.)  do  not  increase  the  secretion  of 
IfittMloal  fluid  (Thiry,  Bneger,  FIcmming).  On  the  other  hand,  the 
initut  cathartics  (colocynth,  jalap,  etc.)  actually  produce  effusion  into 
fteuttll  intestine.  The  practical  results,  a.**  conccnis  the  water  supply 
•'the  tissues,  is  the  same  in  cither  case;  whether  these  arc  dcprivwi  of 
A>d  by  effusion  or  by  non-al>sorplion. 

Efnls  OH  Ike  Lotd  Circulation. — .\!!  catharsis  must  be  accompanied 

JTwoie  hyiieremia,  were  it  only  by  the  increased  intestinal  movement- 

^{rritant  cathartics  produce  a  more  violent  intestinal  congestion,  whidi 

ttloxb  aUo  to  the  peKic  organs,  and  thus  increases  the  menstrual  flow. 

lit  SysUmie  Circulation. — This  is  affected  indirectly  by  the  splancb- 

4UtIoD;  and  by  the  withdrawal  of  fluid  from    the   blood.     Both 

tend  to  lower  the  blood  pre.'isure  moderately.     The  heart  rate  is 

rcflady. 

CILKcIlMMiandHv-lind,  loij.  nude  a  clinicB)  study  of  thMct^RKis  after  (uUdsMS 
■  aid  aod  oompouod  idnp  ponvlcf.  The  taltcr  gave  wmcwlut  gnaler  rsults. 
•Winnie  decreuo  of  lur  »)'stolIc  pcrMurc  wu  17  per  ccnl,;  of  llic  iliaMoliV  ptvMurc, 
'(■(oil.i  of  tbc  pulac  pccMUii;.  14  per  cent.:  o(  the  heart  mlc,  u  pet  cent.  Th« 
gjlriw  iftaanlly  returned  \a  almoM  normal  witkin  a  day.  liujividuiil  cues,  ct- 
^■Ut «i  atteriMclerasis.  nvt  much  crmUr  hlls  ((rum  iSo  co  too  ram.),  ■gmctliBcs 
^  tti  ■ppeannoE  ot  «rytiimiM  and  mcrNMd  heart  rate. 

i^utnct  on  Dropsies. — Cathartics  favor  the  absorption  of  dropsies 

yaiwfaig  oB  liquid  from  the  body;  in  ascites,  the  emptying  of  the  intc5- 

jMMiso  removes  Nomc  of  the  pres.nure  from  the  veins,  and  thus  tends 

'  tW  temoval  of  the  edema  by  improving  the  general  circulation  and 

"■iaellow. 

Bimimatiou  of  Waste  Products. — Cathartics  are  employed  in  twph* 

''•lorrfieve  the  kidnc>-s  of  a  part  of  their  work,  by  eliminating  fluid, 

■Nprenmuibly  some  of  the  metabolic  producUi,  tJiruugh  the  stools. 
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Vric  Acid. — AU.  1913,  claimed  that  cathnrtin  incruM  tbe  clliulnalian  of  cndomn' 
out  uric  add.  SIchlc.  igij,  found  no  chnngc  with  Issatlveft,  bul  only  witli  dtagt  Ihit 
>lirDul*1«'  the  diitnlivL-  glands. 

Efftcl3  of  Cathartics  On  Bile;  Citolagogues.— The  stools,  with  modetalc 
catharsis,  have  usually  a  darker  color,  suggesiing  an  iiicrea.*ed  bile  conlcnt. 
This  i.s  not  clue  to  increased  secretion  of  bile,  as  was  supposed  by  the  older 
therapeutists;  but  to  the  more  rapid  passage  of  the  intestines,  leaving  less 
time  for  the  rcubsoqition  and  decomposition  of  ihc  bile.  The  dark  color 
of  calomel  stools  is  due  partly  to  mercurous  sutphid.  The  only  realljr  { 
effective  stimulant  of  bile  formation  is  the  administration  of  bile  or  bile 
salts;  salicylates  {5  Gm. per  day)  and  oHveoil  arc  perhaps  also  very  sU);hlly 
effective. 

Eiperlm«nta]  laveetigatkins  of  Cbolagogues.— Thi-  older  cxpcrimcnU  on  animaU 
with   liilini^   fiiitului,  gai'c  contradiclnn'  rcsiilu.  bccnuw  they  did  not  cxiMid  over 
sufiioii-nt  limo  lo  (iisi-ciunt  iht  riutUNtl  vuriHtion^  in  bill' flow.     KtliablceipfEriinenUan 
B  human  pulkct  were  made  by  Pfuff  and  lialcli.  1897;  Van  HcD^l.tgij;  and  IgnaMinki  < 
»nd  Monotsolin,  1914.     The  lust-nonicil  found  Ihc  bile  «ccr«1i()n  increased  bv  fmUof  ' 
animal  [irutFin,  mid  especially  lal.     SoaJiuni  sulkyjatc  waji  lesi  ellettivc,  and  bilC'add* 
lead.     Weinberg,   ign,    experimented   in    Pa*loiv'i  laboratory  K-ith  dogs  provided 
with  K^Mric  mid  biliary  li^tulnii.     He  found  the  order  of  cflicicncy  to  bt:  bIIc>to&p> 
album()se>bydrui:hlorii:  ui'ld>olivc  oil.     Nu  eflecl  «'a<t  ublainnl  wiih  glycerin,  egg 
albumen,  saccharose,  dexlrusc.  water,   normal  9>aliDC  or  «odium  carbonate.     Oka£, 
1915.  found  marked  increase  with  salicylate,  chloral,  fj>.\a\,  potjtt.  bilarl.,  bllo  lalls, 
adds,  and  lari;u  dosrs  of  ulcoLol.     A  sIIk'k  diminution  wati  caused  by  atiupui;  no 
effect  by  calomel  or  sod.  bicarb.     Food  increased  Ihc  wtrelion,  but  the  nature  of  the  diet  r 
was  generally   unimiiorlani;  fat;,  egg  nhilc,  nlbumo«e  and  meat  eitracU  produced  ' 
some  increase;  Elurch  hhiI  sui;ar  were  itidillerenl.     Volborlli.  1915,  teporls  diminuhed 
fiUinR  of  the  Ktt'l-hladdtr  after  milk  or  od;  increaied  tllinit  after  add  ot  bile, 

Evatuiilion  "f  Giilt-liUdiln. — KJee  nrid  Kniiepfcl,  1914,  found  thdt  thii  is  Mimubted, 
in  animals,  by  ealini;.  culraiite  o(  llie  chyme  into  llic  imcsline,  Injection  of  Wille'i 
peptone;  and  especially  by  the  adminislmlion  of  olive  oil.  No  effect  waiprmjuced  hy 
soap  or  iiydriH'ljliiric  acid.     WeinberR,  igii,  also  observed  Ibis  cflect  ot  oil. 

Aulonomk  Drass  on  GiUl-bladder. — Ijeb  and  MtWhorter,  1915,  found  thai  tbe 
musdes  of  the  gall-bladder  recdvc  ausmcntor  impuUci,  from  the  parB«vmnali)e(ic, 
inhibilory  from  ihe  ^lympathellc.  Tlie  autonomic  drujts  act  COrrMpondWly  l'<Jo- 
<%irpin,  barium  and  siropnanthin  itioiulate;  atropin,  c^inc^ihrin,  nitrites  and  bilealu 
rcUx.  The  rhythmic  movcrncnls  arc  increased  during  digestion;  or  on  the  introduction 
of  acid  into  Ihc  diiodi^num  (Okuda,  iQij). 

Sphinctrr  of  Biliary  I'^p^illa. —  Reach,  1014,  stales  thai  the  tone  of  this  is  increaifd, 
and  the  bile  l1ow  i:orres[>ondingly  hindered,  by  morpbin,  epincphrin.  pilocaipdn  aixl 
atropin. 

Therapeutic  Indicationa. — Cathartics  are  used  chiefly  for  thefollamng 
indications: 

To  relieve  constipation— cascara,  rhubarb,  phenolphthalein,  small 
doses  of  salts. 

To  soften  the  stools,  in  hemorrhoidal  and  other  rectal  diseases;  and  lo 
prevent  straining  in  aneuriam,  hernia,  and  apoplexy — pelrotatum,  cascara, 
podophyllum,  sulphur. 

To  cleanse  the  intestines  in  digestive  tlisturbances,  diarrheaii  and  other 
intestinal  putrefactions — ^calomel.  castor  oil,  rhubarb,  ca^^ara,  aloes. 

To  fadlitale  the  absorption  of  dropsies;  lo  relieve  the  kidneys  in 
nephritis;  to  lower  the  temperature  in  fevers;  to  rdicvc  internal  conges- 
tions, especially  of  the  brain— calomel,  large  doses  of  salines,  compound 
jalap  jwwdcr;  in  emergencies,  crolon  oil  or  elaterin. 

Catbarlict  are  perhaps  the  mo;t  ancient  method  of  inlornal  medication,  and  were 
(or  a  loTiK  time  praclicnlly  the  only  mrlhod.  T.ven  the  Grcelu  used  the  mioc  word. 
«af>iia>iii'.  both  for  Internal  medicalion  in  Kenerat  and  for  llie  um  of  CAtbartica  ht 
particular.     The  preicnt  V.nglish  word  phytic  a  similarly  applied. 
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Contraindications.— All  inllammatory  conditions  of  the  abdominal 
rfTUis  (p<.-titoiiitis,  gastroenteritis,  etc.)  preclude  the  administration  of 
teiiinal  irritants.  Pregnancy  and  menstruation  are  contraindications 
ibe  use  o(  the  stronger  cathartics,  since  the  h>pcrcmia  may  lead  to 
bdRxm  or  excessive  menstrual  flow.  General  debility,  tendency  to 
oUapee,  threatened  intestinal  hemorrhage,  and  toxic  spa^m  of  the  intes- 
are  further  contraindications.  Cathartics  should  not  be  u.'icd  Eo 
txsUoal  obstruction  or  jntussusct-plion. 

SMtuat  ComtifKitu>n.^ln  this  condition  ("chronic  intestinal  stasia"), 
Ltiurlics  should  be  used  as  little  as  passible;  the  condition  being  treated 
effectively  by  the  removal  of  the  cause  and  the  cultivation  of  proper 
tygienk  tnd  i^etetic  habits:  aided  by  the  mechanical  laxatives,  petrula- 
tvan,  igar  or  enemas.  .Small  doses  of  salts,  cascara  or  similar  aperients 
nsy  be  needed.     The  irritant  cathartics  should  be  avoided. 

In  alius  '•iltuHliti  ibt  rule  should  alnys  be  to  it»pl«y  lUt  mildrti  rtatdy  oMch  mil 
KC<KDpli&h  the  mull.  On«  rotton  for  thii  b  ihtt  itolt,  Dot  liquid,  stools  are  desirnl; 
bvt,  (utlWT,  n  "  bnbit "  b  qui  tc  readily  acquitnl  JO  tlial  the  to  ictuno  will  require  stronger 
■ad  iirooser  MirnuIJ,  and  llie  u»uit  CHtliartio  k'ikIujiU)-  Io«c  thdr  efficiency,  ir  tlw 
trotumcnt  baa  been  tx^un  nith  mild  mrx>urn.  iirati^cr  ddi^  are  left  [or  later  use  it 
McctiUxy.  The  habitual  wc  of  very  itritnnt  cnthonict  Is  obo  (luitc  opt  to  engender  11 
dironk  entcriiit. 

Tbarapeutic  Classification. — The  cathartics  may  be  dassified  accord- 
teg  to  llicir  clinical  characters,  i,e.,  mainly  by  the  degree  of  their  effects. 
Tbii  can  not  be  done  rigidly,  because  the  effect  varies  with  the  doM; 
Bwcover,  the  names  are  de6ned  somewhat  differently  by  individual 
■mWi, 

The  (ollowing  table  gives  a  useful  clinical  classification: 
I'  LtzatiTM  or  ^wnents. — Increase  pcristalsb  only  moderately,  pro- 
iodu  somewhat   more  frequent  stooU,  of  almost  normal  consistenc)-, 
*n<i  iU«  without  causing  notable  irritation.    They  arc  active  in  dosts  of 
wGm.  or  over. 
PtuUi,  Manna,  .Agar,  etc.;  mechanical  means  (massage,  enetnas,  etc.); 
'  'lur,  Hapttsia.   Carminatives,   Oile,  Bland  Oils  (OJrtw,  Cottonseed, 
l«im<i,etc.). 

(SmiQ  doses  oif  Cascara.  Senna,  Castor  Oil,  Rhubarb,  and  Ipecac  ore 
»«Uative.) 

)•  PuTgatiTM. — Increase  peristalsis  actively,  causing  more  frequent 
•«il!uid  stools. 

Ut  Simptc  Purgatives. — Active  in  dtnts  ai  0.2  lo  1  Cm.     These  cause 
•wQtlfcss  lolir  and  irritation: 
Alcet,  Rhubarb.  Senna,  Cascara,  PketuAphtbatein,  Caster  Oil,  Cahmd, 
•D  doMs  o(  dra.*lic*. 

(6)  S^ine  I'urgaliKS. — Active  in  doses  of  about  10  Gm.     Rather  pro- 
"■^iteiy  stools,  with  practically  no  irritation  or  griping: 
^fkale  of  Magnesium  or  Sodium,  Sodium  Phosphate,  Magnesium 
"'ale.  Potassium  BitarUate,  Rochelle  Salt,  etc. 

i-  Drastics. — Produce   watery   stools,  with  much  irrilatton.    l>arge 
■"btreapt  to  set  up  an  enteritis: 

Uilwium,   Coloc>'ntli.  Jatafi,  Scammony,   Gamboge.    PoHopbyilum, 
"WOil,  ihc  stronger  Mercurials,  and  Antimony  Sulphid. 

4-  Rjdragogues. — .\ll  H-liich  produce  watury  stools,  i.e.,  tlie  salines  and 

5-  ChoUgogues. — Were  supposed  to  increase  the  bile  flow: 
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Aloes,  Rhuhirh,  Mercurials,  Podophyllum,  I^uonymin,  Sod.  Salicylate 
or  Phosphate,  Add.  Nitrohydrochlor.  Dilut.,  Bile, 

Phannacologic  Classification. — The  cathartics  may  abo  be  divided 
ioto  the  following  groups: 

1.  Those  wltich  act  mainly  on  Die  colon  and  rectum,  inhibiting  colon 
antiperistulsis,  and  provoking  the  defecation  reflex.  This  includes  the 
drugs  containing  emodin  and  other  anthraquinon  derivatives:  Senna, 
Caacara,  Rhubnrb,  Aloe^,  and  perhaps  also  Phcnolphthalcin  and  Bile. 

3.  Those  which  stimulate  the  peristalsis  of  the  small  inteatine  and 
inhibit  the  antiperistalsis  of  the  colon,  but  wiihout  producing  muchi 
irrilation  or  cffusioo.    This  includes  Castor  Oil  and  probably  Calomel' 
and  Sulphur. 

^.  Those  which,  in  addition  to  these  actlonE,  cause  marked  intestinal 
effusion  and  irrilation.  This  comprises  ColocynUi,  Jalap,  and  presumably 
the  other  drastic  resinous  cathartics,  Podophyllum,  Elaterin,  Gamboige, 
Croton  Oil,  etc. 

4.  The  saline  cathartics,  which  retain  water  by  osmosis. 

5.  The  colloid  cathartics,  which  retain  water  by  imbibition:  Agar, 
Fruits,  Manna,  etc. 

6.  Emollient  cathartics,  such  as  Petrolatum  or  Olive  Oil. 

7.  Enemas  and  similar  local  measures. 


THE  ANTHHAQUINOH  OR  EMODIW  CATHARTICS 

Active  Constituents. — Senna,  Rhubarb,  Casicara,  .\li>cs  and  related 
drugs  contain  glucosidal  compounds  which  are  themselves  inactive.  In 
the  alkaline  intestine  ihcy  arc  hydrolyeed  or  oxidized,  yielding  various 
o^tymethyl-anthraquinons  (Buchfaeim;  Tschircb  and  pupils,  1899),  which 
produce  the  cathartic  action.  The  pure  substances  would  t)e  too  irritant, 
but  their  action  is  graded  by  their  slow  liberation,  and  by  the  presence  of 
colloid  ex  tract  ive.1.  The  most  common  of  the.se  substances  are  emodia 
and  chrysophanic  acid.  Numerous  isomers  of  these  arc  possible  (15  for. 
emodin  alone).  The  special  characters  of  the  different  drugs  is  probabljr' 
due  to  differences  in  these  isomers;  in  the  stability  of  their  glucosidal  com- 
bination;  and  to  the  presence  of  otiier  associated  substances  (tannin  in 
rhubarb).  The  action  of  these  drugs  never  progresses  to  inflammation. 
They  are  often  more  effective  when  given  in  divided  doses  (three  times 
daily),  than  when  given  in  a  single  dose. 

Emodin  is  partly  absorbed  and  Js  excreted  into  the  urfne  and  nilk 
(laxative  effects  on  sucklings). 

The  itruclurt  a(  these  nnthmquinons  is  shown  by  the  folIowiaK  (urmulu: 
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ffmitm  b  pnbdbly  the  must  Imporia&t  o(  thcw  priDciples.  Ii  a  pment  b  Oi* 
'BiMaiialoJ  to  I  p«f  i:cni.  mKciina;  «.6  per  cent,  in  frangulo;  0.6  per  cent,  in  cannrai 
^Bpncfiil.  In  ^pe  aloes:  aad  '■$  pcf  ■'<'"<' '"  rhuborb  ('tVhLrcli  sad  Hitiw). 

*^<n  it  U  acid,  itdditb  or  violet  wbcn  allutUnc    It  may  be  ndviiable  to  ncquoint  tbe 

ptUcm  dtb  thla  IkI. 

'iir  iru%f  liMtk  thoMM  Ike  cM«T  ^  Ikt  taint  ^k:  Ltrpcoed  (Ilematoxylon}  <lo«9  not 

(dd  ufiac,  but  proouce*  a  redoish  or  violet  color  in  alkaline  unne.    ^oatottA* 

a  yvBow  color  (o  add  win*,  witb  a  yollovr  foam;  if  the  urine  is  made  alkaline  tt 

I  •  veijr  ptvooancHl  pink.    Pkrk  add  pv«  reddish -brown  color  in  both  acid  and 

■ftaliat  «ntic.     Tbe  various  cmI-Im  prodiKli  give  a  bromiisb- block  color.     ilrlkyUn 

Uw  Inpana  a  gttta  color. 

Manner  of  Acttoa.— The  older  work  (Budihdm;  l^ppeiner  and  Tlrand). 

tSftq)  showed  that  their  action  is  mainly  on  the  Urge  intestine,  which  re- 
KUtn'  Increased  movement  al.>io  l»  intravenous  injection;  ami  lh:ii  ihcre 
i>  no  increase  of  iotr^tinal  scK.Tclion.  Tlu-  X-ray  experiments  of  Magnus 
*itK  senna  show  that  the  cffecu  consist  chieHy  in  increase  of  the  local 
dd«atioo  reflex,  and  inhibition  of  the  colon  antipcristalsiii. 

bMrianntt  «|  Hacmis  (1^09).— Scuaa  does  not  adect  tbe  course  of  the  chyme 
jMMn  tbe  stomach  and  tmoUiateatioe.  The  Gnt  eStct  occunt  wlien  tbe  aeruu  mche* 
■•MM,  M  that  tta  action  muU  be  atrfetly  local.  Here  it  inhibits  antipcriataUis  and 
^limnt*  tbe  coocemlrslion  of  the  fecci.  At  the  same  lime,  il  ilarli  the  defecation 
Wa.  It  thus  Icadt  to  the  en>uUion,  iinil  of  the  Milld  conirnli^  already  prcKnt  ia  the 
'■nn,  tad  then  of  the  more  fluid  contents  of  tbe  upper  colon. 

CASCARA  SAGRADA 

Ciicata  is  used  chiefly  in  habitual  ronstipation.     It  softens  the  stools 
.^Itottt  Doticeable  irritation.    The  susceptibility  is  not  lost  with  use;  on 
^aminiy,  the  esuiblishment  of  regular  hahiu  usually  permiui  it  to  be 
Qy  withdrawn.     By  its  bitter  taste,  it  acts  also  as  stomachic.     It 
rW  given  AS  thefluideztract,  15  drops  three  times  daily;  or  in  a  single 
.a  half  tcaspoonful.  in  the  evening.     This  causes  a  single  soft  stool  in 
taoming.     In  the  Aromatic  Fluidextract,  which  is  much  more  pleasant, 
fcof  the  bitter  and  cathartic  principles  have  been  dotroyed  (Wenzcll 
vK)  by  ao  alkali  (magnesia).    Il  may  be  given  in  twice  the  dose- 
It  il  eencrally  utatod  that  the  frtsh  batt  b  enurtic,  through  the  preiCDc«  of  a  (er- 
^  «fich  KndBally  tbtapfttara  aa  tbe  bark  is  a^ed.    R.  H.  Troe,  aod  KItigfa.  190Q, 
**M fad  aay  emetk  cflact  (toni  the  uaaced  bark. 

^httieaciaed  intcaline, caacara motsaod  the  rate,  but  Uaeeaed  tbe loteaoily  ot  tba 
TMOfau  (niuyt  i9i>)-  The  tone  is  incrcsMd  by  small,  and  lowend  by  laise  doaca, 
'■MWCDOoily  (Ott  and  Scott,  190S). 

nwoacm  i*adminiit«Md  hypodcnnically  (ai  irilhlbe  proprietary  "ParinaUlB'*). 
RMMhacnt*  arc  lapiiUy  abaorfeed  and  excreted  by  tbe  kidneys,  ptndndaf  ranil 
"frnw,  but  Mt  cstbania  (CbiMoai,  lou)- 

^.taaro  aacrada  ("Sacred  Bark''}  was  used  by  the  early  setllcra,  but  was  little 
J^J'^MthcprafeHkiBtiUmtnNluoedby  Bundy.  1877.  Jobiuon  and  Uiodman,  1914, 
""■w  ft)  faiitary,  comfioaitioa  and  biblMgraphy. 
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PRKPAXATIOKS — CASCASA 

Caseara  Sagrada  (Case,  Sagr.).  U.S.P..  B.P,;  Cascani  S.igrada  (Caicara;  Rhunns 
PurshianaJ.— The  dncd  bark  of  the  trunk  and  branchi^  of  thr  shrub  K)iiunnu»  Pm- 
shinnit,  Etorcd  al  least  one  yi-ar.  Tliv  acli  vc  principle  arc:  Caican'n.  which  is  a  calhirtin 
or  cmotlic  priaci^;  isoemtdin.  bitlcr  rrsiiw,  rlc.;  no  rhryMtrobin  i>r  chry^ophanJc  >cid 
(Jowett,  (904.  This  nuthoi  claims  that  rmodJn  Is  not  Ibc  m&ia  active  constituent  J. 
Dose,  I  Gm.,  is  gr.,  II.S.P. 

*  Ext.  Coicar.  Sarr.,  U.S.P.;  iCxT.  Case.  Sagr^Skc,  B.P.— A  poadcrcd  cutnct,  1 
Gm.  KprcM'nling  4  Gm.  of  drug,  U.S.P.     Dose,  0.15  Gm.,  4  gr.,  U.S.P. 

* Fldfit.  Cascar.  Sagr.,  ll.S.V,;Kxl.  Castar. Sagr. lAq.,R.V. — Dosr,  »  c.c,,  15 minjat, 
U.S.P.;  3  to  4  ce.,  Js  to  1  drnm,  H.P. 

*  Fldnt.  CiucJir,  Sagr.  Aram.,  U.S.P.  (AtoDiatic  Cttscan).— A  ivatety  ennci,  with 
the  bitter  principles  partly  destroyed  by  macenition  with  magnesia;  preserved  with 
35  per  cent,  of  alcohol,  favored  with  slycyrrhixa,  aromatics  and  Mccbaria.  Dnt, 
ace,  30  minims,  U.S.P, 

*  Syr.  Cttsf.  Atom..  B.P, — 40  per  cent,  of  Liquid  ExUnct,  flavored  with  orange,  dn- 
namon  and  syrup.     Dosr,  i  to  Jt  c.c,  K  to  i  dmms,  B.P. 

Frangula,  U.S.P.  (Buckthorn  Bart).— The  dried  Urlt  of  RhamnuK  Frangula.  Dnit, 
■  Gtn..  is«r.,  U.S.P. 

Fldext.  Prangut.,  U.S.P. — Deit,  t  ex.,  15  minims. 


SENNA 

The  effects  are  more  extensive  and  more  irritant  than  with  the  other 
drugs  of  tht-  group,  so  that  it  U  better  suited  for  acute  than  for  chronic 
constipation.  There  is  considerable  griping,  which  may  be  corrected 
l>y  carminatives,  or  by  the  previous  extraction  of  the  resins  wtth  alcofatd 
{as  in  the  Fluidex  tract). 

PREPARATIONS — SEMNA 

•  Stnno  (Scnn.),  D.S.P.;  Stnita  Folia  tSeon.  Fol.),  B.P.;  Senna.— Ttc  dried  leftAtta 
of  Cosiia  aculifoha  or  aogustifolia.  Introduced  by  the  Arabians.  Constituents: 
MlliUi-^Riodln,  senna- Isocmodin,  scnna-chrvsophnnic  acid,  and  other  anthraquinon 
derivatives,  free  and  in  gluosidal  comlHnallona  (Tutin,  1013;  Tambach,  IVis).  Dott, 
4  Gm.,  t  draro,  U.S.P.,  a,-i  caiharljc;  as  laxative,  t  to  3  Urn.,  is  to  to  in.,  iitttiatd  ia  a 
Cim  of  hot  water.  iAsiay  of  the  loxstivc  nostrums  {" CdttoHa-,  "Fig  Sjrupf  vsriout 
"Teas")  owe  their  activity  mainlj'  to  senna. 

A  preparation  for  hypodermic  use  ii  marketed  as  "Sennalin."  Beike,  1914, 
claims  good  effects  in  postoperative  ileus. 

Can/.  Stnn.,  B.P. — 10  per  cent,  of  powdered  Senna.  Diat-.^  loSGm.,  ilot  draaiSi 
B.P. 

Inf.  Sent!,,  B.P. — 10  per  cent.,  with  Ginger.  Dost,  1$  to  jo  c.c,  H  to  1  ounce, 
repeated:  single,  bo  ce.,  i  ounces,  B.P, 

inf.  Semtt.  Co.,  U.S.P.  (Black  Uiaught).— 'livTcifr  dosr-,  iio  c.c,  4  ounces,  U-S.P.. 
eontamt  about  7  Gm.  of  Senna;  ij  Gni.  of  MaKiiei.  Sutph.,  with  Manna  and  Fenad. 

FUtxI.  Stnn..  U.S.P.— />»«.  1  c.c.  30  minims,  U.S.P. 

Mist.  Stnn.  Co.,  B.P. — »s  P«^'  <*"'-  w  Magoes-  Sulph.  ia  Inf.  Stnn.,  with  aroouUca. 
Dost,ia  to  60  C.C.,  I  to  1  ounces,  B.P. 

•  Syrupits  Stmut  (Syr.  Sciui.),  U.S.P. — as  P"  "^t.  Flavored  trilh  coriander. 
Dost,  4  ce..  I  dram,  II.S.P. 

•  Syr.  Senn.,  B.P.— About  40  per  cent.,  with  (.-oriander.  Dost,  1  to  8  ex..  H  to  > 
drams.,  B.P. 

Tr.  Stnn.  Co.,  B.P. — 10  per  e«nt.,  with  caraway  and  coriander.  Dott,  «  to  4  cc, 
H  to  '  atam.  repeated;  single.  8  to  is  cc  1  to  4  drams,  B.P. 

•  Pulm  Glycyrtkiza  Composiius  (Pulv.  Glyeyrrh.  Co.),  U-&P,,  B.P,  (Compoiuid 
Licorice  Pow  de  ( J.— Greenish -y  el  low  (n  n'ccnish -brown  powder;  odor  of  fenneL  Aver- 
age dose,  4  Gm.,  I  dnun,  U.S.P.;  contains  about  0.7  Gm.  of  Senna,  o-i  Gm.  of  Sulphur 
and  a  little  Fennel  oil.     Dinf,  4  to  9  Gm.,  1  to  1  drams.  B.P. 

Stnna  Fnutus  fSenn.  Kruct.),  B.P.;  Senna  pods.— The  dried  ripe  frnits  of  Caasia 
acutifolia  or  an);u«tifolia. 

Coisia  Fructiit  (Gal's.  Fruct.),  B.P. — The  ripe  fruits  of  Cassia  Fistula. 


VEGETABLE  CATHAKTICR 


C»ni»Pulp>i  <C*>s.  Pulp.),  B.P.;  Cuda  Pulp, — An  cvspnralod  aatery  fxiraft  ot 

RHUBARB 

Tib  ooDtoins  a  ccm»iderab1e  quanlily  of  tannin  s&  wdl  lut  ralhanic 
frindplcs.  The  astringent  .tction  prt.-<lnminiitr«  with  smaller  doses 
io.05  Ut  o..t  Gm.)  and  thesf  arc  used  as  astringent  liittcr  in  gastric  cit-irrh, 
lad  ia  diarrhea.  Larger  doses  (i  to  s  Gm.)  arc  laxative  with  little  colic. 
Tbcy  mv  be  employed  ui  cbninic  constipation,  but  the  astringent  action 
MM*  it  inferior  to  cascarti.     It  may  cause  skin  eruptioas. 

CtBKitMats  (I'ulb  and  Clcwcr,  igit}.  The  cathartic  prlnciplra  arc  mainly  a 
'Ma,ai»flucodda),but^*id(li(i|conhydrolyaiitvarioui>aothr8C|uliiondcrivuUvn.  wliich 
tboctiit  futly  (m:  tbaa.  (modiii.  nloc-Mnodin,  ch(v«a|>huiic  add.  etc  Tbc  a^irin- 
nt  pbciplei  are  ^uctniclal  comuoundt  <if  laonln  (rboolannlc  add),  and  gallic  add. 
ikn  M  tin  a  lai^  amount  of  calcium  uxalnte. 

PREPARATIOSS—RHCBAIUJ 

Unm.  U.S.P.J  Ahti'  Rkia..  B.P.;  Rhubarb.— From  Rheum  offidnate  and  probabk 
Wbir^Mcki  erowing  in  Cbioa  and  Thibet.  (The  tpecict  of  Rhubaib cultivated  in  thu 
aatqf  m  devoid  of  catbanic  properties.)  Rhubarb  hus  been  used  mdcc  antiquity 
bOfaa,  andby  [be  Romui  phytkbuft.  D«te,  i  Cm.,  tj  gr.,  V.S.P.;o.i  too.6  Gm., 
m  lOR    KpMtcd;  fiiiKle,  i  to  3  Gm.,  i;  to  jO  gr.,  B.P. 

£s.  MriL,  U.S.P..  b.!*. — A  powdered  extract,  i  Gm.  represeBtlns  i  Gm.  of  drug. 
Uif.    Dm,  o.»s  Ota.,  4  gr.,  U.S.P.;  a.xt  to  0.5  Gm,.  1  to  8  gt.,  B>. 

tidal.  «W,  U.S.P.— Dw,  »  cc-  ij  minims.  U.S.P. 

'5|  KM,  B,P. — s  per  cent.     Dun,  15  to  JO  ex..  *S  to  t  ounce.  fl.P. 

«ikJUfiri5<>tf«,N.F.— Sod.  bicarb.,  3.5  MT  cent.,  FluidcxI.  Rhubarb,  t.s  per  cent.: 
™*W.  Ipecac,  0.3  per  cent.;  Sj).  PcppMroini,  Glycerin,  nod  Waicr.    Diaf,  4  c.c,  i 

_  NL  XW  C«..  U.S.P.— Each  plU  oonuuiu  0.1 1  Gm.  of  Rhubarb,  0.01  Gm.  of  Atod. 
ftiyopUhLU-S-P. 
n.  JCM  Co.,  B.P.~Pilt-maa<i  coaiAininB  15  per  cenL  of  Rhubarb.  »  per  oenL  of 


^M**- 14  per  cent,  of  Myirha.    D«ik,  0.15  to  0.5  Gm..  4  to  8  gi.,  B.P. 

ftk  tin.  Co..  U.S.P.,  B.P.— »s  per  ccoi.  of  Rhubarb.  65  per  oeni 

■*p«rtnL  of  GiAKer,  U.S.P.;  the  B.P.  formula  (1  almoftt  the  same. 


r  ccDl.  of  Rhubarb.  t>s  per  cent.  Maga.  Oxid,, 

P.  formula  (i  almoAt  the  same.    Doft,  t  Gm., 

J»P-  t'.S.P.:  o-t.  to  4  Gm„  1*  to  60  «.,  B.P. 
„Vikf,U.S-P.—  (o  per  cent,  of  Rhubarb;  i  per  ocat.  of  Pot.  Carb.;  flavored  with 
Q*|W.  Owe,  locc,  jHdram*.  U.S.P. 
%  AW,  B.P.—;  pe«  cent.,  with  Coriander.  Dtttt,  t  to  S  ex.,  3^  to  ]  drami,  II.P. 
3)».  AAn  AnrmMkut  fSyr.  Rhd  Arom.),  U.S.P.!  Arom«lic  Syrup  of  Rhubarb. 
'{(■rtm.ofTr.  RheiArom.;o.i  percent.  Pot.  Car b.  />!>».  locx.,  iH  drams,  U.S.P. 
^  '''  XM,  U.S.P. — w  per  cent.;  flavored  with  Cardamoo.    Dow,  4  cc,  1  dniB, 

-*J'*tura  Aik«i  ^IronijrK.i  (Tr.  Rhei  Arom.},  U.S.P.— jo  [ler  cent,  flavored  wilb 
^•'••o.  Clove  and  NutmcR.    Dvit,  !  cc,  30  min.,  L'.S.P. 

'lanwn  RMti  Com^iiu  <Tr.  Rhei  Co.),  B.P.— 10  per  cent.:  flavored  witb  Caida- 
*^ud  Cortaadrr.  D-u.  j  to  4  cc,  H  to  1  dram,  rcpmtcdi  uegle,  A  to  16  cc,  1  to 
'W*.B.P. 

ALOES 

G«iitTal  Statement— The  inspissated  juice  of  the  leaves  of  various 
Vde»  nf  AJoe  from  the  West  Indies,  Africa,  etc.,  furnishes  the  different 
'^Mnilial  varieties  of  aloes,  which  differ  Spomcwhat  in  composition  and 
"^  They  contain  anthracjuinon  derivative.*,  eipecially  aloins  (lo 
^^  It  per  cent.).  These  arc  Rluciiiids  which  are  probably  inactive  thvm- 
***;  but  which  yield  cmodin  and  other  active  aothraquinon  derivatives 
*dtiva^.  This  cleavai^e  occurtt  in  tlie  intestine;  it  i*  favored  by  allkalies 
■d  perhaps  also  by  Wle  and  by  iron  salts.    .\l<«n  may  be  used  as  stich, 
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but  is  generally  considered  less  satisfactory  than  aloes.  Aloe  is  mtaoAy 
bitter,  so  that  it  must  be  administered  in  pills.  Very  small  doses  may  be 
used  as  stomachic.  Moderate  doses  are  simply  laxative,  but  somewhat 
apt  to  gripe,  and  arc  tlierefore  commonly  combined  with  belladonna  or 
carminatives  (myrrh,  etc.)-  They  do  not  lose  their  elYicicnc>- on  contin- 
ued use  and  would  be  suited  to  habitual  constipation,  but  have  no 
advantage  over  cascara.  Aloes  arc  believed  to  produce  considerable 
4X>ngestion  of  the  pelvic  organs  and  are  therefore  con t rain dicaled  ia 
hemorrhoids,  menstruation  and  pregnancy.  On  the  other  hand,  they 
may  be  used  as  emmenagogues.  They  are  especially  valuable  for  owrect- 
ing  the  constipative  action  of  iron  medication. 

Hypodermic  AdministratJon. — AIoId  is  nlw  cSective  <iubcuuncou«ly,  bdajt  txcntei 
Into  the  largr  tnlesliiii^i  bul  Uila  method  h  loo  paio/ul  (H.  Meyer,  iSqo). 

Aioia  Nephritis.— In  rabbils,  hypod»iDiciiiji.-ctioi)(ic^pcr  Icilo^TiiJSalsptrcat, 
rciiealcd  nil  I  wo  to  three  successive  daysl  produces  k  tubular  ncphiilui.  Ttieaastiw^ 
lesions  have  been  invcstjgnled  especially  Ijy  Milrset  (i88s);  Iney  ue  practically  the 
B&me  in  ncuic  and  chronic  pobooittg,  and  conflist  rosinty  In  aenencratlon  of  the  epilbe- 
lium  ol  the  convoluled  tubules.  This  tuses  its  striations  and  staining  qualities,  aad  tbe 
nuclei  disapprar.  The  glomerular  epithelium  is  but  slightly  nltcrcd,  oiid  the  gloiMJulat 
vcEseb  show  no  lesions.  Tlie  urine  may  be  increased  or  dlminisbcd  and  contaiu  pro- 
teins, leucocytes,  casts,  crystals,  and  blood- 
Metabolism. — There  is  also  an  incieu-ted  protein  metabolism,  rctulting  in  riw  of 
urea  in  mammols.  of  uric  acid  in  birds.  The  latter  may  tbcrelore  develop  gout.  Be(i 
«how  some  fever  (Bcrror,  igi^). 


PRBPABATIONS — ALOES 

*Ahcs.  V.S.V.,  B  r.;  Aloes— The  dried  juice  of  the  leaves  of  Aloe  ipeciM;  Alar 
Perryi,  yielding  Soeotrine  Aloes;  .Moe  vera,  yielding  Cumco"  Aloes;  Aloe  frrox.  t-ieMUns 
Cape  Aloes  (Natural  history  of  the  commctcial  aloes,  Wilberl,  igo.O.  Aloe  wai  umq 
by  the  Greciss  and  probably  by  the  Egy-ptlnns.  Brown,  opaque,  glnsiy  ma.i*cj;  aromatic 
odori  nauseous  bitter  taste.  Partly  sol.  in  water;  completely  mjI.  m  ale-  tht",  e.*s 
Cm..  4  gr.,  U.S.P.;  o.ii  to  0,3  Gm.,  »  to  s  Kr,.  B.P.;  bwt  as  pills. 

Dtc.  Alofj  Co.,  B.P. —  I  per  cent,  of  Ext.  Aloes,  with  Myrrh.  .AromatioandLiquovice. 
Dost,  ts  to  60  c,c.,  H  lo  i  ounces, 

£K-  Aha,  B.P.— A  powdered  watery  extract.  Dose.  0.06  to  o.*s  O™..  '  to  4  V; 
B.P. 

PH.  Atots,  U.S.P. — 0.(3  Gm.,  1  sr.  of  .Moet,  with  Soap.     Desr.  two  pilb,  U.S.P. 

Pit.  Ahes,  B.P.— 58  per  cent.,  with  Soap  and  Caraway  Oil.  Dost,  a  35  10  0.5  Co., 
4  to  8  gr.,  B.P. 

PU.  Ahfa  el  Asafri.,  B.P. — 30  per  cent.,  each,  of  Aloe*,  AiafeL,  and  Soap^  Dm*, 
o,JS  to  o.s  Gm.,  4  to  8  gr.,  B.P. 

(pa.  Aloes  el  Fen.,  see  Index.) 

PH.  Aloes  et  Myrrh.,  B.P, — 44  per  cent,  of  Aloes,  ti  per  cent.  afMyrrfa-  Dost, 
o.»S  to  OS  Cm.,  4  to  8 gr..  B.P. 

Tr.  Aioes,  U.S.P, — 10  per  cent,  of  Aloes,  with  Glycyrrhiai.  Doit.  >  c.c,  30  mlRlmt, 
U.S.P. 

'  Aleinum  (Aloin.),  U.S.P,,  B.P.;  Aloin.— A  peniosid  or  mixture  o(  pcntotidA 
obtained  from  aloes  (usually  from  Cura^oa.  W.  Hills,  looSJ.  varying  in  chrialal 
compoRJiion,  [ihyiical  and  dicmicnl  properties  according  to  tbe  source.  A  y«Uow 
microcrystallinc  powder,  practically  odorless.  Intensely  bitter  taste  SoL  in  water  and 
ale.     Doitj  o.ois  Gm.,  \\  gr.,  U.S.P.;  o.oj  to  0.13  Gm.,  W  to  i  p.,  B.P, 

PC  Aloin.  BrUad.  a  Slrycin.  (Pil.  Laiativar  Co..  U.S-P.  VTII).— Each  conlaini: 
Aloto,  13  mg-  (ii  gr.);  Strychnin.  O-S  mg.  (Hm  8r-)i  Ext.  Belladoon.,  8  tag.  (H  fr-); 
Ipecac,  a  mg.  (i^n  gt).     Dose,  Two  pills. 

iV'Kdipiq  — Tbi^  diSen  from  tbe  Other  aloins  in  corupositlon,  sod  is  mora  difficultly 
hydrolyied  (H.  Meyer). 

Syttihtik  oitlkracen  derhaiha  with  laxative  action  have  been  prepared,  but  have 
little  practical  importance  (purgalin.  autbrapurpuria  diacetalc;  txajin,  methyl  esten 
o(  dlacctyl-bcxaoi^.anthraquinon). 
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TUsisn  rntW  tasteless  purgalive,  acting  prohiibly  on  the larRp  intestine. 
It  a  but  little  absorbed  from  the  ulimi-ntury  cunai.  un<t  it,  ordinarily  non- 
Woe  even  in  larf;c  d<»c3.  It  may  be  used  in  habitual  con-itittation, 
udbttbecn  cjtploitrd  under  Ke\'i-ral  proprict3r>'  names  (purgcn,  mans, 
rtc).  Phenoitettacktorphthaifin,  o^  Gm.  dissolved  in  90  ex.  of  neutral 
(£iT  oD,  has  been  suggested  as  a  subcutaneous  purgative  (Abel  and 
RonQtree,  1909;  Rowntrcc,  ipio).  PhenolndpUotuphtlMkin  is  used  to 
tot  the  excretory-  efficiency  of  the  ki(lne>-s  (Abel  and  Rowntrec,  1900; 
Rontree  and  Geragbty,  1910;  Chcsney,  Marshall  and  Rovmtrec,  1914). 


—J.— The  pumtive  effect  of  thb  tsmilinr  indicnlor  h-ih  diecovtm]  by  v.  Vuao«y, 
•(00.  Iikpoean  to  MGOOOMCtcd  with  tbr 'jiiinon  tttuciiirc.  It  hat  been  invMti^ted 
ryifaKJliilly  by  V,  Vonxmy,  igoi;  Tuniiidifle,  1003;  Klcig,  1903;  Abel  and  Rown- 
M.NB9,  etc.;  and  clinkaJty  by  Dornbtucth,  190J,  and  many  othrn.  Animnk  an 
HtelM  ausceptible  than  nun.  Otl  and  Stoil,  rooS.  found  tvlrkncv  thai  it  axU 
dnefjr  n  the  muKle  of  tbe  exciwd  int»lhc,  (Mdg  and  olhm  altributc  the  action 
UiKnusd  lotettioal  xoetion,  but  the  evidence  i^  not  uliifoctoiy.}  It  atXt  aim  no 
^ridcmlc  Of  lairavtaous  admin iMra lion,  rcnchintt  the  inlntiDS  throuKh  (lie  bite, 
n Ueod  preMore  i*  Karcdy  aSected,  rven  wh«i  lurgiie  doitn  are  injected  into  ■  vein 
(TtaiciSc;  Abd  aad  Rowntrcc,  etc.);  the  kidnc^-i  are  not  irritated,  nor  arc  there  any 
Okt  nHenfc  «dFccts.  Phenotphllialcin  itj<!f  dors  not  produce  local  Irritallon,  but 
htHMkialt*  ari^  highly  irrilant.     Il  a  not  bactericidal  (Abel  and  RowDlrM). 

IhMpdoa,  Fate  aiid  Excretion. — rhcnolphthalcin  is  toiolublc  in  addi,  but  nvta  * 
fU  MMlon  vriiL  alkalies.  Il  p>4u««  th«  ttomafb  un^hsngMl.  It  a  paitialTy  d!a- 
NMii  ike  albdhie  iBteUioe,  b^t  very  little  b  abMrbed,  almost  the  entire  quantity 
(•w  8j  per  cent.)  appearing  uncbannd  in  the  feces  (Vamouy).  After  largie  daw*, 
ttmiif  fouod  tn  ttic  urine  (Flag;  Efaner,  iqoq),  which  ut  then  coloitd  violcl-rtid  by 
i*da(GTuebler,  1906). 

Uttr  hypodermic  administntion,  it  it  excreted  by  the  urine,  feces,  saliva,  teat*. 
<>t  The  acrelion  Is  vcty  taind,  beginning;  within  fifteen  minutes  and  ending  in 
Nt  l»  (iehtocn  boots.  In  the  urine  it  exists  fattiy  free,  partly  conjugated.  The 
ht/4iiSt  dbtolvc  it  nwrc  rcod-ily  ilian  water  (Fleig).  It  a  excreted  into  ibc  intciitinc 
M^r  hf  tbe  bUe,  and  h  (o  wmc  cxir-nt  rmb«irt>cd  in  the  larje  loltstlne  (Abel  and 
tanincl.    (The  Iste  of  ibe  phtbalelnD  la  alio  dis:u»ed  by  Kutle,  1906,) 

Toic  Bflocts. — Only  a  few  doubtful  cuu  ucc  on  recora  (Itolx,  190^1  Bc*l,  1406; 
^,  iQii;  Oriand,  1913,  etc.).  Thnc  prcKniod  phenomena  of  tntcstinal  irritation, 
■injicodiag  in  recovery.  Hydridt,  1914,  claims  iliat  even  oxij  to  o.ic  Gm.  produce 
9A  miatantly  a  alight  albumiaaria,  laitfaig  one  to  three  dayt.  On  tne  other  hand, 
'■r  ^ttfi  ilwee  h«ve  often  beta  lIvMi  without  bad  effects:  to  man,  scveisl  fcama  by 
■>n,AS  Cm.  subcvtoneously;  to  <Ioi!«,  i.aj  Cm.  per  IdlojTnni. 

AikBhustnttioii. — Phenolphtbalein  may  be  ukcn  in  the  e%'ening,  as 
,  a^Mutes,  or  lozenges,  in  doses  of  o.t  to  0.1  Cm.,  i}^  to  3  gr.;  for 
I  patientA,  0.5  Gm.,  S  gr.;  for  children,  0.03  Gm.,  )4  gr.  These 
•Bller  tloses  soften  and  regulate  the  stools  for  several  days,  with  little 
*  W  oolic.    Latge  doses  are  hydragoguc. 

PRCPAXATIONS — Pll  BNOLPUTlLVI.EtM 

'fhmtlfUMfimMtn  (Pbcnolphthal.),  U.S.P..  B.I'.;  Phenolphlbalcb  (Dlhydroxy- 
mWD^bcMne),  (CtH.OU},CU,CJl,Ca.— White  crysuUine  powder,  odorlew  and 
*'l>a.  AtmoM  intoL  in  water,  roL  in  olc  (i:ij).  Aur,  0.15  Gm.,  1}^  gr.,  U.S.P.; 
WjWMCm..  alosgr.,  B.P. 

rtmtMtiumtfJUkakim,  N Jt.R,— The  preceding,  with  CO  replaced  b>-  S0».  Ont, 
'■t.uiMtof  kidney  function  ffor  detaib,  >m  N.N.R.). 

SILB 

The  idniinistralioii  of  bile  or  bile  salts  tsodium  glycocholatc  and  tau- 
)  stimulates  the  secretion  of  bile  (PfatT  and  Balch,  1S97),  increases 
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peristalsis  (Staddmann,  i8q6);  acts  a*  antisqitk  (Limbouif;),  and  facili- 
lalcs  the  digestion  of  fat.  They  have  been  ad%'ocatcd  in  obstiuciive 
jaundice  and  in  biliary  fistulas;  but  Iht-ir  effects  arc  not  very  pronounced. 
Added  to  enemas,  bile  is  used  as  a  laxative  against  impacted  feces  and 
against  ascaris,  but  has  little  advantage  over  soap- 
Peristalsis. — On  excised  small  iDt«»tii)f8,  or  lirge,  bile  nr  hilc  n»h%  pmduce  : 
licprcsiion  (Oltand  ScotI,  1909;  il'Errico,  1910);  but  llic  large  iiitciUnci  nuy  be 
iilftlcd  (Scliuepbaeh,  1010).  In  man,  cvacuBlion  is  assured  especially  by  enema*,  \mt' 
also  by  oral  adminislmlion  (GlaesMicr  and  Singer,  1910). 

Excised  Ul«njs.-^Itilc  and  bQc  salts,  in  moderate  coocenlrationi,  iiictrai«  ibe  «cm> 
tntctloiis  of  the  [jrcgnant,  not  of  ihc  virgin  uierus.  High  conccntnttioos  iabibit  (Can- 
toni.  lout- 
Toxic  Acdons. — Rile  is  non-todc  by  moutli.  but  when  injected  into  the  cuculation 
(Mcilitf  nijii]  Solsnt.  iyos>  190'';  Kuating  and  Brown,  191 1)  it  prnduon  srvftc  ncn'oui 
and  cardiac  depression  (Brandenburg.  190,);  Glur,  ii^oo)  and  hemolysis.  It  is  aJ>o 
dirt-rtly  toxic  to  muscle  and  nerve.  J.  II.  King  and  H.  A.  Stewart  claim  that  the  pJK- 
mcntfcaic  mainly  rcsprmsibklorihcdfcuIalorycBccts.  However,  l>Ilc).«dds  are  highly 
toxic.  Small  do^cs  atimulaie  Ihc  \'agus  ccnlcr;  larKer  do»es  depress  the  betut  dircclty, 
with  slow  irregular  pulse  and  tow  blood  premure.  They  also  produce  depieiuoD  of  the 
mcrlull.irv  C'lit'.-ts,  ciiin.i  ii"ij  |i*ralvBi»;  and  hemolysis  and  oell  destruction. 

Bile  &all5  in  Gonorrhea.— Lorhic in,  1909,  introduced  the  local  injectioD  of  bQe 
Mits  in  the  acute  sto^e  for  destroying  ihc  gonococci.  V.  Ilofmoiui,  1911,  fouad  that  t 
to  }  per  cent,  bad  lililc  eflecl;  5  to  to  per  cent,  pave  bciicrbut  only  temporary  results 
These  were  improved  by  following  with  silver  injections,  or  by  uung  a  solubje  »aver- 
bilc  acid  compound. 

PREPARATIONS — BILE 

Frl  Bmit,  l^.S.P.;  Chgall.— The  frcah  ImIc  of  Bos  laurus. 

Frl  Bovinum  Funjkalum  (Fel  Bov.  Pur.),  B.P.;  Purified  Ox  Bile.— An  enponttcd 
alcoholic  eilraet.     Daif.  0.3  to  t  Gnu,  s  to  is  nr.,  B-P.;  as  enema,  trjo, 

•  Exlramm  PrlUs  Pmi  (Kxt.  Fcl.  Bov.)U.S.P.;F.xtmclof  OxsalKPurlfiedOtgidl). 
— An  alcoholic  extract  of  bile,  evaporated  and  mixed  with  slarch;  i  Gm.  rcpreiefltias 
8  Gm.  of  Oxgall.  Very  bitter  yellow  powder.  Dost,  o.i  Gm.,  i)j  gr.,  U.S.P.,  in  pIDs 
Ot  formaldchyd-bariloned  c«psules.  As  cnama  i%. 

Siie  Salti,  N.N.R. — The  various  cummercial  [sreparations  are  used  as  p31s,  generally 
Ou05  to  0.5  Gm.,  )j  to  I  gr.;  or  belter  us  t>uppasitorlcs,  in  the  ume  doMgc. 


CASTOR  on, 

Thiii  consists  mainly  of  the  triglycerid  of  an  unsaturated  fatty  acid. 
Ricinoleic  acid.  The  neutral  (at  is  not  active,  but  becomes  so  when  ii  is 
saponilied  in  the  intestine.  The  cathartic  effect  is  due  mainly  to  motor 
stimulation  of  the  small  intestine.  The  intestinal  secretion  is  not  in- 
creased, the  fluid  character  of  the  stools  being  due  to  the  quicker  passage 
of  the  feces. 

With  the  usual  dose, '  a  to  i  ounce,  the  response  is  certain  and  complete, 
resulting  in  a  few  hours  in  one  or  two  extensive  semifluid  stools,  with  but 
little  hjiperemia  or  irritation,  there  behig  little  or  no  colic.  The  c\'acua- 
tion  is  so  complete  that  there  may  be  some  aftcr<onstipation.  It  is  es- 
pecially suited  to  the  treatment  of  acute  constipation  or  acut«  diarrhea 
from  dietetic  errors,  ptomain  and  other  poisoning,  etc.  It  is  less  useful 
for  conlinuous  use.  since  this  may  produce  gastric  disturbance.  There  is 
some  pelvic  congestion,  so  that  ii  is  avoided  during  mcastcuaUon  and 
pregnancy. 

MAChanisniof  Action.— This  has  bccDitudlcl  with  z-iayby  Manui.  190S,  and  hi* 
ohiK^s  aiions  liuvr  been  cunlirmed  OB  nun.  The  pure  oil  dclayit  iuightly  the  parage 
tbrouGh  ihcifcmHicAta^dooiberneutmloiU).  Rant  id  oil  hailciulhc  iiastnc  cxpiiliMA. 
In  the  imaH  inltttiiK,  the  segmenting  movements  and  peristalsis  are  greatly  incnuwl. 


VEGETABLE  CATHARTICS 

•0  that  the  enultion  may  be  completed  in  two  hours  inMntii  of  the  nonoDl  nght  houn. 
Id  the  felon,  the  normal  onlipcristaUU  is  allayed,  so  ibat  the  (vets  eKauc  <:i:>  tic  cu  Ira  lion. 
The  propuliive  raoremiMits  oi  the  colon  are  not  much  increo-ied.  but  the  paiMige  of  the 
fecal  outcrial  is  hastened  by  its  thinner  consiMency. 

In  China  it  b  used  a*  (to  article  of  diet.  The  properties  o(  Castor  Oil  were  knows 
to  Herodolui;  but  Croloo  Sc«ls  were  first  described  in  the  middle  of  tlie  »ii I eentli  century. 

Adffljolctntioa. — II  i»  bcsl  given  on  an  cmply  slomnth  an  hour  before  brcnkfott. 
Ttie  taste  vany  be  wmewhat  disguised  by  wetting  the  mouth  with  hot  ci>flee  or  milk, 
•nd  ^viag  the  oil  Sontlnic  in  these  liquids,  so  thai  it  will  not  be  no  adherent.  The 
after-Uste  mov  be  mitigated  hy  peptwrmint  ur  bread.  It  ij  »oiQetiine(>  ptcferrcd  in 
emuiiiomt:  N.P.,  tx  per  ccni.;  B.P.  (Misluinl,  iO  per  cent,,  flnvored  with  orange  fiower 
and  dnnamoB,  Irie  toft  tdatiit  cafiutei  are  trie  only  lsMr1c«8  method;  but  since  the 
onlJniry  ««  ooniains  only  i  c.c,  it  ii  difficult  to  admiuistct  00  effective  dose.  (For 
other  methods,  wcJ.A. MA.,  00:1 174-) 


phrparations — ciastob  oil 

*  OUum  Rieini  (<M.  Ricia.),  U.  S.  P.;  Coxtoi  Oil.— A  fi^icd  oil  exprcMed  from  the 
sci  of  Ridnus  communis.  An  almost  colorless  viscid  oil,  of  faint  but  chnr.icteristic 
odor  ajid  taatc,  extremely  diiOKrceable  to  many  persons.  Sol.  iQ  an  equal  volume  ol 
klc  Miic,  IJ  C.C.,  4dram^  U.S.P.;  4  Co  jO  c.c,  t  to  S  drams,  B. P.;  for  infants,  a 
tes&poonful.    Alao  med  as  hair  tonic,  diluted  with  1  to  10  vol.  of  alcohol. 

Ifi'iJ.  tX.  Rkin,  B.P, — X  37.5  per  cent,  emulsion.  Dose,  30  to  60  CC..  1  to  1 
oances,  B.P 

RICIN 

Occurrence,  Clinical  SympCcms  and  Treatment. — Thin  toxin  is  contained  in  the 
caaUK'  seeds,  but  docs  not  pass  into  the  oil.  Similar  phyto-loxin»  occur  in  ciocon  seeds 
(OoUn);  aad  in  jequirity  seeds  (Abrinj^  in  the  bark  ul  the  locust  tree,  RobiniaMcud- 
aoda  (Robin):  and  in  the  seeds  of  some  leguminous  plants  (Phosin).  The  lost  is 
but  wtaxly  todc  (Review  of  Literature,  Ford,  i^ij)-  Tl"^  '■<'"  '^  responsible  for  the 
tone  effects  on  eating  the  castor  seedE;  five  or  six  ol  these  are  fatal  tuachild.  twenty  t» 
adults;  three  or  four  seeds  may  cause  violent  gastrocntcriiis,  with  nausea,  headache, 
persistent  vomiting,  colic,  soroetiines  bloody  diarrhea,  thirst,  emaciation,  and  Kreat 
deb3lty.  The  symptoms  usually  do  not  set  in  until  after  several  days.  Afore  severe 
inlosicatioBS  cause  unall  frequent  pulse,  cold  sweat,  icterus,  »nd  convulniona.  Death 
occurs  in  six  to  eight  days,  from  tne  convulsions  or  from  exhaustion.  The  fatality  is 
about  A  pel  cent.  This  small  fatality  is  Hue  to  the  destruction  of  the  poison  in  the 
allttieniaiy  canal.  The  trailmtnt  would  be  cvacutint  and  symptomatic.  Three  to 
ten  d^ys  ate  required  to  complete  recovery  (Critical  Review  and  BiblioKraphy,  Ford, 
1913). 

BOecta  en  Aainulc. — The  actions  can  be  hpsi  studied  on  rabbits,  by  hypodennic  or 
iotravenous  infections.  Even  with  the  latter,  there  is  an  incubation  period  ol  at  least 
twelve  to  eighteen  hours  before  symptoms  appear.  These  correspond  to  those  de- 
scribed (or  man.  They  are  partly  local— gastroenteritis;  and  partly  central— paralysis 
<rf  the  respiratory  and  vasomotor  CL'nlcrs,  The  1i)ck1  intlnnimation  also  occurs  OD 
other  mucoui  membranes  to  whicli  the  poison  may  be  applied,  eapeciidly  tlie  conjunctiva. 

The  ■lulopiy  findings  are  very  characteristic.  The)'  consist  in  swelling  aitd  reddening 
of  Peyer's  Patches  and  mesenteric  t^iiiph  tllands.  internal  hemorrhages  and  diffuse  neph- 
ritis. Cms.  Flexncr.  Mueller  and  olhen  have  .-^own  that  these  lesions  are  not  due  to 
itutMnbiMU,  but  to  direct  action  on  the  li.^wi:h.     The  «tie  of  llie  injection  is  boggy. 

Fr«9  have  a  much  higher  retistuiice  tlian  mammals;  but  this  is  weakened  ny 
tlkdr  temperature.     The  phytotoxins  have  no  direct  effect  on  muscle  or  nerve. 

Actlaatm  Blood. — In  vilrv,  ricin  hemolyses  onil  agfiluiioates  the  corpuscles  of  nearly 
all  warm-bloo'led  animals  (Stillmark,  1888).  The  aiceiutinalion  tlovi  not  seem  to  occur 
ID  the  body,  but  is  of  great  importance  as  an  immunity  phenomenon.  Leucocytes, 
^ifaelial  and  other  cells  (except  those  with  thick  membranes,  as  yeast)  are  also  «g- 
putinated;  as  likewise  the  stroma  ol  laked  corpuscles  (IJlfstrand).  The  presence  of 
■■svm  hinders  the  effect. 

The  ac](fu''nn  lion  hasbecri  referred  loprecipitaiinn  of  thenucleo&lbumJn)>(StasMno) 
e«  other  pTOteins,  such  as  those  of  serum  (Kraus,  luoi).  All  kinds  of  colloid  predpltatca 
cmr^  (Jown  ridn.  and  it  is  adsorbed  by  solid  proteins  and  Upoids. 

nalor*  0(  Rkin.— This  ap|M'&r«  to  be  a  true  protein;  for  a  preparation  of  ridn  ha* 
been  obtained,  which  is  a  typical  albumin,  and  which  is  so  active  that  0.000;  mg.  is 
fatal  to  a  kiogram  of  rabbit;  i.e.,  i  part  of  the  ricin  is  fatal  to  j,ooo,ooo  parts  of  rabbit; 
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the  fatal  iIuk  for  man  would  therefore  be  nbuul  0.03s  mg.,  or  i/jjooo  %raia  (Ocbot! 
Mrndcl  and  Ilnrns,  190$)   Osbomc,    1909).     The  agglutinating   actioa   b  alio   voy 
powt^rful- 

Tht  attempl  is  also  brine  madr  to  iicporatc  tlie  fiKKluUnin  (nhicli  u  adsorixd  by 
blood  coipuscles)  from  the  cylnioiin,  which  is  dcittoyrd  by  peptic  digciliaa.  Jmeoby, 
i(ioj,  lidievM  thnt  Ihcy  have  <cnain  itroups  In  comcnon. 

Antiricin. — Injections  of  the  phylotoiini  produce  typical  anUtnniu,  W  that  aa 
immuniztii  nnimnl  can  survive  s,ooo  ordinary  fatal  dn«cs  of  ricin.  Some  of  the  bkue 
work  of  Ehrlicb  was  done  with  ricin  nnii  abtin.  He  nhowed  (1891)  tlMI  the  bnBasadty 
*t«rts  ia  five  to  six  da>-s,  and  la^ts  ilx  or  icven  months.  The  resiitanpe  of  the  corpit*cle* 
i*>  unchnnKcd,  the  antiricin  lieing  conlnincd  in  ihe  psrudnglnbulJn  (ractkin  of  Ibe  wnm 
Uacvby.  1901).  It  contuinsanlitonin,  anllag^Iutinin  (probably  identical)  and  prtcipi- 
tin.  Madsac  and  \V album  found  that  this  combination  obeyi  ihe  umebwi  as  diplilhem 
tntitoiin.     The  toxicity  of  ricin  h  moilitiod  rather  inmplnly  by  lecithin  iLawrow,  igij). 

ABRIN  AND  JEQDIRnT 

Abrin,  a  toulbumin  from  Jequirity  bean  (abtut  nriKatorius),  resembles  ridui  so 
cloBcly  in  Its  action  that  the  difference  was  establi^Jicd  only  when  it  wot  noticed  tlut 
immunity  against  one  did  not  constitute  immunity  against  (he  olhtr.  Ilausmann, 
1901,  has  studied  it  by  the  methods  of  Jacuby.     The  literature  was  nrviciied  by  Kotd, 

Poisoning. — When  the  whole  beans  are  swallowed,  no  tojic  effects  result,  iincc  the 
ahell  ia  so  hard  that  the  poison  docs  not  dissolve.  Uul  if  the  powdet  ia  ttkva,  it  pro- 
duces ciTects  similar  to  ndn.  Its  toxicity  is  greatly  incrcoicd  Djr  heating  the  uiinuU* 
(Lesnc  and  Drcytus,  loij). 

Use  in  Ophthalmology. — Tbe  action  on  the  eye  ia  much  stroneer  than  with  rida, 
producing  opnihalcnitis.  This  hns  been  used  therapeutically  (Wcclter,  tSSj),  to  clear 
corneal  opacities,  This  h  •iangt'inus,  unless  standardizcfl  preparations  arc  used,  aad 
excessive  effects  checked  bv  an  antiserum. 


CATHARTIC  RESDIS 

General  Statement. — Jalap,  Colocynth,  Podophyllum,  Elatcrin  and 
similar  drugs  contain  active  principles  which  arc  (or  the  most  part  rc^nous 
{(.£.,  soluble  in  alcohol,  but  sHghlly  solulile  in  water),  often  glticosids; 
on  chemic  manipulation  (probably  hydration)  these  yieldj  resinous  adds. 
The  latter  are  much  less  active. 

The  effects  of  these  resins  are  highly  irritant,  producing  considerable 
colic  (sometimes  vomiting),  and  several  waterj'  stools,  in  one  or  two 
hours  with  jalap  and  most  of  the  others;  but  with  podophyllum  only  after 
twelve  to  twenty-four  hours.  They  arc  used  especially  in  dropsies 
(Compound  Jalap  Powder);  small  doses  of  podophyUum  aUo  asi  laxative 
in  habitual  constipation.  The  others  tend  ultimately  to  produce  con- 
stipation. Colocynth,  and  presumably  the  others,  stimulate  peristalsis 
in  the  small  intestine,  inhibit  anli|>crisutlsis  in  the  colon,  and  lead  to 
the  eSusion  of  fluid  from  the  whole  intestinal  canal. 

The  resins  require  the  presence  of  bile,  presumably  to  secure  thetx 
solution.  They  are  therefore  inactive  in  obslructivc  jaundice.  The>' 
produce  griping,  and  are  therefore  often  prescribed  with  bcUadoDtia 
and  aromalics.  If  lhe>-  are  not  removed  by  catharMs,  they  may  produce 
severe  enteritis, 


Tho  principles  ate  not  as  rftdttr  uArn  ghtn  pur*  as  when  they  arc  mixed  nil 
nctlve,  as  in  the  crude  dru;;s  and  "resins"  (alcoholic  extracts  precipitated  by  1 


»ith  wtne 
eztnctlve,  as  in  the  crude  dru;;i  and  "tesina"  (alcoholic  extracts  precipitated  by  irater), 
or  as  preparations  of  thn  crude  drug.  This  is  due.  in  «>mc  coici,  to  their  being  loiDe- 
wbat  wluble,  and  IhiTtfotc  nbtdihi'd  in  Ihe  ilomach- 

Siibaitsa«Mia   Administration.^This    producee    diarrhea  with  podophyUin  »ad 
iCTnlhin,  but  u  not  available  because  il  abo  produces  nephritis,  local  trritatioa  and 


VBGBTABU:   L'ATHAKTICS 


'75 


I  at  Actim.— TUs  tuu  betn  studied  on  «ili>c)'ntb  by  (he  X-ray  mcUind 
Padtbocg,  1909,  iiodcr  Magmu,  SaiUar  obKrvutioiu  have  tivvn  m&dc  vith  julaci 
nua:  the  cutnc  mavaacau  may  be  fJighily  incrcnwd  but  oiun  remain  normal. 
cJm  HMti  imltitimr  ihe  DcrutaUu  U  10  much  qukkcnnl  thnl  the  coatcat*  may  b« 
'  '  ■  expelled  in  hall  aji  hour  in^tnul  of  ibc  normttl  eight  hours.  This  !»  Bc- 
I  by  llw  rilusioa  of  cviuiderable  Duid  iiito  Ihc  lumcii.  In  ihp  largt  inUilint 
uoa  is  coly  ili|^t)y  itkcreaMdi  but  ihc  »tooU  irc  rendered  iiill  mor«  lujuid 
iubibjtionof  utlpCTislaliis.  Had  bv  the  sccrtllon  of  additional  mucui.  I'adtbcrg, 
\jnmA  that  the  colocyntb  peruuUis  and  elTuabn  ace  arrested  by  motphin  and 
^ihboughlheMda  not  ordinarily  act  directly  on  Ibeinlc9ttne,but  onlhc  t^tocnacb. 


JALAP 

This  b  perhapii  the  miliiest  member  of  the  group.     Il  product-*  watery 

|MMb«{thin  three  or  four  h(mi>,  with  little  intestinal  irritation,  without 

pstiic  disturbance  or  much  prostration.     It   has.   little    iu»te   and   is 

iketdorc  euily  administered.     It  is  uscrl  in  ascites,  cerebral  congestion, 

sion;  and  as  adjuvant  to  anthelmintics.     Scammony  is  doxely 

Ito  jalap. 

OMtouDtS. — TtiOC  have  been  studied  by  Towci  nnd  Rogertoo,  iqoq  and  191a. 
1ti"fMM"  b  a  complex  aubfrlaoc*,  which  can  be  scpanted  by  wK-enta  into  several 
llmMtl  partioa*;  Jalapin  (ooavolvulin,  jaUpurgin)  and  Stammonin  (oriiabb). 

^  PREPARATIONS — ^JALAP  CROtn" 

Jil^  t7.S.P.,  B.P.;  Jalap.— Tltc  dried  tuberous  root  of  ExoKonlum  puiva.  At 
■Wlpnoat.  of  resin,  l/.S-P.-,  10  per  cent.,  B,P.  Dost,  i  Cm.,  ij  gr..  U.S.P.;  o.j 
liMG«.,jto  20gr.,  B.P. 

'Mrii  J^pm  CvmpMbua  (Pulv.  Jalap.  Co.],  V.S.P.,  B.P.,  Compound  Jaiap 
''•te.-i  part  of  Jalap,  2  parU  Pot.  Bitart.  (flavored  with  Ginger,  B.P.).  D«tt, 
l(A,»p.,  D.S.P.jo*  to  4  tJm-.  10  to  60  gr.,  B. P.,  stirrti]  into  water. 

r»,  /dtof .,  B.P.— i-s  per  cent,  of  rwin.    ftu*,  i  to  4  c^,  J^  to  1  dram,  B.P. 

Ti.Jtiof.  Co.,  BJ". — £  per  cent,  of  Jalap.  1.3  per  eeot.  ScammoiL  Res.,  i  per  cent, 
notd   Dm*,  j  to  4  c-c,  H  lo  i  dram,  «.P. 

»*M  iatafK  (Re*.  Jahp.),  t'.S.P.;  JiUp.  Ra.,  B.P.— Prepared  by  precipiUting 
aiHUk  extract  of  lohtp  iHtb  trater.    Dose,  0.115  Om.,  !  gt.,  CS.P.;  o.i>  to  o.j 
•^(to  J  «.,  B.P.    MadmuR)  dose.  1  Cm.,  15  gr. 
_&muMiit  RaJii  (Scam.  Rad.),  t;.S.P.;  SMmimm.  Rai.,  B.P.;  Scammony  Root.— 

idM  not  of  Convolvulu*  Scammonia,  yielding  not  ten  than  Ss%  ef  roint.  Uted  by 
idna.  Tbe  (oiutituoila  arc  similar  to  Jalap.  They  bavc  been  investigalcd  by 
'Ml  RogeiMQ,  1913.    Zhtr,  o.as  Gm.,  4  gr.,  U.S.P. 

r^  Setmmif.  Co.,  B.P.— Scammon.  Ret^  jo;  Jabp.,  a;  Glagu,  15.  Don, 
Mjp  I.I  Gm..  10  to  »  jr.,  B.P. 

lo.  Smbm.,  U.S.P. ,  Stammon.  Rt*.,  B.P.— Prepared  by  prcdpiiailag  an  alcoholic 
■Wm  •Uh  water.    Dojt,  o.j  Gm^  3  gr.,  U.S.P.;  o.»s  to  0.6  Gm,.  4  to  8  jcr.,  B.P. 
^I*M*  jtdiia  (Tpom.   Rad.),  B.P.;  Oriioba  Jalap   Root   (itcxkan   Scammany 
w|-— Tke  dried  tool  of  Ipomcne  oiixabensis. 

KiMuM,  B.P.  (Pharbidt  Seetb).— The  dried  5ecili  of  Ipomaw  hederacea.    Dot*. 

niuUfa/.  C#.,  11.1^.— similar  to  Pulv.  Jalap.  Co.    Dvtt,  <*A  to  4  Gm.,  10  lo  60 

Fr.  KJai^  B.P. — 20  pet  cent.     D&it,  1  to  4  ex.,  H  to  1  dram,  BJ". 

Utl  ff«k.  B.P.—Dau.  0.IJ  to  O.J  Gm.,  )  to  8  gr.,  B.P. 
^fHAtm,  B.P.:  Turpeth.— The  dried  root  and  stem  of  Ipontn  Turpethuin. 
•••.•4  to  t.»  Gm.,  J  to  logt.,  B.P. 


RESin  OF  PODOPHTLLUH 


This  ad*  very  tOowly,  generally  only  after  twelve  to  twenty-fotir  houts 
V  longer,  prtxlucing  several  soft  stools.    Larger  doses  (20  mg.,  H  S^-  o** 
I  Mr)  act  as  a  hytJiagosuc  cathartic;  hut  it  is  chicBy  cmploytid  in  small 
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doses  Is  to  10  mK.,  Kot^Kgr-)  as  a  laxative  in  chronic  constipation,  uftca 
combine<l  wIlli  aloes  or  calomel.    0.3  to  0.5  Gm.  has  been  fatal. 

PRKPARATIOKS — PODOPHYLLUll 

Podophyllum.  U.S.P.,  Padoth.  Rkit.,  B.P.;  Podophyllum  (MandrUe.  May  Apple 
Root).~Tbc  dried  rhixomc  ttod  roots.  o(  Podophyllum  pcltatum  (yielding  not  ten  uiwi 
j  per  c«nt.  of  tcsin,  U.S.P.)-  Active  constitucni^,  rr«in  and  ■  ciyslAlluie  priivciple, 
podophvllutoxin.     rodophyllum  ivos  used  by  Ihc  Indioju. 

Fldett.  PodojH,.,  V.S.P.—Duif,  0,5  kx..  »  minims,  U.S.P. 

Tr.  Padefih..  B.P.— 3.65  per  Cent,  of  resin.     Dosr,  0,3  to  i  C.C,  S  to  IJ  minims,  BJ. 

•  ft/jinn  P,>dophyUi  (Res.  Potlopli.),  U^.P.:  Podopk.  Ra..  B.P.;  keiin  of  Podi^rl- 
lum  (Podoahyllin). — Prepared  by  prccipitnling  an  nlcoholic  extract  of  Pod^jhyflam 
nrith  Addumted  wntcr.  Amorphous  Hrevnish-ycllow  puwdet.  of  ihuht  peculiar  odor  asd 
faintly  bitter  lastc.  Very  irritating  lo  mucous  membrane*,  espedally  of  the  eyes. 
Sol.  in  aU'-  A  lery  similar  rcsiii  is  prepared  from  Ihc  F^ase  Indian  species  P.  Enodi 
{Uur«turc,  Scoville,  tooQ).  flrtic,  10  ms.,  H  Rf  ■  f  .S  P  ;  i5  10  60  nyt.,  \i  to  1  (tr  .  B.P.; 
as  (^.     Maximum  Atne,  o,t  (Im.,  if;  kt. 

Podeph.  InJ.  Rhii.,  B.P.^Thc  dried  rhixomc  and  rool*  of  Podophyllum  EmodL 
CbfTwpondspniciically  to  Podophyllum,  .iLw  in  Ihei<trctvihiinddo><>ol  iisptcxiaraiioat. 

Tr.Podopk.  lnd..n.V. 

Poioph.  Ind.  Res,.  B.P. 

5/f;/JM£id,  U.S.P.  (Queen's  Root). — The  dried  roots  of  Stillinglasylvatka.  CoRlain* 
punicent  rc«inaiid  volalileoit.  Used  mainly  in  donic^itk  medicine  In  putx*tivc  mizturta, 
alio  .IS  nau5cant  and  emetic.    Dost,  3  Cm.,  .io  gr,,  L'.S.P, 

Fldeil.  SlUline..  U.S.P. — Dosr.  1  c.c.  jo  miiiims,  U.S.P. 

Leptandra  (Culver's  Root).— The  rhiiome  and  roots  of  V«roidca  Vlrsinlca.  Con- 
tains an  amorphous  bitter  principle,  a.nd  not  a  crystalline  (jlucoiid,  as  formerly  reported 
(Power  and  Kogcrson,  1910).  "LcpLitndrin"  is  a  resinoid.  The  preparationt  are 
phannai-ologically  inert,  but  were  supposed  to  be  chotagogue  without  producing  iQle»- 
tinal  irritation.      Doie.  t  Gm.,  15  gr. 

JugUins  (Butternut). — The  root  bark  of  Juglani  dncrca,  coUeicted  in  autumn. 
Used  Hi  rather  mild  laxative.     Dost  0/  txlract.  1  to  1  Cm.,  le  to  jo  gr. 

Jri>  (Blue  Flag). — The  rhizome  and  roots  of  Iri.i  vetwcolor.  Puwei  and  Salsay, 
iQit,  could  not  find  any  active  prindpli'.  although  the  drvi^  and  the  resinoid  "iridin" 
were  formerly  considertil  cathartic  nnd  diuretic.     ZJoir,  1  Gm.,  15  jjr. 

Iriiih  Rkizoma  (Orris  Rool). — The  rhiiome  from  jei'eml  cultivated  speriw  o[  id*. 
has  a  violet  odor.     It  is  used  in  cachets  and  tooth  powdery. 

COLOCYMTH,  ELATERIH  AND  BRYOHIA 

A  number  of  plants  of  the  cucumber  family  (Cucurbitaceic)  ^-ield  the« 
drastic  drugs.  They  are  of  complex  composition,  each  containing  several 
active  principles,  resinous  and  alkaloiual.  They  produce  continucnis 
watery  stools,  with  intense  irritation  and  hyperemia  (mechanism  described 
above).  Tlicy  arc  less  used  than  formerly,  when  they  were  frequently 
employed  to  reinforce  the  action  of  other  purgatives  as  to  the  Compoimd 
Cathartic  PilU.  Colocynth  is  excreted  by  the  kidneys  and  milk,  and 
should  ihcrrfore  not  be  used  by  nursing  women.  Klaterin  is  one  of  the 
most  powerful  ciKhartics,  sumetime»  used  in  uremia.  Large  doses  cause 
dangerous  prostration. 

The  lOiXic  doM  of  Culycynth  U  o.ti  to  i  Gm.;  fatal,  4  Gm.  Of  elaterin.  the  totic 
doic  ii  J  mg.i  fatal,  0.6  Gm. 


PREP.VRATIONS — C:OLOCYNTH,    KTC. 

Bryonia. — The  root  of  Bryonia  alba  and  dioics.     Br^'onin  and  Btyonidin  arc  com- 
*»  mixtures.    The  purgative  action  is  due  lo  non-Kiueosidai  resins  and  alkaloid* 
i(|i»).    Dotr.  0.6  to  4.0  tjm    (lo  In  Oo  grains). 

•ew,   U.S.P.;   Gamboge— .V   itumreiln   obtained   from   Gan:ini3   fUnburii 
\ja  to  So  per  cent.)  contains  garanolic  acids,  which  form  readily  soluble  eom- 
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Aoin,  Scnmmony  and  Cir> 


with  ftUultM,  »nd  ihus  btcomc  ■ctivc  in  tlic  intcsiini;.  The  eSecu  nscmble 
thow  of  cokicynth;  4  Gm.  nrc  [nul.  It  h  rarelv  u»cd,  in  pilU.  Dost,  o.ijj  Cm.,  a 
gr.,  U.S,P.,  o.oj  to  o.js  Gtn„  B.P. 

Cai^Jittkit,  U^.P.;  Colocwthidit  Pulta  (Coloevn.  Pulp),  B.P-;  Colocynth  (Bitter 
Apple)— Tlic  dried  pulp  of  the  fruit  of  Cilrullu!i  Colocynthis.  The  nclion  U  due  to  at 
Icail  lira  constitucets,  an  alkaloid  and  a  rnin.  Colocjrnthln  and  i-ulucynthidln  arc 
nwTcly  impure  muiturc*  (Power  and  Ikfoorc,  1910).  Dosr,  0.06  Gm.,  t  gr.,  U.S.P., 
in  pQis.     MaxiinuiTi  duM,  0.4  Gin..  6  fi. 

Bxt.  Cobryn..  U.S.P.~.\  powdered  extract,  1  Gin.  reprcKailnK  a  Cin-  of  drug. 
Dtit,  0.0^  Cm.,  Vi  gr.  U.S. P.     Maximum  dost,  o.oO  Gtn..  i  rt. 

Ell.  Celocyn.  Co..  U.S.P.^Est.  Colooyn.,  16 percent.;  Alo».  5oncrccnL;Sciimmon. 
Refc,  14  jf  cent,;  Cardamon,  ;  per  r«it.     Dtut,  0.3$  Gm.,  4  gr,,  U.S.P. 

E*l.  Cohtjn.  Co.,  B,P.— A  dry  exlmct  from  Colocyulfa,  aI 
dtiMin.    Dott.  0.11  to  0.5  Gm.,  i  to  8  gr.,  B.P. 

PH.  Cdoryn.  Co.,  B.P. — Colocynth,  10  per  cent.;  Aloes,  35  per  cent.;  Scammon. 
"^a  3J  P*'  <*"'■     ^o"'  «-'S  •"  OS  t''*'-  4  to  8  Kt.,  B.P. 

PH.  Cai«cy».  tt  llyotey.,  B.P. — Pit  Colocyn.  Co.,  2;  Est,  HyoKy.,  t.  Dott,  o.a 
10  o-s  Om.,  4  to  S  gr,  B.P. 

PU^  ColharlUtr  CompasUir  (TO.  Csthart.  Co.),  U.S.P,;  Compound  Cttthortk 
Pflh. — Each  poll  cootaim:  Comp.  Ert.  Colotynih,  0.08  Gm.;  Calomel,  0.06  Gm.;  Jalap 
itean.  oa3  Gm.;  Gamboge,  0.015  Gm.;  a  total  of  icven  active  bgrcdicnts.  Don, 
tm)  pills,  U,S.P. 

•  filafaTiitnn  (Elalcrin-),  U.S.P.;  Elaierin. — A  neulraJ  principle  obtained  from  Ela. 
leriun,  a  nubstnncc  depoidtcd  by  the  juice  of  ibc  fruit  of  Ecballium  EIntcrium  (a  sub' 
fuocc  used  In  antiquity}.  While,  hcxa^onnt  sctlet  or  prisrtiaiic  crystal!);  uduricu.  and 
bt.'viiiJi  a  tSgktly  ■crid.  biltec  taste-  Insol.  in  water;  slightly  sul.  in  ale.  (>:j>$)- 
£)»,««,}  to  6  mg.,>fn  to  ^{ggr,  repeated  in  five  houn  if  neccMAry,  but  not  daily  (U.S.P., 
3  rxKS*-  Hf  (ci).     Inc  do6c  of  rliilrrium  i»  0  to  ;o  mg.,  H  to  tif  K'' 

£litemi  conuxli  of  two  cryitallinc  lubstnnccK,  the  Icvorotary  o-claterin,  which  i* 
hkert.;ind  60  to  Ao  per  cent,  of  Iheaclivedcxlrorotary  tf-elaicrin.  Comrncrcial  elaterin 
Torlct  in  compoillion  and  activily  (Power,  tpii).  Elali-rin  does  not  exiiit  as  such  in 
ihe  f  niii,  bat  u  formed  during  the  csprcasion  by  a  diastatic  ferment,  acting  on  a  gluco- 
aid   Ctoj,  1909). 

•Oaiii,  tgij,  adt-ines  elatcnum  in  hepatic  cirrhosis  to  provoke  watery  itooU  (5  to 
■  1  mx-  It  niKht;  fint  day,  two  or  three  doses).  This  rarely  cau&ei  nausea  or  pain,  DUt 
n««-y  act  duiinx  the  niKht. 

Tra.  Ehlmn.,  U.S.P,— 10  per  cent.     Dou.  0x13  Cm..  .^  gr.,  U.S.P. 


I 

■   acidi. 

m 


CROTON  on. 


.This  contains,  besides  ordinary  fats,  about  10  per  cent,  of  "croton- 

"*>."    the  active  comiwncnt   (Duiislan  and   Boole,   1895).    The  old 

Cfotonolic  acid"  was  an  impure  mixture  of  this  resin  with  inactive  fatty 

acids.      The  rwin  produces  the  local  and  systemic  effects  of  the  oil  (Kobcrt 

Hirschcydt,  1890;  Boehm,  1915).    It  b  destroyed  by  boiling  with 

Croton  oil  is  the  strongest  of  all  cathartics,  J^  to  i  drop  producing 
bonang  in  the  mouth  and  stomadi,  often  vomiting,  and  after  one-half  to 
Ihite  hours,  several  exten.-sive  fluid  evacuations,  with  much  colic  and  tenes- 
mus. _  It  is  used  only  in  extreme  cases  of  constipation  (lead),  and  in  un- 
ronsdoui  p«l!ents  (uremic  and  apoplectic  coma).    It  should  not  be  given 
to  weak  patients,  nor  if  the  gastro-intcstinal  canal  is  ioflamcd.    Toxic 
doit*  produce  collapse.    Twenty  drops  have  beeo  faLil,  but  recoveiy  is 
sud  to  have  followed  ^  ounce — presumably  because  of  vomiting.    The 
HtttDunt  would   be  cvacuant,   demulcent,   opiates  and   symptomatic 
(.ttirtcied  against  the  enteritis  and  collapse), 

AM^i  tiltrnally,  croton  oil  produces  irrilation,  proceedInK  lu  puMiilation  and 
^  tien  WBinhing.  When  diluted  with  i  to  10  partsofoUvcoil,  it  maybcusedascountci- 
E'ViftM. 
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PREPARATIONS — CROTON  OIL 

•CMfum  njW,  VS.P.;  Oleum  Craionh  (01.  Crown,),  B.P.;  Ctolon  OU.— A  fiwd 
oil  cxpicucd  froin  the  Mcds  of  Croton  TigUura.  A  pole  vdlow  oi  bn)wnisii->'el)'>i', 
tamewlut  vbcid  Uid  slightly  Quonaccot  liquid,  hnving  a  slight,  fatty  odor.  Slightly 
•oL  in  ak.  Doit.  0.05  ex.,  1  minim.  U.S.P.;  o.o.t  to  0.06  ex.,  4  to  i  talojn,  B,P.', 
OR  N  lump  of  sugar,  ilict  of  btcnd  or  lemon.  With  unconsciout  palietit*,  BUUtU  dnp 
muy  bv  plated  Ht  the  bock  of  the  tonKUc.  and  rq>«alcd  c\'ccy  hour  lu  tbrcr  cloMt. 
Maximum  dote,  0.05  c.c.  1  minim. 

Lin,  Crelon..  B.P. — ii  per  cent.,  in  equal  volume,  uf  01.  Cajup.  sad  alcoboL  Pro- 
duce* severe  iodamntatioo. 

cou.on>  Aim  emollient  laxatives 

These  act  mainly  by  retaininK  water  in  the  intestine  thiough  imbibi- 
tion, and  Uius  roodlfying  the  bulk  and  consbtency  of  the  feces,  so  that 
these  ftrc  more  easily  expelled.     They  are  u.4eful  in  habitual  conslipaiioc, 
especially  if  aided  by  the  occasional  administration  of  cascara.     Ataf  i<- 
typical  of  tliia  class,     lafruiti  (prunes,  grapes,  tAniarind.<t,  etc.)  tlii*  colloid 
action  is  supported  by  the  organic  acids  and  sugars.    Manna  acts  tbiou^ 
its  diRicuUly  absorbable  sugar,  the  action  being  largely  osmodc.    Pdt^— 
taium  is  not  absorbed  and  therefore  softens  and  lubricates  the  feces.    OH^^ 
oil,  in  so  far  as  it  escapes  digestion  and  absorption,  acts  in  the  same  rasnaer  - 

Aaar-agu. — Thi«  it  nrepmed  ftom  varioui  Japanoc  morioe  olgE.  It  ooniu.^ 
mainly  of  the  hcmircIluloAc  "scIum;."  which  gclaliniict  with  wBlcr.  It  Is  tuition 
and  hu  been  used  for  culinury  Jellies  but  a  not  diftesicd  (S  to  17  per  cent,  b  ulilind 
In  ninn;  Salki,  1906;  Strartx,  1911;  herbtvone  utilixe  about  50  per  ccbL;  Lobrixts. 
■go8).  It  was  lotroduccd  as  a  laxative  by  A,  Schmidt,  1905.  J,  L.  Mona.  i#i^> 
advisc^i  the  chopped  shreds,  tj  to  1  ounce  (or  adultsi  i  on  toupoonsfardiUdren:iiirt 
■ith  the  breamtt  cereal,  part  with  uucc  or  creain  at  another  meal.  For  childita* 
it  may  be  boiled  witboutmeal,  or  made  Into  a  Jelly  (iiiooboHinjcwalcr].  It  It  not  RO^ 
cS«ctivc,  and  usually  rcqutrci  the  addition  of  oucura  or  pbenolpbthaleb  (Bojiledo^ )(><?- 

PRKFARATI0N8 — AGAR,    ETC. 

Aflf,  U.S.P.;  A^r-Bgar, — The  dried  mucilatrinous  tiubBtance  extracted  boU* 
marine  algic  growing  along  the  emtcm  coast  of  .\iia.  Thin,  tianaluccnt,  mcotbianW* 
Keglulioatcd  pieces,  yeUowiah- white  or  brawnl»h-white;  odor  elight;  taate  msdliciD'a*' 
Dvsf,  10  Gm..  jj^  dram*,  U.S.P. 

Mcnmt,  U.S.P.—  The  dried  saccharine  exudation  of  an  Aah-trec,  Ftaxiniu  Onn*' 
Contains  mannii,  about  ijo  per  cent.  Dosr,  15  Om.,  4  dram*.  U.S.P.,  to  iVo  Gat,  * 
ounces,  OS  infusion. 

Tamiirindut,  B.P.;  Tamarind. — The  fruit  of  Tamarindun  indicui.  It  owait***^" 
livity  to  organic  acids,  especially  dtric.  It  is  used  oe  a  laxative,  iaioietof  4  to  j«GlR- 
(t  to  8  dtarns). 

EVACUAin-  ENEMAS 

Rectal  injections  or  dystcrs  increase  the  peristalsis  of  the  large  an*' 
Email  intestines  in  response  to  the  mechanical  stimulation.  The  ditct 
is  enhanced  by  the  addition  of  irritants. 

Enemata  have  an  advai^age  over  cathartics  taken  by  mostk* 
in  that  they  may  be  made  absolutely  non-irritant,  and  may  therdC 
be  used  in  conditions  in  which  ihe  other  cathartics  arc  positively  contra- 
indicated.  If  the  purpose  of  the  enema  be  merely  to  sojttn  kariia^ 
sc^ala,  they  would  I>e  used  warm,  in  copious  quantities,  prcfenH/ 
with  soap;  or  a^  decoctions  of  mucilaginous  substances. 

To  secure  the  maximum  motor  cflfci,  the  injection  must  be  vsti 
cold,  and  in  (airly  large  quantity:    Adults  a  pint,  quart,  or  more;  chiWitB 


ANTHKLMINTICR  lyp 

[■iccorcting  lo  age  (at  »  year,  an  ouncT,  and  alKitit  }  ^  ounce  more  for  each 
year).     Water  and  bland  oils  are  abo  oltcn  uicd  by  hi)(b  injection. 

The  irrilcnU  which  are  most  commonly  used  in  clysters  are:  Soap; 
castor  oil;  molasses,  i  :8';  salt,  i:i6;  tiupentioe,  1:10  (emulsified  with 
tgg-j-olk);  bile,  1  ;50. 

£nemata  also  ha^'e  other  uses:  For  locai  ejfe^u  on  the  rectal  mucous 
oembnme  (astringents,  etc.);  for  \h.eTf.movalof  parasitei;asiAait.  metliod 
d  inlToducing  Medicine  and  nouriahmftU. 


AMTHELMranCS 

General  Statement — Anthelmintics  {anti.  against;  kdminthca,  worm) 
ue  remedies  used  against  inieslinal  parasites. 

An  active  peristalsis  will  tend  to  remove  inlcsrinal  parasites,  as  well 

IS  ibeother  intestinal  contents.     Active  catharlics  are  therefore  necessarily 

Yermi/ntts — >.«.,   drugs   which   expel    para-sites.     But    these   parasites, 

when  in  good  condition,  arc  endowed  with  remarkable  faculties  of  main- 

tiimng  Utdr  position  in  tlic  intestines — by  iravelinK  in  the  direction 

cfipoate  to  peristalsis,  or  by  fixing  themselves  to  (he  intestinal  wall 

tw  istaas  of  suckers  or  hooks,  or  by  their  serrated  margins,  etc.     It 

therefore  becomes  necessary  to  lower  ihdr  vitality.    This  may  be  done 

W  some  extent  by  appropriate  dieL     But  this  is  rarely  sufficient,  and  it 

ii  Ronally  necessary  to  employ  drugs  whidi  will  paralyze  them — Vermt- 

(MV.   Since   the  latter  necessarily  prL-scnl  some  dunger  to   the  host 

•»  wll,  it  is  desirable  that  they  ^lould  be  used  in  the  smallest  doses. 

f«  ihis  reason  it  is  well  to  give  them  their  maximum  efficiency  by  preced- 

^  Umsi  with  a  course  of  diet  which  lowers  the  resistance  of  the  parasite 

whmt  affecting  the  host.    The  vermicidi-*  but  rarely  kill  the  ]i.-irasites; 

AtKOiually  recover  if  they  remain  in  the  intestine.     It  is  therefore  very 

KtHry  to  follow  the  vermicide  by  an  active  cathartic,  a  saline,  jalap, 

"oknie).    Oily  cathartici  must  be  avoided,  since  they  favor  the  absorp- 

,  11(0  of  most  anthelmintics. 

PtdnUwy  Dietary  Heuures.— AlimiUtioDof  tbcprateiiuoif  the  diet  is  aenenlly 
Mtd  u  initirioiM  10  ibc  poruiie,  but  cue  muKt  be  taken  not  (o  ciktty  this  *o  Su 
1^  •wken  the  Rtuunce  oi  the  patient.  Carbohvdimtcs  ms^y  l>c  allowed  in  aoy 
Uccluuikal  initaotft— \-egetabl«  rich  in  fiber;  tbe  imdft  of  ttrawbcTrie*, 
.^...iM,(M'  figt;  tbe  hiuk*  of  grain,  etc. — >re  vay  utcfu).  So  are  "sharp"  articles 
(■n-cndlmcau,  npccklh  ifaow  of  the  mustard  ktoup,  strongly  nlttd  meat,  etc. 
"  »t  lime  when  the  venniaiie  ii  taken,  the  intcslin^  cajial  shouM  be  fnirlj'  empty, 
Iw  tbe  porasile  will  not  be  protected  by  thctonlcnli.  The remedicn arc  (bcrdore 
^^  pyta  before  brraktssi,  and  no  food  b  taken  lor  Mvtial  boon  after.  This  ua- 
' '  (ncKoues  the  tendency  to  the  nbMrption  of  the  pofioa,  and  to  the  local 
.  —  Vomiting  miy  oocur  and  reader  a  repetition  of  tbe  whole  cure  neceuuy. 
'wtecn  aiicsifi(M  lo  circumvent  this  dlillcuily  by  combining  Ibr  prindple*  with 
^^  hiu  iMt  lewens  their  action.    Tlie  l>cit  tbii  caa  be  done  i^  lu  iocIom  Ihcm  In 

Jofaules. 
_y^nadM. — Tile  RubAtancca  which  arc  toxic  to  iniestinat  nuButcs  arc  in  scncral 
'  to  ill  lotiM  of  protopUun,    i'he  dass  of  inic«ilnal  antiseptic*  arc  all  lo  wme 
"■  Mnaiddtl,  but  can  icartely  be  introducnl  in  Auflicicut  amount   10  kill  ihc 
In  wilhnut  injuring  the  hwl.     Special  nuolitict  ore  necesiary  for  thit  end:  The 
dfnuu  bcabwiebcd  t»  (be  uiiailetl  uaotibje  extent,  since  ittsMorptlon  would  not 
r  tOHln  it  ik-lctctioui  to  Ihc  piibcnl,  but  would  alio  prevent  it»  mKhing  the  lower 
u  nl  ihe  iaic«iino  asd  actuiK  on  the  pamMtcfi  found  ibcre.    On  the  other  hand, 
Ibecapablcufpenetraiin);  tbe  reiutani.  oltcn  cbitiaous,ci>veriniCo(  these  worm*. 
^1  onbtulion  can  only  t>e  uviirrd  with  -.lilaltU  poiMtis,  whoie  rapars  pertnealc  the 
"■■■leal  taaal  and  ptneinilL'  into  Ilie  jMiakitcs  before  there  »  time  for  an  extensive 
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nbsarpliun.  From  thii  vobtilitv  of  Uii^  uctivc  principirs,  it  (ollom  nccMMrily  that 
thcsp  drugs  nrc  nil  very  ilaUt;  idc  hktc  «n  wtcf  tticir  principle  alM?  undargo  clmnk 
cbanitcfi  very  r«ulily.  This  um-vrtain  acrtivii}'  ho-i  thrown  miitnul  on  the  vlwlc 
clau  of  anLhtUiiiiilics.  The  phArmnx-ciiIic  cxlmcti  or  JMilalcd  principle*  than  tliu 
iniUbility,  although  to  s  Icf^  dcytiT, 

Finally,  It  i*  more  thuo  probable  thnt  thcic  pamitci.  as  most  othur  lonns  of  life, 
ihow  pecuU'/ir  siiieeplUiilily  ta  crrtnia  poisons.  There  it  gome  hope  that  further  rocarch 
will  hring  forth  spmlic  wrniiciilcs.  At  prcMral,  the  followios  data  have  been  gathered 
largely  from  empirical  ubser^*atiuDSl 

Specific  Vennicides.^The  most  efficient  for  Tapeworms  are  Mate 
Pern  (especially  li>r  Bolhriocephalus);  Pe11eLit;rin  {especially  for  Txnia); 
and  Kosutoxin;  for  Round  K'tTm^,  Suntonin,  Chcnopodium  and  Spigella. 
Thread  Warms  arc  treated  most  efficiently  from  the  rectum  by  encmata. 
Thymol  (see  Inilex)  and  Chenopodium  iire  used  for  Bwt-worm.  Aspid- 
ium  is  also  said  lo  be  effective  af;ainst  Hook-worm. 

It  maj'  h6  well  to  mention  Ihat  the  vermicides  are  under  no  circum- 
slururs  ahxolulcly  safe.  They  should  never  be  given  unless  the  parasites 
or  Iheir  eggs  arc  actually  demon.Hl ratted  in  the  feces.  Thi:>  is  aUo  the  time 
when  treatment  offers  the  greatest  chance  of  success. 


ASPIDIDM  OR  MALE  PERH 

Composition.— ^The  anlheiniintic  action  resides  in  seii-cral  closely 
related  -substances,  complex  melliane  derivalive.s  of  phloroglucin  and 
its  homologuc3,  with  butyric  radicles  in  ketone  combinaiion  (Bochm. 
1897).  The  most  im^iortani  is  probably  the  amorphous  filicic  add. 
Analogous  compounds  occur  in  several  other  anthelmintic  drugs  (Roileria 
in  Kamala;  Ascaridol  in  Chenopodium;  Tanacctin  in  Tanacctum;  Koso- 
toxin  in  Cusso). 

The  AfJite  Cdnsliiufnli  of  AffiuJium  (PfluUwin,  1A91;  Bctchm,  iSoT)  are:  AmorpbMii 
filicic  add  (CiiH(iiOii];  Aspidmin:  .\lbiupi'iiiiiD;  tlavatipirfic  acid  (««ak);  Aapidia 
(probably  frota  other  species).  The  amotphius  filmoraii  (ChHhOu:  Kraft;  Jaoquel; 
1904)  i»  perhnp»  nn  impure  lilicic  acid  (Schrnicdcberg).  The  inaitiet  coniiitutmit  arc: 
the  ciystalline  filide  atid  or  filitin  (fwHnOuJ.  and  aspidinol.  The  cryalalline  filidlc 
add  is  the  Incton  of  the  active  omotphoas  add.  Ihe  two  bcin^  readily  converted  into 
each  i>ther.  This  probably  ciplains  the  delcrioration  on  kccpmg  the  root.  All  Iheae 
aubstjuites  ate  so  clorirly  related,  an  J  chunKi:  so  rt^adlly  inlu  each  other  that  ouxknowl- 
edge  is  very  confused;  even  the  elementary  formula;  arc  in  dispute,  .\qiidium  alio 
contains  volatile  and  fiacd  oil,  lannin,  etc.  FiUcic  acid  is  decomposed  in  the  body, 
yieldiiig  trfmethylpliloruKludn.  PUicink  add  la  an  Inactive  arllfidal  reduction  praduct 
of  filide  acid  or  aspidin. 

Actions.^Active  filicic  acid  probably  paralyzes  the  muscles  of  the 
parasites;  at  le^sl  it  has  this  action  in  rain-worms,  without  affecting;  the 
nerves  (W.  Straub,  1903).  This  has  been  utilized  for  the  standardization 
of  filix  preparations  (Vagi,  igi4].  In  frogs,  it  paralyzes  the  central 
nervous  system,  the  heart  and  skeletal  muscles;  in  mammals,  it  produces 
local  gastro-intcstinal  irritation;  followed  by  tetanic  convulsions  with 
aimultani'ous  central  and  cardiac  paralysis. 

Administration. — Aspidium  is  used  against  tapeworms  and  hook> 
worm.  Its  rijiui^iinn  dales  from  the  ancients.  The  oleorcan  is  admin- 
islered  in  capsuk"^  of  '  ^  l"  ^  c-<^-  <  <""  emulsions,  as  descriljed.  If  a  cathartic 
is  ^vcn,  if  no  oil  is  taken  and  if  the  patient  is  ngorous,  the  ordiiuuy 
doses  cau.^e  little  disturbance.  If  unsuccessful,  several  weeics  should 
dapse  before  another  administration. 

Phenomena  of  Poisoning. — This  may  occur  e%'en  with  moderate  doses 
(Sidler  Huguenin,  i8gS);  and  larger  doses  are  dangerous.     Four  grams 


i8i 

of  the  oleore^n  have  produced  severe  poisnning,  but  jo  Gm.  have  been 
given  without  toxic  effects  (Drcnkhaw,  igii).  The  milder  symptoms 
CODStst  in  colic,  diarrhea,  headache,  dizziness,  dyspnea,  }'ellow  vLtion, 
tad  sometimes  tcmporarj'  blindness.  Stvcrc  castrs  showed  delirium, 
violent  muscle-cramps,  syncope,  tonic  convulsions  and  coma;  often  gb'co- 
sutia,  albuminuria  and  easts,  and  icterus;  death  occurs  by  respiiatoiy 
paralysis. 

Recovery  is  slow,  often  with  permaiient  blindness  (Stuelp,  1904). 
This  occurs  also  in  animals.  It  is  due  tos.pasmof  thcnctinal  vessels,  with 
subsequent  optic  atrophy  (Harnack,  1912). 

The   treatment  would  be   evacuant,   demulcent   and   symptomatic. 


» 
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PREPARATIONS ASflDIUU 

Ai^itm,V.S.V.;PiiixMas.B.P.  (Male  Fern).— The  rhiioiuiund  stIp«o(  Dryop- 
Cerit  Pllix  Ma»  and  miirginallsi  using  ooty  such  porlioos  un  huve  retained  their  icrcen 
«:<ilor.    D^ie.  4  Gm..  60  si..  U.S.P. 

'OUaretiHa  AspidU  [Olcorcs.  .\kpid.),  U.S.P.;  Ett.  FUicU  Lig..  R.P.  (Olcorctin  of 

A4ife  Fern). — An  evaporated  ctlitrtafrKt  rati  UoDlainlng  at  kiL^t  jo  per  cent,  of  Glidn, 

H.P.).     Greenish  oily  liquid,  often  conuining  a  crystalline  scdimcnl  which  should  be 

■  ncorporjitcd  bciorc  dispensing.     DisBgrcesbli:  taste  and  odor.     Dom,  1  t!m.,  jo  gr., 

CJ.S.P.  (Cautiun;  nol  repeated  on  Dame  day);  45  to  qo  miniEOB,  B.P.;incapsuleiior  emul- 

Kion.     SJiutimum  doie,  ij  Gm.,  4  drams. 

j4morpknu  FUkic  Acid,  N.N.R. — 0.5  to  i  Gtn.,  PUmaron  OH,  N.N.R.,  10  per  cenL, 
T^  c.c 

Ctai^,  B.P.;  fuOUMO  (Broyera). — The  pisdllale  Sower*  of  Brayera  ajilhelmintica. 
CTTbe  male  flowent  are  powerfully  craccic,  nnd.  therefore,  UitelcMon  vcrmicidu;.)  Con- 
Cairks  komlaxiiii,  rcUled  li>  I'llleic  *<id  (LeicbsenrinK,  1894;  Lobeck,  1901).  Dost, 
8  to    16  (im..  1  to  4  diums,  B.P.,  us  infusion. 

.^amala  (Rottlcrn). — The  glands  und  hairs  from  the  frui  I -capsules  of  Mallotus 
Philliplnenhia.  Contains  Rottierin,  rt^hited  to  £licic  acid  (Telle,  1^7',  Semper,  1910. 
Oo««,  10  Um.,  iii  drams. 

CHEHOPODniH  OIL 

The  oil  distilled  from  American  Worm-seed  has  again  come  into  promi- 
nence as  an  anthelmintic,  especially  agairtst  round  worm  and  hoolc-wnrms. 
It  Appears  to  be  highly  efficient  and  relatively  safe,  although  large  doses 
arc  toxic.     lis  efTects  on  the  worms  are  simitar  to  santonin,  viz.,  peripheral 
cumulation,  followed  with  large  doses  by  paralysis  (Trendelenburg,  1915). 

AMATiiel. — This  is  the  principal  active  conatitueni.     It  Is  a  very  unstable  com- 
Pouttd  ot  peroxid  type  (.Alsberg.  igt  j). 

SffldMi^. — Bruenin^,  igo6,  iijii,  found  thot  chenopodium  oil  bni  a  high  iniicity 
M  ftscuis,  itnd  a  low  toxicity  for  mnminak.  In  houk-wnrm.  Schiicflnci  and  Vetnonri, 
■413,  lound  it  cJinicaily  fully  C(|un1  to  thymol,  aad  supcnur  tu  bcta-Laphthol  or  cucabp- 
yi-  Biihop  and  Brosins,  1Q15.  counider  it  more  cflicicni  than  thymol,  with  the 
Inrthcf  advantage  of  easier  ndmmittr.uion.  In  ihc  Orient,  according  to  Hciscr,  191s, 
■k  cUnkal  results  have  bocn  superior  I u  other  facfuk- worm  reuiudles.  It  wil^uIso  highly 
<flccUire  aeaiiist  ascaris,  tapeworms  nnd  whipworini. 

AdainMratloo.~rhc  oil  dues  ni-ii  kill,  hul  merely  paralyze*  the  worms,  so  that  it 
■W  he  (iireo  with  u  oulharlic,  usually  taator  oil.  tJils  do  nut  inciea»c,  but  rather 
diaiirtih,  the  loJtieity  (Sil.inl  ;ind  BenKis.  1915). 

DoMge  i^ainst  Ascaris.— Por  children.  5  to  to  drops  of  the  oil  ore  ^vcn  on  lugac 
1*0  «« three  times  a  day  fur  two  days,  and  followed  by  a  tablc9|KK>n  of  cantor  oil  (I.«vy, 

WMCe  agBiiist  Hook-worm. — The  patient  is  allowed  a  light  luppcr  nnd  no  break- 
f»t-  Tile  trcatiBenl  iilarts  in  the  morning  with  50  (im.  of  magncMum  sulphate;  two 
boOiUltr,  16  dro|»  of  [he  oU  on  a  teaspoon  of  Krunulated  ^ugar;  the  same  dose  is  rc- 
pW  twice  with  two-hour  intcri'als.  The  Uut  Uhircij  dose  is.  followed  after  two  houri 
>>t\ Uttopoons  ol  castor  oil  with  50  droiw  of  chlotoforni.  The  treatment  is  riTjeated 
mUy  until  the  castor  oil  sluuls  are  free  from  tiva.     Kur  children  below  lifteea  yean, 
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the  dostge  b  •ppraxImRU'Iy  i  drop  per  )'car  (Scbueflner  sod  Vcrwoort,  1913; '. 

Bishop  Mi4  BrMkiK,  tgt5,a<l^-iM:cvcnMronlcr  Iccltnic,  ivqturinii  nodicUry  pn. 
tion.  Toe  oil  U  usrd  in  cnfnulcs  o(  0.$  c^.  For  udultik,  tbieedoem.  Fachui  t  ex.) 
given  at  JDlervnU  ul  Iwu  houtv  Cutor  ml,  1  ounocs.  I&  iidminittcrcd  tour  boim  dl^' 
the  lut  doM.  For  convenience  ia  colUctinx  the  Moolk,  the  trcalmrnt  ii  luuallv  »uiie<3 
In  the  cvenioK-  The  counie  it  repealed  vver^  three  to  five  (t.iy!i,  uotil  the  puBMUtluv^ 
4E*appcared  ^om  Uie  (cceK.  The  doMgc  for  children  is  i  drop  per  year,  oa  titgu.  t^^ 
litatmcnt  m.iy  lieconirnlndicntcd  durine  fever  or  iicuteicn^lro-tnleBliuuiBflaBuutlMK- 

Alwotpdon  «nd  Excretioin.— The  oiL  is  ub»orbtd  from  the  ligftted  •tomnch  u<S 
«q>cdtiUy  (nun  the  smnll  intestine.  The  excretion  occurs  pnrily  by  the  langt  (Sikik  C 
and  Livuiiaton.  11)15). 

Toxic  Effects  in  Mnn. — These  ure  ntre,  and  t^craUy  at  trilni  table  to  gtot^  wrtr-— 
douKe.  Tlic  !iyfii))U>ms  a>nsi&t  in  nautca,  vomitintf  nnd  abdominal  pibi;  bewdtfhg^ 
drowaineM,  dtitCiieia  ajid  tliuiitus;  ataxia  and  dcprcwiun.  Fatal  cam  »ho<r  wu^^-r 
Udiycardia  snd  convulsions  (1..cv>',  1914;  SciCert,  Nehenwitk.,  1915,  p.  140].  Tb^ 
InatDient  uimlil  coi^itl  in  purgatives  and  Mimulanls  (Matter,  ^9}*)- 

Toxic  ESectA  on  AoiBiais. — Thne  have  been  studied  npedal))'  by  Salaiil  sad  iM» 
co-«orkcr»,  1910-1916.  The  loxidty  varin  grcailv,  even  with  iotr&v«noiu  injccliea- 
It  Is  Increased  by  starvation,  diminished  by  abundant  dIeL  Cumulative  dTccis  hive 
abo  been  obKrved. 

Intact  antmnls  lint  >bow  depiCMuon  of  the  higher  ccntcn.  then  conviildons.  IVre 
is  a  cudlac  (all  ol  blood  prtsHirc  and  onian  vulume,  with  slowed  heart  aad  Aeaitted 
vagiM  irrilubility.  Somewhat  lar^r  daxs  alio  decieww  the  rate  and  ampUlude  ol  ifae 
tnplnition,  indenendencly  ol  the  drcuUlion.  Pcrittalut  it  diminiiJicif ,  by  iniraTtnu* 
injectiuD,  us  well  as  in  the  excised  intntLne.  The  deprvtdon  is  anta^uiicd  b^'  bsiiuiiw 
but  not  by  pilocar^n.  Ket1.1l  irritation  it  also  evidaiced.  CoSeio  antajpintMS  ■!>* 
mpiraloiy  cepreation,  epincphrin  and  digitalis  the  canUac  deprasuoa  (StUat  sM 
Livingston,  iptG.) 

PREPARATIONS — CItENOPODIUU 

•OUirn  Cktw^fodH  (01.  ChenoiKKl.),  U.S.P.;  Oil  <>(  Chenopodium  (Aaoic^ 
Worm-»efd),^A  voLutile  oil  diiltlled  from  Chenupodiuro  ambroaicades  laAo- 
luinticum.    DMt,  o.a  c.c.,  i  minims,  U.S.P. 


PELLBTIESUT 

This  is  a  mixlurc  of  alkalotds  obtained  from  Pomegranate  bouk.  " 
seta  mudi  more  powerfully  on  Ticnia  than  011  Ascaris  {v,  Schroedcr,  iMii 
also  effects  on  higher  itniranU).  Decoctions  of  the  bark  have  been  u*cJ*' 
tapeworm  remedy  since  the  Komaos;  but  the  large  amount  of  tannin  (» 
or  15  per  ceiit.)  often  causes  vomiting,  sto  that  Uic  alkaloids  are  prrferrtd- 
These  arc  generally  given  in  the  form  of  the  tannatcs  to  avoid  gistri* 
irritation,  employing  the  usual  precautions.  The  ofdinar>'  do^e  oUti 
causes  mild  toxic  symptoms:  vertigo,  dimmed  Wsion,  great  wcakocts**'' 
cramps  in  the  legs,  formication,  convulsive  trembling,  etc.  Toxic  do* 
produce  promptly  mvdrta.tii.,  iiartial  blii)diie4«,  violent  headache,  vtfliC' 
vomiting  and  diarrhea,  profound  prostration,  sometimes  convubiiHB 
(Landis,  1S89). 

PREI-ARATIONS— PKlXeriKHDi,  BTC. 

'PtaaltriM  Taaiui  (Pellet.  Tann.),  U.S.P.,  B.P.;  PellctJerin  Tantuie.— A 1 
of  the  larnulc*  of  alkaloids  obtained  from  the  botk  of  the  root  and  turn  of  the  I 
gnnatc.  Taarct.  iS;S,  found  two  actik-e,  liouid  vnUtik  alkaloids,  Punkin  and  1^ 
puaicia.  Tliccc  ate,  further,  I  vru  leas  native  alkaloids.  Methvlpanicin  and  PteudoF**' 
do.  Tbe  oommercial  alkaloid  b  ot  rather  variable  rompo4tioo.  The  laaaatc  ««>■* 
U  a  Hgkt  yellOfr,  odoricsa,  nmonhout  powder,  of  aitno^icnl  taite.  Slightly  nL  ^ 
water  [1 :  140).  soL  in  ale.  (t :  16).  IMk,  0.15  Cta.,  4  gr.,  ttS.P.;  0.11  to  0.5  Cm^ 
1  to  It  gr.,  B.r,;  Rti.^ncnded  in  water. 

Grmttum,  It.S.P.;  Pumcgranate. — The  dried  stem  and  root  of  Puiucn  ' 
Dost,  a  Gtn..  30  gr.,  U-S-P. 


ANTHELMINTICS 
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D«caa.  Gramsl. — jo  per  cent.     Dost,  i$  to  60  C.C.,  W   lo  *  r 

FUail.  Granal.,  VS.P.^Doit,  1  c.c,  30  miniins,  U.S.P. 

Arrai. — The  fruit  of  ArrcA  C*techu.  Contsina  vcrialcld&I  vuUtilc  nllc&Iuid  (Arc- 
edin}.  htca.  b  uied  only  in  velcrinary  tnedidne.  Arecolul  stimulate!  perislolsl!! 
(PaeU,  1910).  Atccolin  kydrobtonid  has  bccQ  UMd  locally,  H  ^  '  P"  cent-,  >u  miotic 
(iraaitioj). 

Ptf«.  U.S,P.;  CiKHT&iJit  Si^mfna  Pntparata  (Cucurb.  Sent,  Pnep,,  B.P,;  Pumpkin 
Snd,  Mdon  Pumpkin  Secil. — The  dried  (froJi,  B.P.)  ripn  scedK  of  Cucuibiln  Prp<> 
(tOAximB).  I>eie,  to  Gm.,  I  ounce,  U.S. P.;  100  Utn.  bruiscii  to  u  cresm  with  water  ut 
millc.  B.P. 

Pumpkin  or  Melon  Seeds,  fresh  or  at  lease  nnt  over  a  ynni  old,  arc  calen  in  ^  ounce 
doAM,  on  Itie  day  preceding  the  regular  treatment.  Tliey  arc  not  sufficiently  uclivo 
tbemiclvet,  but  seri.-e  to  support  othrr  measures.  They  were  investigated  chem- 
ieilly  »nd  phiu-raacologically  by  Power  and  .Salw.iy|  r^io;  hut  none  of  the  constit- 
utnts  bait  any  action  on  the  host  or  parasite^.  Weiablum.  igii,  found  neitliei'  alka- 
loidi  nor  glucosids,  and  also  considers  ihenctioa  very  unreliable.  The  fresh  "milk"  o( 
the  UKiMtnl  14  fiUo  said  l'>  be  .inlhelmintic. 

SfifHiti,  U.S.P.;  (Pink  Rootj,^ — ^The  dried  rhizome  and  n>ots  of  Spigelia  marilandica. 
Itnuici  toitupcfy  roundworms.  It  containsa  bitter  acrid  resin;  1  poisonous  alkaloid; 
volatile  oil,  etc.  Little  lA  known  of  Its  action.  Todc  cScctt,  which  arc  rare,  resemble 
tlMW o(  peUetierin.    Dose.  4  Gia..  60 1^1.,  U.S.P. 

FU4a.  Spit'l;  U.S.P.    Dosr,,  4  C.C.,  i  drum.  U.S.P. 

Aline  Srmiiui,  B.P.;  Butca  Seeds.— ^Thi  »ced»  of  Bulcti  frondosa.  Used  In  India 
m9  aathclniintic. 

Pidr.  Butnt  Sm.,  B.P.— '£>on,  Ol6  to  i.i  Gin.,  10  to  30  gr.,  B.P. 

SAHTOHIH 

General  Statement — Santoiiica  has  Iwen  a  favorite  remedy  against 

r^Und  worrriJi  since  Dioscondes.     Il  is  also  used  against  pmworms  if  theitc 

ha.vo  ascended  beyond  the  reach  of  enemas.     It  docs  not  seem  to  kill  the 

a-i*<Tari.'i,  either  in  the  inlesUiie  or  in  trilro,  but  they  alLempl  to  escape  from 

»•-   and  thus  flee  into  the  large  intestine,  whence  they  are  evacuated  by  a 

pur:salive.    Santonin  is  insoluble,  non-irrilaat  and  almost  L-Lsteless,  and 

i*   therefore  easily  administered  to  children.    It  may  be  mixed  with  some 

sugsu,  and  combined  witli  calomel  or  castor  oil,  which  does  not  increase 

1*^  a.fc«>rption.    To  children  of  two  to  five  jears,  0.03  Gm.,  }4  gr.,  may  be 

givon  every  hour  for  two  or  three  doses,  according  to  age,  and  then  not 

tep«^ated  for  al  least  three  days.     The  adult  dose  would  be  three  times  as 

nr»ucrli.     It  should  not  be  given  on  an  empty  stomach,  since  this  would 

favor  absorption. 

Santonin  is  the  lar.t.on  of  santcintc  add.  It  i»  dissolved  in  the  intes- 
^^^  as  sodium  santoninatc,  and  the  greater  part  is  eliminated  unchanged 
^  t  t»c  feces.  A  small  amount  is  absorbed,  oxidized,  and  the  derivatives 
(csEXscially  the  crystalline  Santogenin,  jaffe,  1890)  are  excreted  by  the 
"Jr*^  An  unknown  derivative  imparts  a  bright  ydlow  color  to  the  urine 
"ic**  acid,  changing  to  pink  when  alkaline. 

XZKmcs  but  little  above  the  ordinary  cause  "yellow  vision,"  persisting 
lor  s^mc  hours,  without  other  bad  effects.  Overdoses  produce  serious 
Pp'^oning.  Santonin  sluudd  therefore  onlj'  be  sold  on  prescriptions.  The 
Tr<^<;fc«i,  by  their  resemblance  to  candy,  arc  especially  liable  to  produce 
accidental  poisoning. 

^•^tlon  on  Wannni  Relation  to  Structure. — This  has  been  studied  by  Trendelenburg. 

lO'S,    en  rain-wornu,  litchc*  and  ait;irii.     It  consists  in  Mtonjj  sitlraut.illon  (iucreascd 

t^***^  and  ooniractiona)  of  the  muscle,  iicrusting  afti'r  remuval  of  the  ^aniclia.    The 

«»^*=*  isliighlytpcdfic,  nnre  it  ia  not  produced  in  .inylhing  like  the  same  degree  by  other 

fttttet«ntts  (iltbougb  ftomc  alkaloids  have  a  weak  action);  nor  docs  auntunin  ^limulale 

wtrt«b(Mc  muide.    It  ii  conneclcd  with  the  lactone  structure,  aa  i»  also  a  depre»anl 

cficct  on  the  Lujlatcd  frog  heart.    The  convulsant  rllcct  on  mamnials,  00  tbc  other  band, 

(to**  '■ol  depend  on  the  lactone,  but  on  tbc  napbtbaliu  Ducleud. 
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The  Phenomena  of  Severe  Intoxication.— These  art*  vomiting,  coBc 

and  diiirrlu-ii,  piiinful  micturition,  hematuria,  headache  and  vertigo,  weak- 
ness, somnolence;  finally  convulsions  (whlcii  may  be  unilateral),  and  fall 
of  temperulure  (Binz,   1S77;  Ilarnock,  1901). 

The  Treatment — This  would  consist  in  evacuation;  chloroform  in- 
halattun  against  the  convulsions;  and  stimulants  against  collapse. 

Fatal  Dose.— In  children,  0.06  Gm.,  (  gr.,  has  produced  »triou»  poiioiiinf:,  aad  two 
•uch  doses  have  been  («iitl;  in  olh«  casei.  o.iS  Cm-.j  gr.  earned  only  light  tympioBt. 
■nd  ivooveiy  ha^  occurred  after  0.73  Gm.,  ti  gi.  By  ndu1t»,  o.j  10  i  Gm.  and  more 
have  been  tnten  withciiit  damage  (Lcwin). 

The  Color  of  the  Urine. ^Tliis  muy  be  runCuied  with  (hut  of  eroodin  (rhubarb,  etc.). 
The  emtxliii  colors  can  tjc  shaken  out  with  ether,  or  prcctpitatcd  by  lime  or  barium 
water,  whilst  the  santDnin  color  can  not. 

Vrk  Acid  Eiimimilion. — This  is  increased  by  Santonin,  ns  by  other  intcMiniLl  irri- 
tants (.\bl,  iQij). 

Xanthopala. — ^Dosea  as  small  as  o.t  Gm.  may  cause  "yellow  vUoa" — i.e.,  white 
light  \as  at  first  a  violet,  then  a  yc!lowiih-ra«en  hue,  and  these  colon  tint  the  entire 
field  of  vision.  The  pnwcr  of  seeing  in  dimught  is  also  Icucncd.  Ii  hu  boeo  dnnon- 
Blrated  that  these  ciTccts  are  peripheral  {Kiues,  1804),  and  the  theory  b  advanced, 
based  on  some  experimental  daln,  that  wijonin  impoirx  the  reproduction  of  ihc  visual 
purple  itnd  violet,  which  arc  at  (vnX  uned  very  rapidly.  There  is  no  truth  in  the  itate- 
tnent  that  it  discolors  (lie  mvitia  of  the  eye  (Kilenne.  luoo). 

Colored  vision  al^i  occurs,  but  more  rarely  with  omyl  nitrite,  picric  or  chromic 
■cid,  and  digitalis  (dc  Schweinitz,  1S99). 


PREPARATIONS — SANTONIN 
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*  SatiUminum  (Santonin.),  U.S.P.,  B.P.;  Snntonin,  CnHi^i,— The  Inner  anh: 
or  laclonof  sanlonicaddobliuncd  from  Santo nica.  Coloilrsi  cr;italx  [turning  )t11o« 
on  exposure  toli(:ht);odorles8andnG<u'ly  tasteless  when  first  placed  in  mouth,  but  alter- 
ward  developing  a  bitter  tastt*  Very  sliglitly  sol.  in  wulcr,  sol  In  ale  (1:43).  Don, 
0.0A  Clin,.  I  ^r.,  U.S.r.;  0.06  to  o.i  Gm.,  i  toj  gr.,  B.P.;  in  ponder,  with  a  little  SOCM. 
Maximum  dose,  0.1  Gm.,  1  gr. 

Santonin  has  bcv-n  used  in  epilepsy  and  in  diabetes,  but  with  little  racccM. 

SanUmica,  "Levant  Worm-ieed"  (really  the  uncxpanded  Rawerheads  of  Artcmliia 
paucillora),  also  contains  cincol,  but  ihis  ha4  no  action  on  ascaris  (Btuening,  if  t>). 

Trock.  SaiUoniK^  fi.P.;  Santonin  Lozenges. — Each  contain*  0.06  Gm.,  t  gnia. 


VEBHICIDES    FOR    THREAD    WORMS    (OXTURIS) 


These  are  usually  treated  most  efficiently  by  the  rectal  m)c<;tion 
various  irritants.  The  rectum  is  first  washed  with  injections  of  iron, 
tannin,  or  bitters  (quassia,)  to  limit  the  secretion  of  mucus,  and  is  thea 
irrigated  with  solutions  or  emulsions  o(  salt  (5ss  to  pt.).  aloes  (3]  to  pi.), 
or  turpentine  (o'lj  to  pt.),  etc.  Mercury  sails  arc  sometimes  used  as  in- 
jection or  suppository,  but  are  dangerous. 
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COHVULSANT  POISONS 
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Con\-ulsion5  may  be  caused  by  direct  stimulation  of  the  muscles  (ver- 
atrin)i  or  of  efferent  motor  nerves  (physostigmln,  aconiun);  or  by  rcdexes 
from  strong  afferent  stimulation;  or  by  stimulation  of  the  motor  centers 
in  the  cord,  medulla  or  brain,  either  directly  by  the  dru^,  or  ait  a  result  of 
asphyxia,  etc  These  produce  dilTercnt  types  of  convulsions.  Spinal 
convulsions,  as  typified  by  strychnin  and  catTeln,  are  generally  symmetrical 
and  when  fully  developed,  tetanic  {i.e.,  the  contractions  arc  maintained). 
Mtduilary  convulsions  (picrotoxin,  camphor,  asphyxia)  arc  more  irregular, 


STHYCHNW 


iyminelncat  and  clonic  (rapid  intermi-tsiAns),  Ctrthral  eonvttlsiom 
Mjsinthc)  areo(  thccp)Iq>tic  type,  irrcguliir,  often  invohing  only  limited 
(roups  of  muscles. 

CoovuUions  are  usuaUy  the  result  of  extTcme  stimulation  of  the  motor 
centers,  and  as  such  arc  mainly  of  toxicologic  interest.  Smaller  doses  b( 
llkcae  drugs,  however,  may  Itc  u-scd  for  therapeutic  stimulaiion;  their 
■ctiom  oftco  extending  to  other  ncrvouti  omtcrs,  and  exciting  the  respira- 
tory aod  vasomotor  centers. 

STHVCHITOT  AND  miX  VOMICA 

Gtneral  Statement— Str)-chnin,  the  main  alkaloid  of  Nux  Vomica,  has 
ftiosdnabie  therapeutic  and  toxicologic  importance.  It  increases  the 
■^flcxeicitaliility  of  the  spinal  cord  and  of  the  medullary  centers.  The 
action  b  chiefly  on  the  dor&al  gray  matter  of  the  cord. 

Therapeutic  dtwcj  pro<luce  a  "bitter"  and,  therrfore,  tonic  cfFeci  on  the 
■'Unatary  canal;  improved  tcme  and  nutrition  of  muscle;  and  a  limited 
KDoimt  of  respiralofy  and  vasomotor  stimulation. 

Texic  doM-s  cause  characteristic  tetanus,  violent  changes  in  blood 
[Kasurc,  and  spasmodic  respiration.  Deatli  occurs  from  asphyxia  and 
DCKii  the  paralysii4  which  succeed.*  the  stimulations. 

Actions  closely  resembling  those  of  strychnin  are  produced  by  a  num- 
ber of  other  alkaloid.4,  which  liave  little  practical  importance.  The 
MKHWof  tei.Tnutt  tiixiti  ;irc  vcrj'  similar. 

DoacriptioD  of  the  Motor  Effects.— The  principal  symptoms  of  strycb- 
lia  pnisoning  in  all  vertebrate  animaU  are  referable  to  modified  and  in- 
otaicd  reflex  excitability  of  the  spinal  cord,  culminating  in  symmetrical 
caavaUions  and  tetanu.<.  Tlie  motor  reflexes  are  mmlified  .so  llial  smaller 
^idmnli  are  effective;  and  the  response  even  to  slight  stimulation,  is  maxi- 
tetanic,  and  tends  to  spread  to  all  the  muscles.  There  is  also  a 
lal  of  inhibitor)-  into  augmentory  reficxes,  so  that  the  reciprocal 
Wfao  of  antagonistic  muscles  is  dbturbcd. 

Tbe  symptoms  in  man  corrt7<|x>iid  to  those  in  the  tower  vertebrates. 

"(thtmall  doses,  there  is  merely  a  greater  response  to  stimulation,  and 

<k  aoscks  feel  somewhat  more  uut.    As  the  dose  is  increased  to  6  or 

in  men,  5  or  6  mg.  in  women  (Hartcnberg.  1913),  this  tightening 

more  scn^ble,  especially  in  the  neck  and  jaws;  the  movements 

rather  abrupt;  and  slight  iwitchings  may  appear  in  the  individual 

^^ides.  often  in  the  little  finger.     (In  ca.4C  of  paralysis  from  a  high  lesion 

■|n|ilexy),  the  paralyzed  muscles  may  be  the  drst  to  react  since  they  are 

"■mtd  from  the  ceicbral  inhibitory  impulses.) 

CoDVulatnt  Effects. — With  toxic  doses,  these  symptoms  are  promptly 
^tndnl  by  sudden  convulsions,  usually  following  some  stimulation; 
W  tkc  premonitory  symptom*  may  be  «b*ent.    The  attack  may  start 
^tnud  cry,  which  is  usually  caused  mechanically,  by  the  convulsive 
■BiKoent  of  the  air,  rather  than  by  i>ain.    Tlie  convulsions  involve  all 
wMlontary  muscles  of  the  body,  including  the  diaphragm.    Tlie  move- 
Ms  are  at   first  rapidly  intermittent,  but  become  promptly   tonic, 
lltitiK  in  a  t>-pical  tetanus.     Since  all  the  muscles  are  contracted,  the 
~~'~  ms  arc  s>Tn metrical,  and  tlie  body  assumes  the  position  corre- 
to  the  stronger  muscles,  which  in  most  situations  are  ihc  extensors 
Ingly,  the  body  is  arched  backward  (opisthotonus),  so  that  tbe 
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pjttifint  may  touch  the  ground  only  with  the  head  and  beds.*  The  las 
arc  adduct«d  and  extended,  the  feet  curved  inward.  (A  Irog  may  be  beiA 
hariaoniaUy  by  the  feet.)  The  arms  are  citbrr  suonRly  flexed  over  ihc 
chest,  or  rigidly  extended,  with  the  fists  balled.  The  jaws  arc  fixed,  and 
foam  Rathers  at  the  mouth.  The  fixed  dJapliraRm  and  the  tense  thoracic 
and  iiilMlominal  muscles  arrest  respiration.  The  skin  and  mucosx  arc, 
therefore,  cyanotic  and  congested;  the  eyes  protruded,  evolved;  and  the 
pupils  dilated.  The  pulse  is  small  and  tense,  often  imperceptible.  The 
paticmt  remains  perfectly  conscious,  and  suffers  severe  pain  from  the  vio- 
lent contractions.  The  asphyxia  may  be  fatal  in  the  first  attack.  More 
commonly  there  is  a: 

RemissioD. — The  tetanus  lasts  perhaps  a  minute,  then  the  musclea< 
relax,  and  the  patient  passes  into  a  greatly  depressed,  almost  paralytic! 
condilion.  still  perfectly  conscious  and  very  anxious  and  oppressed,  with 
dry  throat  and  thirst,  sometimes  sweating.     Thi*  intcrmissicm  Lxsis  at 
most  ten  or  fifteen  minutes,  when  there  is  another  attack,  usually  again 
following  some  slight  stimulation.     If  this  is  not  fatal  by  a.<iphyxta,  it  is 
again  followed  by  remission,  and  so  on,  the  whole  sequence  bang  repeated. 
The   remissions,   however,   become   progressively  shorter,   the    spastna. 
become  weaker  and  the  paralysis  more  prominent. 

Death  occurs  usually  in  the  interval  after  the  second  to  fifth  attack, 
from  exhaustion  and  general  depression.  It  may  l>e  preceded  by  asphyxial 
coma. 

Rtcovery  may  occur  from  sublethal  doses,  or  under  appropriate  ue*t- 
ment,  the  convulsions  and  deprt^^on  disappearinji  gradually.  Animals, 
however,  have  been  obser\ed  to  relapse  into  fatal  convulsions  several 
hours  after  apparently  complete  recovery  (Sollmann),  so  that  patients 
should  be  watched. 

Dependrncc  of  Convulsions  on  Rfjirv  Slimulallon. — In  tht  U^hflR^stlcs  of  strydmin 

pmsonmg.  the  convulsions  occur  only  on  rcflci  -itimulntinti.    In  the  severe  gradei,  il 
»iT  often  nppnrcnily  sponUneous;  bul  even  Itcra  they  are  really  reHcx,  due  lo  sliglii  i 
uccidcnta)  sensory  stimulations.    This  ix  sliown  liy  tht  tuct  that  atnvnltions  do  iwl" 
occur  sponlamousty  ifidi  tensary  imfrettioni  art  prrvtnttd  from  rmcUni  Iht  tfitud  eord, 
Mt  hy  dividing  .il!  ifie  posterior  roots  in  fiogs  (Hermit nn  Meyer,  >!t46);  tof^ethrr willi 
the  medulla   illerinft.   tSgy,  Verwom,  1900)',  Or  by  plndng  the  frog  in  a  vcrj-  weal: 
cocain  solulioa  (Poulsson,  1889}. 

Different  Forms  of  Stimulatioii. — Practically  all  kinds  of  sudden 
sensory  stimulation  may  provoke  the  convulsions.  The  skin  is  especially 
sensitive,  even  to  the  slight  jars  produced  by  heavy  walking.  Sudden 
tight  and  sound  are  also  dangerous.  Gradual  stimulation  is  much  less 
effective  (as  with  all  reflexes),  so  that  a  patient  may  support  coDsideraUe 
but  deliberate  manipulation,  as  ior  instance  artificial  respiration;  when  •. 
slight,  but  abrupt  or  unexpected  touch  woulfl  cause  an  attack. 

Stimiiiaiian  of  Ikr  upasrd  inifilinrt  dnet  not  caute  eonvuUion^,  ^loce  thne  tuc  poor 
in  scnsiir)'  lilicrs. 

Chrmicai  slimtdaiion  (the  application  of  dilute  odd*)  not  only  failii  In  produce 
tetanus,  but  even  the  normal  reflex  h  crently  diminished  (Schlick.  1840).  Tie  absence 
of  Ict&nus  Is  enuly  explained  because  the  slow  poietration  oi  thtf  nail  leids  to  a  gradual 
instcitit  ot  ubrupt  »ti.muktiun.  Tlic  variouii  expUnations  of  the  dimini^cd  rcKtfao 
urv  mainly  hypothetical  (B.-tglioni,  iqeto  and  1900;  .Sano,  MjoS). 

Simple  oai  Crontd  ttrjlrir-t, ^Toe  eflocia  of  strychnin  are  relatively  gf««lcr  (i.«, 
the  ihmhdiJ  is  [owcml  morel  for  (he  crossed  or  lea-arm  reilcm  than  for  ample  UB- 
croucd   reflexes,  apparently   because   the    cicitabillly  Id   simple   patha   u   Bonaalljr 

<  The  i>ppwtc  poailton,  lx>d]r  l>«nt  forwArd.  oonttitntM  "«m(mjatiiO'ioni>a." 
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H>  Ugh  that  it  can  not  he  materially  iticicoKd  by  clrychiun.  Therefore, 
Ui^rtluiin  lacreatc  of  cxdubUtly  a  b«itcr  mutkeil  lii  the  more  diHicult  complex 
where  sevosl  tyiupwi  interposed:  or  irhFO  Ihc  nurmul  tbreahold  ba*  been  raised 
«r  or  upliyxk  (E.  L.  Porter,  1914,  t<)ij}.  The  cxciubiUt)'  U  jacreascd  (be 
inhKlMii  diock*,  w  well  aa  for  inierrupteil  aiirouli  <vaii  Lecuwen,  igij). 
'Tki  UtiifUMlon  ^  lif  Shtrl  Reacli^a  of  Otdimry  XqImm  inl«  tit  Prolniteal  Com- 
eUtm  tf  Slry^min  Titanus.—U  mighi  tw  ftuppoMd  tlut  the  itiychnin  tetanui  a  due  lo 
t  Mimmalkia  of  repeated  »liBDuU;ttich  [nuiicukrcioDtniction,by  the  movement*  of  the 
■den  Mid  joiats,  icts  up  a  (mb  r*flex,  time  rnpldly  succcodfoK  st[inu%  FusIbjc  Into 
tetanic  oonlntction  which  pcnists  until  the  nerve  centers  Are  exhausted  (Ba^loni, 
ftawercr,  there  b  food  evidence  tlint  thU  it  not  necexaiy,  but  thnt  the  ict«niM 
t «  true  mujiiple  reaponw  to  a  nHftf  Kliuiulus:  For  {t  occun  alto  !(  all  reOexM 
orianal  uiMle  atinulua  are  exdndcd;  J.i.,  icianus  occurs  in  n  Ug  with  a  nngle 
.t  M  ItK  dlvldtd  eoKory  rtervcs,  the  remiuniicr  of  the  animal  beine  cunrued 
'nd.  191J; Bucbaaan.  1911;  Henkel.  loij).  Thospinal»tlmuli,iiistrychiuit  tetanus, 
A  the  aiicKlex  nt  the  rate  of  50  per  wcond  (Fahreakamp,  1914). 
Dfttfton,  tou.  concludes  that  the  itrychnin  action  conuit*  in  greater  srniiltiveneu 
'thmtnl  receptor  cetbi  aut  la  (greater  spread  of  thelmpulMS,  or  In  itrcatcr  inientity 
lIlhtArcnt  impuUet. 

AvETHiJ  of  Redprocal  InnervtUion. — The  modiAcation  of  the  reflexes 

rSliychnin  is  not  merely  quantitative,  but  also  t|ualilative.    Sherrington 

>fsj  io  iqoq)  showed  that  in  a,  normal  animal,  the  contraction  of  a  muscle 

I  Itcompanied  by  the  automatic  relaxation  of  its  antaf{OD>stic  muscles. 

IWnc^rocal  rc^cx  is  destroyed  by  such  substances  a«  strychnin  and 

dWonn.     With  strychnio,  ul  reflex  stimulations  result  in  simultaneous 

QoiacUonofall  ihe  muscles,  indudinfi  the  antagonist;  whiUl  witbchloro- 

!>■.  tbey  result  in  simultaneous  Relaxation.     (The  vasomotor  sj-stcm 

nam  analogous   phenomena,    Bayliss.)    Tlic   work   of   de   Barenne 

(DH(d  tinder  "Localixalion")  showi  other  qualitative  duuigcs  in  the 

oQioos  o(  Lbc  scnsor>-  cells. 

Loudon  of  the  Tetanizing  ActiOD.— The  distinction  betii-een  the  pos- 

"•tu!  lilts  of  convulsant  action  furnishes  interesting  illustrations  of  the 

psral  methods  of  exi>e[imenlal  pliarmacoloxy.     Most  of  these  expert* 

aucan  be  carried  out  more  conveniently  on  frogs;  but  they  can  also 

dcmonstraled  on  mammals, 

Tm  Action  is  LocaiiseH  in  (he  S^ituU  Cord. — This  can  be  easily  shown 
yodnsion:  (a)  The  pfripherai  motor  apparatus  is  excluded  by  section 
Hlic  Dcrve  trunk,  which  arrests  tlic  convtUagns  in  the  corresponding 
■ocln  (Johannes  Mueller,  1844}.  Convcr3ny„oo  con\'ulKions  will 
icon  il  strychnin  is  injected  directly  into  a  muscle — say  the  leg;  provided' 
liM  Ihc  1^  is  lirst  ligated  to  that  the  poison  cin  not  reach  the  general 
iiailition.  (6)  If  (his  experiment  is  modified  a^jhat  the  neT\-c  is  not 
nfudnl  in  the  ligature,  the  absence  of  con^nilsion^iUI  also  prove  ilti 
Uydi&b  docs  not  aRcct  the  peripheral  sensory  ap^ahti^  (Ma^^|^«, 

it)  The  brain  and  medulta  oNongaia  are  not  essential  to  the  ft 
these  occur  in  frogs  in  which  these  centers  have  bt-en 

ti  The  posterior  root  Rangfia  are  alsooJi^coHCfrnfd:  for  iv^i-cal   iiUiioa.! 
be  ODiained,  by  direct  !itimulatk>norY(i«CDrd,  when  aJl  the  posteriotj 
ihavcbccncut  in  frogs  (Hermann.  iS^ft;  Vcnvoni,  i^^/i);  iinH  in  rl<>>! 
I  wbeo  the  afferenl  fil>ers  from  these  ganglia  have  completely  cicgencr-' 

0I  after  section  (Sherrington,  1898).     Nordoe^thelouLbzed  applicatiim 
*tr}Thnin  to  the  exposed  posterior  root  ganglia  produce  any  eOecta 

■  Barciinc,  1910). 

(f)  Aaion  OH  Iht  Spinal  Cord.— It  is  ev-ident.   therefore,   that   iha^ 

^rhuin   action   is    located    somewhere   within  the  spirukl  cord.     Tlic'. 
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next  quMtion,  whclht-r  it  acts  on  the  sensory  or  on  the  motor  Intc-ts,  or 
on  bolli,  has  not  been  conclusively  answered,  aliliuugh  it  has  been  the 
subject  of  much  ingenious  investifjalion.  At  present,  it  appears  that 
both  the  motor  and  sensory  portions  of  the  cord  must  b«  poisoned) 
obtain  the  typical  strychnin  convulsions.  ~ 

Molhods  of  Anatomlciil  Isolation. — The  basic  eip«'rim«nts  in  tUi  diwctwa 
madt  by  ii«fm[iiiii  Mcyti  in  184^  :  aftvr  cutting  awuy  the  entire  pMUfior  coli 
the  spinnl  cotd,  he  fiiund  that  strychnin  [Iocs  not  prrtducf  letanui,  even  if  the  rvi  _ 

conl  Is  loucliud.     If  ihc  ablation   it  loiiliuuil  tu  a  jiart  of  the  cord,  the  coiTc»poBdbi| 
muscle  do  not  participate  in  the  convulsion^!.    Thw  seems  to  indicalc  that  the  acr'"~ 
U  located  in  the  posterior  and  not  in  ihc  nnlcrior  column*.    However,  w  pointed 
by  Verwom.  1900,  the  proof  is  not  conclusive,  (or  the  operation  produce*  too  1 
shock,  and  bcudcs.  destroys  nil  the  pbyiiologicEl  rclatioiM  of  the  motor  cells.     Sli 
objections  apply  to  all  unatomical  methodt,  so  that  these  c;in  not  furnish  cosdi 
evidence.     It  w.-is  therefore  nctc^-iarv  to  have  recoatse  to  physiological  mcnn>. 

Localized  Application  of  Strychnin  to  the  Spinal  Cord. — Houghton  »n<]  Muirhecd, 
iSgs,  baaing  themselves  oo  [he  tiirlicr  and  imperfect  work  of  A,  J.  Spence,  1S66,  at- 
tempted to  uliliie  Iht  fact  that  impulses  from  the  leti- 
sary  cells  of  the  cervical  segmrnis  of  Ihc  cord  10  ihe 
motor  cells  of  the  caudsl  stcgmtuits,  am)  vUtrtna.  Bf 
destroying  the  circulation  and  applving  stiydunn 
locally  to  the  cxpoacd  cord  it  l»  therclore  pouibic  to 
make  impulses  pass  cither  through  a  poisoned  MB- 
sory  cell  to  an  unpolsoncd  motor  cell;  or  thrau^  an 
unpoisoncd  ^cniory  to  n  poisoticd  motor  ccIL  In  Fig. 
4  the  (.trychnin  is  supposed  to  be  rtattfcted  to  ih* 
cervical  half  of  the  curd. 

The   path goes   through  *  ptusofttd  sen- 
sory to  an   unpoisoncd   motor  mU;  the  p«lb 

through  on  imuoitioncd  jensory  to  a  poisoned 

motor  ccH.  When  the  foreleg  is  EtimuUtco  in  thif 
fiog.  Ihe  hlndlc^  participaies  in  the  coDvii]ik)i& 
When  the  hindtcc  IS  !itimulnled,  there  isDOCoavuljioa. 
AnnlLigous  observations  have  been  made  on  nuii- 
mals  (Ryan  and  McGui|!an,  ion);  do  (r<^  wilh  Uw 
sensory  paths  paralyied  by  phenol  (Dadiont,  1900}; 
and  on  the  excised  nervous  S)'stcm  01  tOMU  (Bag- 
Uonj.  1Q09). 

These  reauUs  were  interpreted  oi  proof  that 
sirvchnin  acts  essentially  on  the  sensory-  mechanism  of  Ihe  co^,  and  that  the  motor 
cells  were  at  best  unessential:  for  convulsions  nppcnreii  ivliencvet  ilie  impulse  MMCd 
through  a  poisoned  sensory  cell,  uven  though  the  motor  cell  be  unpuisoned:  wber«a* 
no  convulsions  a^ipcared  when  the  sensory  cells  mere  not  poisoned,  even  though  the 
motor  cell  was  poisoned. 

However,  these  results  are  obtained  only  when  the  ccrv-ical  cord  is  poisoned.  H 
the  strychnin  is  nprilied  to  the  lumbar  cor<l.  the  convulsions  do  not  spccoil  at  all  to  the 
cer^-icd  sirgmcnls.  but  remain  confined  strictly  to  the  poisoned  an*  (McGuissn  and 
Becht,  1914).  l-'urthetroofe,  it  lheen(iV*aDiin»lisi>oisooedby»ni«]ldcBi-sofstrychirfn, 
the  same  phenomena  are  observed  as  in  the  lloughlon-Muirhead  expciicment;  namdx, 
minimul  stimuli  applied  lo  the  forelegs  piodurc  general  convulsons,  whereas  the  tSRie 
Blimuli  opplicd  to  the  hindlegs  produce  only  local  contractiona.  The  HowhtCO- 
Mulrhenif  phenomenon  may  therefore  be  explained  hy  Ihe  more  easy  a^ccaAng  ef 
Impulses  in  the  caudal  than  in  Ihe  ccphaUc  direction.  (The  entire  subject  U  revicwtd 
by  McGuigan,  Keelon,  and  Sloan,  1916.) 

Rarrnne.  inn  to  tgij,  adduced  some  new  fact*.  By  strictly  localized  applica- 
tion of  ^trychnm  to  the  exposed  spLnal  cord  of  frogs  and  dt^  be  tinih: 

I.  When  the  application  is  restricted  to  the  ventral  surface  uf  the  cord,  mo  pmep- 
tlblc  symptoms  are  produced. 

a.  When  it  is  restricted  exclusively  to  ihe  dorsol  surface,  there  is  no  tetanus:  but 
instead,  a  characteristic  syndrome,  comprising  sensory  distuttiances  (parestbtaus), 
increnscd  rctlcic-s,  and  incoordinate  asymmctiicaJ  torildungs.  These  "domi  symp- 
toms" are  sharply  localized  on  the  skin  according  to  the  level  and  side  of  applkatloa 
lo  the  cord;  the  skin  nrrsA  bcln^>  identical  with  the  "dcrmatomBla"  defined  by 
anatomic-physiologii'  i»olation  methods.  They  occur  even  after  tbc  division  and 
defeneration  of  the  posterior  root  bbers. 


Pic.  4- — Diagntia  of  Htnufhti^n- 
Muirbcwl  upfrimimt. 
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i.  TVpickl  teUnuA  oocnn  only  il  MM  tine  leaaotf  uid  motor  tntcU  tat  p^soaed. 
rJ.  H  ttc  (irydiala  »  applied  doiMlly  to  tlie  um  rqlon,  uid  vcnUally-  to  ibe  1^  re< 
^  ibcB  ttLiinulBtioo  of  tbc  leg  otusm  only  aomurteaeacs  (lu^Muooed  ttntoty  to 
pdMtd  BOtor);  MimulBtion  of  tbc  um  cuiMS  tetaou*  of  the  lcff»  (poboncd  Moaory 
MfdlOMd  nutoT)  in  which  the  arm*  do  not  partldpaU  (pcnaonad  Knsocy  to  iuii>o)*oiied 
Mht).  TfaiK  experiment  («luch  m  cimlinnni  by  Acritofi,  1913)  would  indicate 
AitMlh  UueeBiory  and  naotor  ceils  miut  be  poisoned,  lo  obtain  the  lyiucal  tetaaa*. 

VAr  Certtx. — The  cerebral  motor  centers  reiict  to  the  direct  applicaiioa  of  itiych- 
M  md  4IW  to  picrotona)  by  inctcascd  cscitaUUty  to  electric  stimulation,  and  even 
triMttic  Kwalatieoua  moi-emenU,  tdtntinl  wiili  those  which  miild  be  induced  by 
mtic  tdnnitatioo.  Ttie  action  b  not  abolished  by  dccji  nneMheua  (Btckelet  and 
Syamfci,  t9ij).  /( ts  loralUcd  In  the  gmy  multlcr.  tor  it  dliappcars  on  ablation 
{Mb)l  aad  Ma^nini,  1009). 

lk"tilent  area"  of  the  brain  doonot  renpond  to  the  local  appScation  of  »tr}-chnin 
«■«««.  1013). 

hftkk  Ctnkri. — These  are  e\*idcnily  not  Dftccted  by  slrj-chnin,  aince  cooKiouuieM 
bagtlktiirbed  until  ihr  on»t  <>t  osphydn!  cama. 

Pnctlcal  Significance  of  the  Location  of  Strychnin  Action. — The  loca- 
lieo  of  (he  tetani/Jng  action  of  strychnin  in  the  »|iiiuil  cord  is  not  only  ol 
aptnn>ental  intercsl,  but  aUo  of  practical  importance.  It  explains,  for 
ivunce.  why  strj-chnin  convulsions  are  aboli-Jicd  by  curare,  since  curare 
Uwks  impulses  from  the  cord  lo  the  muscles.  Also,  that  str>'chnin  has 
■tinnier  aciion  on  a  iiaralviced  limb  in  those  cases  of  paralysis  in  which 
ibtlaHn  is  above  the  cord,  for  ctitting  off  of  the  spinal  cord  from  tbc  brain 
thnys  increases  its  reflei:  excitability. 

Tbc  (act  that  strychnin  in  ^niall  doses  increases  the  lone  of  mmdft  is 
■iudue  to  its  heightening  iht  rcfiex  excitability  of  the  ^inal  cord.  Not 
(•ly  the  convukive  centers,  but  other  spinal  centers  are  put  in  a  condi- 
tlu  more  fav-orablc  to  rcflexK.  It  is  in  this  way  thai  strychnin  is  useful 
if  mprtmce  or  in  paralysis  of  the.  bladder  or  otfier  sphincters,  when  these 
utdoc  lo  lowered  activity  of  their  respective  spinal  centers. 
bdinct  Results  of  the  Motor  Actions. — The  increased  activity  of  the 
brings  about  several  secondary  results,  such  as  piiin,  ii»phyxta, 
metabolism,  disturbance  of  temperature,  tendency  to  rise  of 
pressure  and  quickening  of  i)uUe;  early  posiniortcm  rigor.  The 
ia  in  turn  produces  its  characteristic  phenomena. 

nia>~Strycbnin  coaTukiona  ore  extremely  jminf  ul,  jubt  an  any  other  form  of  muscle 

. .  .  . — The  iu<,'re-jsed  muicuUr  tone  or  convulMonA  result  In  IncrcMcd 
.ilion  uf  oxygen  aod  ouljnit  of  cartKiD  diouil,  and  Increased  \iit  ot  ulycoien. 
IkbcMaM  ol  gucouK  mctabolum  t*  oburviUile  even  with  thcrapculic  dwtei  (Ei&all 
lUnnt,  WA)-  'Hic  uphyxia  will  alto  csune  hj'perKlyccinu  jnd  Klytinuria. 
ISict  of  CoBTutsaati  on  TMnperature. — All  coovultunt  potsona  (•aniuiiin.  piero- 
h,  tirythalB)  produce  dumcierittic  chanse*  in  heat  reeulation.  fimatl  do«« 
■•  iKnucd  beat  ]om  asd  a  slifhlly  anuUcr  heat  productioR.  larger  doacs 
It  lacnutd  meiahalkm,  thniuxh  mutcular  actiua,  and  hence  Increued  heat 
■odKtiua.  «hkh  b  accompankd  by  a  furtber  increue  of  hent  lovt.  Paralytic 
AniaUli  tlie  heal  nroductioa  very  greatly.  The  Irmfmiiitrt  it  accordinKly  varl- 
Small  italic*  lentl  to  lomt  il;  moilemc  convuliive  dowa  would  incrcue  il; 
>nt)Ptlc  dutca  lower  it  Jtrcatly.  The  beat  Iom  is  particularly  comqncuoua  in  Kmall 
'  ronf  asimaU,  nhilit  Larger  aiuDiak  tend  to  uio*  a  rite  of  temperature,  oilh 

dlMCS. 

,lrtf.— Slr)-chniii  .ind  other  convuluoot  mute  the  anpcamnce  of  lactic  add 
..  |«o%'ided  that  the  glycogen  stoie  is  adequate  (L*iu,  19)6), 

KttX  Vomica. — The  preparations  of  Nux  Vomica,  and  its  scootul  allui- 
'  Brudn,  act  csMntially  like  ali^-chnin. 

ftHda.-'Tbe  action  oi  Iwucin  (t  much  ncakcr  ihan  that  of  Urychnln.  the  ratio 
irylaK  wlih  dlAcrm  ammab.    The  iiaral>-IiL-  aiid  ctirare  cSecta  ate  relatively  »tron(«f 
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(itsemhling  mctlij-l-str)clinin),  so  tbat  Brudn  i»  less*  UKfiil  tlicriprutic4lly  (r/.  Diioa  ' 
kl)d  llatvty,  iijOS'j, 

Bram-Sn7GhiiiiiS. — Tlic  two  miMiij-broni-sttychnini  act  rimiUrly  to  Kttyctinin,  but  ' 
arc  only  H'  or  ^  as  elective.  Dibrom ■strychnin  iit  dao  convulHinl,  but  in  (roitB  U  ' 
produces  mainly  the  ctiiare  cScct  (C.  R.  Marthall,  igil}.  ' 

Other  Spinal  Convulasats. — Spinul  tetanun,  in  «verv  re«pecC  idmtlu  Co  thai  of  > 
■trychnin.  is  produced  by  cafl^cin,  thclmin  (nn  opium  alltalold),  gclMmin,  <alatMtia  uid 
hydraslin.  etc.     It  i;  alM  a  late  pbcnuincoon  in  mofphiniKcd   Fra^i.     Tftunus   utiim 
likewise  incrcasei  spinal  tc^tanu^.  thv  minor  ditlcrpnca  being  due  mainly  to  pcmiliariiirt 
oJ  flhsoiptiitn  (.Frochlich  and  Mcycr,  1915), 

Tlif  Convulianl  Adion  i<{  Sulfikonaled  Dyrs;  Inlnbilery  Action  of  Ctrebram. — Arid 
Fuchsin  (llarlmur  and  Abel,  1910).  and  other  wattr-solublc,  neurnphilic  tulnhoiutrd 
dyes  (Macbl,  19 u),  itiixiuccslrychniii-likccynviiUbiis  iu  fruKi.     In  normal  lrti|c>,  the' 
tftanus  occurs  only  after  a  lonji;  Intent  period  (up  to  tn-eniy  hourn).  and  requirci  rela- 
tively large  doscr>.     If  the  onlcrior  third  of  the  cerebrum  U  removed  (cither  betoir  or 
alter  llic  Lnjectltin),  IJic  cnnvulniuns  cx'vur  uiucli  more  promptly  (within  thirtten  miii-^ 
utesj.and  very  much  smaller  do=.es  (l|o  to  Jiol'Uiiicf.     Thcantcriarccrebnimtbeii 
exercises  a  strong  Inhibitory  cllcct  on  the  ci'invulsanl  nclion  of  IbcW  dniKS  (tnudtS 
if  any,  on  ollirr  convut^nt  poisons).     With  the  cerebrum  iotact,  the  latent  perfo 
also  shortened  by  i.-oluntary  fatigue. 

Catdifttomhed  Frog'. — Joseph  and  Mdt*er,  1911,  found  that  the  late  convulsuil 
action  of  ucid  fuchsin,  and  of  [norpliln.  could  be  greatly  haitcned.  and  that  a  very  ciiucli 
smaller  dose  would  sutScc.  in  frogs  in  which  the  heart  had  been  tied,  the  circulation  o( 
the  blood  being  Thus  arretted.     Acciirtling  to  Abel,  i')i3,  ihis  intcrc<linK  obMT^'atioti  ia 
explained  by  the  peculiar  distribution  of  iJie  poison.     The  li)nilion  of  llie  heart  ptcveDt* 
the  dissipniion  of  the  poison  In  the  body,  and  the  anterior  lymph  hearti  drive  the  bolutioa 
directly  into  the  commiinicnting  v-e»gcl»  of  the  central  ncn'ouft  system.    This  h  thei^t 
fore  exposed  to  a  much  more  concentrated  solution.    At  the  same  lime  the  intermp*' 
tinn  of  the  norma)  circulation,  and  the  partial  nsphyxin,  increase  the  wnniiivenew  ef 
the  nervous  system  to  convulsants;  for  the  outbreak  of  lh<»c  Is  haslcocd  even  if  the 
heart  is  excised  itjier  the  drug  has  been  injected.    Meltier,  bowe^'cr,  doc*  not  accept ' 
this  explanntlon. 

Carbon  Dioiid. — Tlus  also  greatly  haatcns  the  convulsions  wben  Its  lensioD  in  the^ 
air  exceeds  10  per  cent.  (Jweph,  1915).    The  gas  ulso  lowers  the  thnshold  for  strych- 
nin convulsions  (THIcher  and  Sollrnann,  ii>i5). 

Tlierapeutic  Use  of  Sti^chnin  in  Paralyses.— Stiychnin  and  niix 
vomica  are  used  lo  preserve  muscular  nutriiion  in  paralysis  from  func- 
(jonal  neuriles  and  high  lesions;  to  raise  the  torte  of  the  rectal  an<l  vesical 
sphincters  in  Incontinence  of  urine-  or  feces;  to  improve  the  effects  0* 
cathartics,  especially  in  atonic  constipation.  It  )s  also  u»ed  (but  U  of 
doubtful  value)  in  se.tual  impotence.  Most  of  these  uses  have  been  di*- 
cussed  in  the  te:Xt. 

Paralylk  Ditcrjrr j.-~lt  should  be  remembered  thftt  strychnin  only  iocreues  the 
excltiibility  of  existing  stnicturcs.  ft  mu^t  therefore  be  useless  in  ornuuc  lenoni  of  the 
cord,  fn  spastic  paralysis,  and  in  in<tummatoryc'>ndilion»,  it  would  DC  caul r«indicated. 
Moderate  doses  (t  to  1  tog.,  three  tiroes  a  day)  may  be  useful  in funelional deprcKsion 
of  the  cord  (lead  poisoning,  or  sometimes  in  tuphlhcritic  paralysis);  hut  its  main  indi- 
cations arc  for  maintaining  the  muscular  tone,  and  thereby  tireveoting  musctilar 
otrophy  whilst  awaiting  the  repair  of  cerebral  lemons  (apoplexy);  but  it  must  be  re- 
nembered  that  large  doncs  of  sti^'chnin  may  brin);  apoplectic  attacks  in  predls- . 
posed  paiientSv  The  trophic  effect  should  be  ^npponed  by  massage  and  electridljr. 
Str^'thnin  Is  also  s»id  to  lessen  the  pnin  of  some  older  pantlrtes. 

Ineonliamu  0/  Urint. — Stryi:limii  would  be  u^clul  only  ft  the  incontinence  V-  doc  to 
atony  o(  the  sphincter;  if  due  lo  overaction  of  the  detrusor  urine,  the  indication  would  be  ^ 
lor  alropln.  j 

Sexuiil  Impotmf.r, — The  spinal  stimulation  of  strychnin  would  be  uselol  thcoeet- ' 
leatly;  in  fact,  however,  the  eondiiton  requires  either  suinceition  or  systematic  cenenl ' 
tonic  treatment.  The  reputed  specific  nerve  tonic*  (phoiphoriM,  etc.)  act  mainly  as ' 
general  tonics;  whilst  others  (doniiaoa,  linc.  yohimbin)  act  mainly  by  suggtstloa. 

MeduUaiy  Actions  of  Strychnin. — These  arc  analogous  to  its  effects  \ 
on  the  spinal  cord,  consisting  in  a  more  or  less  violent  and  convulsive  j 
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aaggBUMB  of  the  reflex  excitability,  particularly  of  the  re^iratory  and 
tnonatar  centeis,  fdlowed  by  paralysis  with  toxic  doses.  These  effects 
■It  nxre  or  less  modified  by  the  coexistence  of  a^hyxia.    . 

These  mednHaiy  stimu]ati<nis  are  very  marked  and  vioiait  with  con- 
vdsive  doKS.  With  therapeutic  doses,  they  are  so  slight  that  they  can 
Kt  be  demoDStzated  with  certunty,  dther  clinically  or  esperimentally. 
The  thenpcotic  ose  of  strychmn  as  a  res^Miatory  or  circulator}'  stimulant 
IhcRfote  rests  on  a  very  insecure  basis.  It  was  doubtless  due  mainly  to 
tk  ■— liiMji  transfer  of  the  results  of  convuldve  doses  to  therapeutic 
doses. 

TWnpwitic  Doees  on  the  (Smtlatiaa.— These  produce  dtbcr  no  effect 
vhUenr,  or  a  very  sli^t  (10  to  20  mm.)  rise  ci  blood  pressure,  fairly 
«tfl  sosoined.  Tbe  rise  is  rather  man  marked  in  the  diastolic  pressure* 
Direct  obscTvatiaa  of  the  \-asomotor  center  may  also,  but  exceptioaaQy 
Aw*  <ii;<tt»iiH<lnnhtfalgtjmtilatinn;hntina<yliyTr;a,thf«unB  doses  (o-OC 
sf.  po-  kg.)  cause  mtense  vasomotor  stimulation  (POcber  and  Solf 
mna,  1915).  These  effects  (aside  fnsn  asphyxia),  are  so  inconstant  and 
~  that  thev  could  be  acddentat    Tbe  cardiac  contractions  are  not 


Oiniral  <teeT\-atioD5  on  the  Uood  jvessure  and  heart  rate,  in 
hcahh^d  ia  raiic«&  diseased  cooditkms  (cardiac  li'ff*'ir<^  fevers,  etc), 
gnc  swAult  Degaiiie  or  incoDchiai-e  results,  cvaa  when  rather  hige 
4'>ft*  (?lt  gr-  tfTov  boor}  were  used  (Cabot,  1904;  Parkinson  and  Row- 
liMll,JtM3^dt9i4:XailKii^  1915:1^x^5,1914).  The  pcKXtive  result^ 
CocAaad  Bdg^  190;,  aad  at  Marvin,  1913,  mnst  thmJore  be  viewed 
«ilh  ■■yr^jfT 

danlane  Doaes. — Whikt  small  doses  of  str>-chnin  have  but  little 
dectflB  tke  cvcula90D.  convabi^  doses  cause  %'er>'  coDSpicaous  changes; 
t^Kt  ill**-  a  Ibibc  hie  vi  bk«d  presEHrc.  due  to  cmtral  \-asomotor  siimuh- 
tisB.  ^rodnced  namH-  b>-  the  direct  action  oi  cm'chnin  00  the  center; 
boa  aided  {tt  de  ccrrvaliiaiK   and  msfbyiii.    This  is  followed  by  %'aso- 


FTJOg^woat  vt±  ibe  carrnlgaos:  lie  trpiol  oonne  is  iOf^ws  m 
'.  -J  tat  irrtp^  :^iKf  M  "bi  tie  neas  prr^ETt  vats    '-«=.:n] 
KE  ,  -M.  boL.-:  i<!^  uc/vcd  u^  OKSKtbeuid    c^oial  ra^ai  nisa- 
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Ution).  During  Uiv  letanw  (c),  the  pffwurc  Is  vciy  l>iK'>  (fnUnsc  itimulaUoD  oT  vi 
motor  renter),  the  bcnrt  hcxXs.  arc  (aatcr  nod  imoUer  (reflex  vagus  deproniMi.  nuinly 
through  muscular  i-xvrlion).  As  llie  lelanitt  disafipears  (<])  ibn  prta&urc  falU  t>«low 
nornml  (ccntrxl  vasomotor  piimlysi^),  and  the  hcnrt  bcnli  baotnc  very  slow  (intcruc 
Viigus  siiniulation,  iiuloly  a^pliyxUl).  The  phcnoincrut  b  to  d  are  repeated  during 
each  spasm. 

Ai  dfoih  approachfs,  and  ihc  respiration  atrpt.  pcrmnneotly,  the  pcemure  recnuM 
low.  and  the  heart  beats  rapidly  but  weaUy  (tutiil  parjJysls  ol  vasomotor  and  vatu* 
centers),  and  finally  slope. 

This  description  applies  almost  equally  well  to  the  effects  of  convul- 
sions produced  by  any  other  cause;  and  particularly  to  asphyxia  («cc 
Fig.  6).  These  are  both  present  in  strychnin  poisoning,  and  must  be  con- 
tributory factors.  However,  they  arc  not  the  main  cause  of  the  ri*«  of 
bk>od  pressure;  for  this  occurs  when  convulsions  arc  excluded  by  complete 
curarization;  and  when  asphyxia  is  prevented  by  arlJIidal  respiration. 
Ordy  the  portion  (d)  of  the  tracing  is  due  catirdy  to  asphyxial  vagus 
stimulation. 

Vinomotor  Crnlrr. — Pilcher  and  Sollmnnn,  tgtj,  found  that  the  vasomotor  center  Ii 
ftreatly  tiimul.'kied  by  convuUive  do^es,  independently  of  (he  convuldoo*  or  asphysla. 
Ver>-  lorge  doses  (uUive  i  mp,  per  kg.)  depress  and  pwalyze  the  center. 

The  Vein  frfssiire  which  is  also  unchanged  by  therapeutic  doses,  rises  daring  tetuntt, 
indicating  caidiae  iiisuBidcnty  (Ciipps  and  Matthews.  iQij). 

Vatiular  Arttu. — Duriut;  the  strychnin  rlfce  of  pioaurc,  all  the  spUDcIuiic  veucls 
contract,  while  those  of  the  iikin(WcrtheiiDcr  and  Bclescnnc,  1S9;)  and  cerebrum  (Roy 


Fm.  A-^A«^hyxu  00  blood  prtf&nira  (Dnt).  "^^  trach's  w«a  ti«d  al  X.  Xim  rtapiTMi;^^ 
tnovtmenu  arc  at  Gnl  cucgcr&Ud.  but  t>ec4>inf  (hollair,  >r>i]  ilop  nt  XX.  Thr  hurt  iieii»  >i  14); 
but  it  oflrti  give*  A  fc«  bolutcr!  baiU  (hj  *f1«r  havina  ilop^tcA  for  fct'cr&l  mJfiuCt*. 

and  Sherrin);ton,  1890)  dilute.  The  veMcIs  ut  the  pia  mater  and  retina  arc  cooUricted 
(Hirschf elder,  lOiS). 

Vasomotor  CoDvulsions.— In  curarizcd  anlmaU,  the  tIk  Id  blood  prcMuie  occwt 
spasmodically  (S.  Mayer,  1871),  and  tin  be  brought  on  by  reflex  atimtuatloa,  Jusl  like 
tnc  con^-uUlons  in  orclinar>-  animals  The  dox  required  to  produce  the  canvuliant 
and  ihc  vasomotor  action  are  also  identical.  This  (iipporli  the  view  that  the  action 
oF  ttr}-chiiin  ou  Ihc  medullary  centers  is  e^enliully  idetilical  with  its  action  on  (he  ipioal 
centers. 

Vviamalnr  Rrvertal. — According  to  Bayliss,  tgoS,  contraction  of  the  vcswb  Umogli 
the  vasomotor  center  is  always  brought  about  by  «.Liinula(lon  of  the  vasoconstrictor 
ner\-c3  and  simultaneous  automatic  inhibition  of  the  vaiodiiatora — the  reciprocal  in- 
ncrvRiion  of  Sherrington.  Bayliss  claimed  that  Ibis  ismiHlific(^byi>trycbninaiidcitlon>- 
form  in  exactly  the  same  sense  as  with  ^cletal  muscle;  and  there  u  the  same  3n(a80*>b*n 
between-  the  t«'o  drugs.  The  vnfoconstriclors  arc  «u  much  more  powerful  tbon  tbe 
dilators,  that  tinder  sir^chnin.  every  reflex  stimulntion  ".ill  cauw  a  riw  of  blood  pfcMWr; 
under  chloroform,  a  fall  thrnugh  inhibition.  Lnnglcy.  iqii,  however,  failed  toconfinn 
the  "rei-er^r'oJdeprcsior  Qbcn  by  strychnin;  inualJilusetiiiinplytncrcaM  tbe  rcq»oMC 
of  the  pressor  fibers  and  large  do^es  <  10  to  10  mg.  per  rabbit)  produce  tnuuaebt  ponlytit 
of  the  depressor  respond,  but  never  "  reversal. 

ilMrl.— Amongst  clinicians,  the  uplnioa  prevails  vtrr  widely,  that  strydtalB  Is 
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•  "twifiw  tUmuloMl."  TUs  <linicn1  term  doos  not  n«cc«urtly  Imply  tbal  tbe  drug 
HfcallllHl  tin  IkMrt  lUnctly;  liut  nicrrly  ibuC  it  improves  the  pulse.  (The  cxprctaoo 
b  ttaed  w  looaely,  that  the  iiudcni  it  nd vised  to  diKcaid  ii  ullOKCihcr.) 

As  a  nutter  of  {act.  strj'thmn  hus  □»  effect  whatever  an  the  heart  in  thcinpeutic 
doce*  Kith  /rn'Kg  animaU.  ConvuUant  doses  cause  »ome  stimuUtion  of  the  vcntriclet 
(Wincn,  191(1).  (Cunefon  dums  iacreaae  of  csnliac  tone  Id  aolmab  with  o.oj  mg. 
par  kfiognun;  bat  Oib  lacJa  confirmatioa.) 

When  perfumed  directly  through  the  excised  hcnrl,  ihc  effects  ore  firat  MirnuUnt. 
then  dcpretunl  (Ucdborn,  iKersbt'irnur,  ivos);  but  the  [icctaaary  coannlraliun  t'oulo 
Dot  be  maintained  in  riro. 

Reipiration. — In  animal.4,  therapeutic  doHes  of  strychnin  increa.se  res- 
jiimiion  mainly  by  acccltralion  (Cushny,  igi^).  This  is  due  to  increased 
excitability  of  the  center,  and  indirectly  to  the  increased  movements.  The 
increase  of  re»piraiion  {»  not  always  conspicuous,  on  account  of  the 
variable  excitability  of  the  respiratory  center.  Clinically,  it  is  practically 
absent  (Newburgh,  1914;  Edsall  and  Means,  1914;  Hig^ns  and  Means, 
191S,  4.5  mg.  hj-podcrmically).  It  Is  presumably  greater  when  the  cx- 
dcabUlty  b  partly  depressed,  as  in  anesthesia  or  morphin  polsonini; 
(Bibcrfekl,  1904). 

With  toxic  doses,  the  respiration  is  spasmodic,  arrested  during  the  teta- 
ntis;  acct'ltralfd  immeiiiately  Jifli-r;  and  de|iressed  during  the  ititermission.t. 

Therapeutic  Use  of  Medullary  Stimulation. — The  supposed  circulatory 
and  respiratory  actions  of  strychnin  led  to  its  use  in  collapse  (fainting, 
trauma  and  hemorrhage;  fevers;  depressant  poisons,  alcohol,  anesthetics, 
coal-tar  derivatives,  snake  venom,  etc.)  and  in  exhaustion  of  the  respira- 
tory center  (pneumonia,  phthisis).  It  is  probably  incflicient.  In  any 
case,  it  should  be  remembered  that  it  would  be  only  a  temporary  remedy, 
useful  to  tide  the  patient  over  a  crisis;  it  could  not  In  iUelf  produce  any 
permanent  improvement  in  the  central  nervous  system.  It  would 
merely  raise  the  reflex  excitability;  and  It  is  doubtful  whether  the  perma- 
nent maintenance  of  this  artificially  raisc-d  irritability  is  ever  of  benefit, 

TraaiibilU  SiMck. — I^rofuund  suri;i<-'a)  shock  involve*  a  complete  paralysis  of  the  vuso- 
motor  center,  aMorinled  with  dcpresMon  of  the  heart,  and  presumably  of  the  vessel* 
tbemsclvcs.  The'  poor  ciiruUtion  enures  the  pr<>mpc  dcKmeratioR  of  the  neri'ous 
centers,  in  nhlch  Ihey  can  not  respond  to  stry<^l>nin  or  any  otbet  stimulant  (Sullmann 
and  I'ikher.  loifl).  Even  epineptrin.  ttnnifu«ion  or  other  mecluoiiad  means,  whilrt 
they  nuy  tcmparnrily  rc»lofe  the  blood  ofCJ-iurc,  «in  not  restore  the  nervous  cenlcr* 
(Cnlc).     Burstire  hrmorrliage  prueots  tic  Mme  tonditiona. 

Ulnar  Degrtts  cf  CoUop.ir.  and  EtpttiatSy  in  ffenuirrhage,  in  Feeert,  and  in  Inlozica- 
tiom. — In  these,  the  inrn-.aK'l  excitability  of  (he  vasomotor  center  miRht  somewhat 
counteract  the  lowered  bluorj  pnruurr,  und  enhaiic«  ibE  elTrct  of  other  stimiitant 
meawre*  (saline  iafuiion,  eir.).  Moderate  doses  of  stcytlinin  (i  mg.)  are  usni.  prcf- 
crmbly  h>-podcfm[c«lly.  However,  tlie  clEolc&l  studies  of  Ncwburgh,  19I4.  anil  Lucas, 
10 14.  were  entirely  negative.  Its  effects  are  certainly  much  less  piunouuced  than  those 
of  tbe  reflet  vutomolor  stimulants  (ammonitt,  nicohni,  ether,  onmphor).  These  reflex 
stimulnnlsure  more  useful  evpccially  fur  fuinlinic  and  Ictaporary  myocunjial  Insulljciency. 
Ih  l/eari  Diit^ii  proper  stt^-chnin  is  generally  tontrnindicalcd,  unless  it  be  to  easo 
the  dvnpuea;  even  this  eDect  could  be  secured  better  by  caflein.  Newbufgh,  1914.  found 
DO  effect  from  JSo  lu  J^o  grain  in  broken  compcnsiition. 

Depressanl  Egrets  of  Toxic  Doses  of  Strychnin. — The  medullary  and 
spinal  functions  all  show  a  curious  mixture  0/  stimulant  and  depressant 
respon.ie  to  strychnin;  the  stimulation  j)redominating  during  the  con- 
vulsions, the  depression  during  the  intermissions.  The  p>aralytic  effects 
graduallymcrea.se  asdealh  approaches,  tbe  respiratory  center,  vasomotor 
center,  vagus  center,  and  the  cardiac  muscle  tailing  in  about  this  order. 
Exhaustion  and  asphyxia  as  well  as  the  direct  depressant  action  of 
strychnin,  arc  important  factors  in  this  paralysis. 
•3 
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CmtrUutiry  Paclon  in  S^yehiim  ParalyHt. — Tliftt  cxhnaMion  w  ftn  IcspeHaM  nt- 
tributary  factor  b  shown  by  the  (net  lliat  Utc  may  U.-  Kn-atty  prolong  by  pRnoU^ 
the  coavulsloiu  through  dtlotal  or  cumre.  The  prolongation  of  li(«  by  aiilftdal  i» 
pjntion  «howi  the  cuninbuiory  action  o(  atphyxla.  HowcTer,  onlmab  die  fromluir 
dam  of  fttrychnin,  nhcn  uhaiution  and  Mpbyxia  are  both  odudod,  b  the  ■autr 
indicaied.  Indeed,  the  direct  dcprcwdon  seems  «cner&IIy  to  be  the  rmun  factor  (Bait- 
no  and  Locwc,  iqij). 

Thrrc  »ocnu  coiwidcrable  rc.uon  to  believe  that  m-  the  frOR  the  paralyA  o(  Uw  cn»- 
Inil  nervous  syitcm  b  CAUicd  Urgcly  bv  the  (allure  of  tbo  ciirulatioa  throng  oijltiC 
panlytls;  but  thU  ti  not  the  sole  cau»i:.  lor  the  hntrt  b  often  (till  bcnting  when  the  le- 
flaes  have  disappeared.  In  the  case  of  niamm.ils  death  u»unUy  ocean  before  the  bnrt 
has  stopped. 

Tmpottance  oj  Trealing  the  Paralyiis. — It  is  important  to  bear  in  miod 
thai  the  convukinn.i  are  not  in  themselves  the  dangerous  clemcBl  in 
Btrychnin  poisoning.  Death  is  rather  due  lo  paralysis.  Kcniediat  ibi»- 
ure»  mu.it  therefore  be  directed  not  only  against  the  convulsiooSt  buC 
also  againsL  Uie  subsetjuetu  paialysi-^. 

Ttiamus  alofu  It  not  tilth  a  dantireut  wutillon.  Thus,  tetanua  quite  us  vtelmC 
aa  that  of  strychnin  has  been  produced,  e.g.,  by  camphor,  without  bdi^  fatal,  smI  Ik^ 
roy  severe  con vuliion-i  of  traumatic  letanui  may  liut  for  week*,  wbetvas  bn^edBHi*' 
(tiychniii  mav  kilt  ufict  a  ^ngle  twiicJt  or  even  vnthout  say  signs  of  toaviMw* 
(death  may  (acq,  however,  be  due  to  cardiac  purnlyui). 

i'McW  5<iMc>.-^tiychnin  (3  to  3  mg.)  iDcreanes  the  shorpncsa  and  field  ei  iMot 
for  all  colon  (Dresar,  t894)>  u)d  ilIm  the  olfactory  mdm.  The  soiae  of  toadi  ii  RrIb. 
If  at  all,  aSected.  These  actions  ore  ccalrd.  In  the  eye  it  acts  probably  also  00  tktf 
retinal  gsmilion  cells,  the  elTocts  being  obtainable  unilntcrnUy  by  Injection  mto  the  KB— 
plet  or  under  ihu  i:uDJuii<;livi.  It  has  been  einplu>-«j  ti>  armt  the  progicw  of  *F^ 
atrophy  araaunnis  (Nogel^J,  sonielimci  with  tempoioiy  improvemeBt;  >j  10  KJC^t 
a  >i  iier  cent,  solution  (1.5  to  s  mg.)  being  injected  Into  the  temple. 

Billrr  and  Tonic  Actions. — Strychnin  i*  extremely  biltcr  (perctptlUe 
in  dilution  of  i  :4oo,ooo  to  i :  100,000,  according  lo  the  sen$iljvcD«&  of 
the  obscn'cr) .  It  shares  the  stomachic  effect  of  other  bitters,  and  is  thert^xe 
used  lolmproveappelileanddigestioninnervousdyspepAixs,  chronic  gastiic 
and  intestinal  catarrhs, hypcrcmesis, seasickness, ctc.and  thus  fa^-or  nuBi- 
tion.  The  increased  tone  of  the  muscles  crcatesa  feclinRof  vigor  wUichfm- 
tributcs  to  the  "tonic"  effect.  Toenhancc  tltcloca.1  action,  Sic  tincionof 
nux  vomica  {1  cc  diluted,  before  meals)  is  often  preferred  to  the  alUcid 
(i  to  2  mg).  It  is  often  combined  with  other  tonics  (Elixir  Ferri,  Quiaiiir 
ct  Strychnituc  Phosphatum),  If  the  bitter  effect  alone  is  desired,  Owite* 
of  the  tincture  may  be  reduced  to  i  or  3  drops,  which  is  loo  small  lopc^ 
ducc  any  central  effects. 

fn  fniiuk»rit  it  ho*  been  employed  as  a  prophylactic  in  coajuncciun  with  sinp* 
(Skinner,  N.  V.  MmI.  j;our.,  December,  i8q^:  Cfrard,  1906}, 

Drug  //dAi7.— The  biltcr  and  tonic  «fltct>  of  strychnin  nuke  it  a  utcful  adJanX'' 
the  treatment  of  chronic  alooholisoi  and  other  drug  babitt. 

Dicbdei  /nri>iditj.— Sttj-cbnin  b  said  to  be  occa^ooMly  eflectlve  ia  reducW^ 
polyuria.    There  U  no  i>harinai-ii1ogic  eiplan^lion  for  thb  action,  if  JtcibttL 

Ptritlaliii, — Strychnin  is  often  unci]  at  itn  addition  to  other  cathartics  ('AUf' 
Belladaana  and  Strychnin")  with  ibc  idcuofimproving  their  action,  especially  la  iMJ 
CMlstipalion,  It  stimulates  the  .Aurrbach  ganglia  on  direct  appbution  (Lugley'^ 
Magnus,  190;).  It  ha»  not  been  ihown  whether  thb  action  would  occur  ia  ft*  thn*' 
peutic  use.  Mnndcrmically,  it  probably  has  no  direct  effect  in  otdinary  doses,  attt 
lexic  doHS  weaken  or  arrest  peniitaUi!;  (Pollak,  1910).  Any  results  may  perhifS^ 
explained  bv  increased  lone  of  the  spinal  centers  which  mOuence  iatesoiul  M*^ 
mcnts  and  defecation.  For  thb  purpose,  the  atmct  of  Nux  Vomica  is  genenDyW" 
Us  me.  in  pills). 

Other  Periphoial  Actioas.—^ycbnin,  when  used  sjitemically,  has  practical  "> 
peripheral  uction  on  muscle,  nerve,  or  glands  except  the  bitter  effect. 

■  C).  Oorby,  Ivol.  Bistun  Mc<l.  ft  Siu(.  Josr..  to.  joS. 
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Hie  lout  apptit^limi  of  slrani  laluliom  pitrolfici  mtMt  ncn'nui  and  muiculur  tiMues; 

lor  imtancc  the  hcnrt  muscle,  siiiicrior  ccrviral  )ti>i>sli'i'>.  >^tri[icil  inu.«clc  coding). 

'Ji»  U»t  cfl«cl   {(urerf  action.  Laplcquc.  1013)  &Im)  occurs  wmUy  Ln  livlnf  (rags. 

~  Aotcn  seem  to  scnsiliic  the  neuro-muscuJsr  junction,  lancring  the  ttitexbolil  to 

Uimulaljon,  nnd  <Icltying  fniicuc  (K.tmmclt,  1916).    The  curftrr  rlTr<rt>  are 

_  r  1a  linicin;  an<t  mctli>'l>str\'clinm  may  be  countcc!  in  the  Cimrc  group.     After 

rdeUli,  sbychninueiJ  iotv.^  I'case  to  respond  to  sciatic  ttimulation  much  earlier  than 

nonnaDy  (Cithcns  and  Mdtzcr,  loii)- 

AetioH  iM  InvrrSthraSfs. — Strychmn  acts  as  A  weak  protoplasmic  poison  on  araeboid 
crib.  >-eut,  etc.  Higher  invertebrate  animals  are  also  relatively  insusceptible.  Maov 
iruecii  arc  quite  immune,  others  are  only  slightly  injured  (JucheiULck  and  Grlebcl, 
1910). 

Absoiption.^ — Stiychnin  is  promptly  absorbed,  mainly  from  the  intes- 
ktioe.     In  rabbits,  none  is  absorbeti  from  the  stomach  proper;  it  is  not 
IcnowD  whether  this  is  also  true  for  man. 

GottrU  AbsorftloH. — Rather  variable  results  have  been  obtained  by  different  in- 
v«Mi^ators  when  ttrychniti  niii  placed  in  ligatcd  stomachs.  Cicncrally.  akohalic 
Mlutionsare  .»b*orbcd  rrfldily,  n<|ocoussolulior»4  tcarcely  at  all,  These  rcsullisccro  to 
dracod  partly  <in  the  liKulion;  for  from  unliKitcd  stomachs  (I'awlow's  pouch)  uqueouR 
solutions  are  mil  absorbed,  better  than  alcoholic  (Rynn,  1911). 

Excretion. — .K  part  of  the  strychnb  la  cxcKtcd  uni:iiuii!;ed,  miilnly  by  the  urlae. 
SnaaD  qiuiilitirs  occur  also  in  the  saliva,  milk,  sweat,  bile,  and  feces.  The  acrclion 
Starts  within  five  minute*  after  nhrarption  (Tnsen,  1893)1  and  is  piactimlly  completed 
within  fiirly-cight  to  seventy-two  hour«  (Btikuiiio  and  Majoiie,  i';o6),  alinoui^ 
tracts  may  bt  found  even  after  five  days  (Plutfge.  iSSj;  Hale,  looi);  Kucnier,  1914). 
In  the  renxirkable  <:ast  of  a  patient  who  hail  6  wn  Unwed  t;  grains  nnd  rcrovrrrd,  Hewlett, 
1913,  feoovernl  4U  grains  (rom  the  first  slomacb  wasliings,  and  a  total  oF  1%  Krains 
from  the  urine,  mainly  between  the  first  and  tenth  hour.  Traces  were  pre-icnt  on  the 
fourth,  none  on  the  tifth  day. 

Dcctnidko. — At  li-a«t  a  fourth,  and  often  much  more,  of  the  administered  strychnin 
can  jtot  be  recovered  from  the  excreta  (Kobert),  and  is  presumably  destroyed  in  the 
tiMOC*  0>crhap«  mainly  in  the  liver;  not  in  the  alimentary  canal,  Hatdier,  1904), 
Kraltcr,  1881,  however,  belicvca  that  none  of  the  alkaloid  is  destroyed  in  mammals, 

loflnence  of  Absorption  and  Cbeniiel  of  Administration  on  Efcct — 
Since  the  capacity  for  the  excrelion  and  perhaps  the  destruction  of  strych- 
nin is  relatively  great,  the  effect  of  the  same  doae  will  vary  considerably 
with  the  rafudity  of  its  absorption.  Hj-podcrmic  injections  are  ihcrefore 
two  to  eight  times  more  active  than  oral  administration;  intravenous 
injections  are  two  to  three  times  more  active  than  hs-podermic.  The 
effects  of  rectal  aii  ministration  approach  more  closely  to  hypodermic 
than  to  oral  iidministration.  The  to.xicity  of  strychnin  is  slightly  reduced 
by  the  administration  of  large  quanllties  of  fluid  (Kleiner  and  Meltzer, 
191a),     Colloids  have  a  marked  retarding  effect  (Hatcher,  1904.) 

Even  \-ery  large  doses  may  produce  no  symptoms,  V  the  experiment  is  arranjied  so 
aa  to  nwkc  their  absorjilion  very  gradual;  for  instance,  by  injecting  it  into  the  ligatured 
limb  oi  a  guinea  pig.  A  cunMderable  qunntity  will  be  gradually  absorbed  through  the 
ligatured  Utcue;  and  if  Ihc  ligature  is  released,  aJier  several  hours,  the  effects  will  Iw 
corrapondingly  small, 

DistrflMUion  in  Body. — In  fatal  cases,  the  strychnin  is  found  mainly  in  the  blood, 
Kver  and  kidneys,  in  froths  especially  la  the  spinal  cord,  but  there  is  no  evidence  that 
uryduiin  is  bound  by  spina!  cord  emidsiouis  Cnimn  and  Kansom.  loit), 

W.  Koch  and  Mostrom,  lott.foundlhot  pho&phatidsincrcisc  the  solubility  of  ha»ic 
■tr>-chmn:  but  thfn  is  probably  a  simple  wlulioii  phenomenon,  and  hii  niilhinu  to  do 
with  111)  selective  action  on  the  ner\*ous  system.  Lombardi,  101,1,  also  6nds  thai  the 
Londty  of  strychnin  is  somcwhnT  diminished  when  it  is  first  digested  with  brain  sub- 
nance;  but  ool  II  (he  br.ila  of  a  itrydmtu-poisoncd  dog  i^  u^i'd. 

Dlfloence  oi  Age. — Children  arc  said  to  be  comparatively  unsusceptible 
lo  strychnin.  In  old  people  with  atheromatous  arteries,  large  doses 
might  lead  to  apoplexy. 


MANVAI.   OF    PHARMACXlLaOY 


Increased  SusceptibUitj  on  Continued  Administration. — The  cont 
ous  UM-  o(  stiyclinin  docs  not  k-ad  to  mtcnimjc;  on  the  contrary,  t^*^^ 
repetition  of  its  action  "educates"  the  nervous  !«vstcm  to  respond  Bio^H 
readily,  so  that  the  effects  arc  apparently  slightly  increased.  ^^ 

After  the  rcpeateil  (LilminUlratioti  of  equnl  inanic  doto  to  ttoe%,  the  ^nuoh  «xnr 
earlier  and  la»t  lotigcr  (Motlrom  nnd  McGuigitti,  191:).  In  tnutimnlt,  ihecnMfianM 
of  W.  Ible,  1909,  ^vc  rather  ini:i»ncUidve  rcsutts,  some  indlcalins  tncreMW  lacfjfl- 
blUty,  othcn  slight  toUrance. 

SusoeptibOity  of  DiSennt  AnimaU.— Thi*  v«riat  greatly.  With  lubcotticettf 
■dnunutrntioti.  man.  i-ais  and  dogs  rcaulre  aboul  the  same  dow,o.7f  mil.  ^r  Ucfnait 
to  produce  a  fatal  effect;  rabbits  t,n  aliKhlly  more  suscqitiblc.  Guinea  piss  oad  MP 
reqvire  about  rix  llmts,  and  *iiake«eisfatccn  timm.  th5«di»e.  With  the  fros.  iheifasDa 
aiqiear  onth  oac^Uth  the  fatal  doK;  with  the  guinea  ft^  they  onty  act  in  vhen  at  lci*t 
9S  per  cent,  of  the  fatal  dote  haa  been  ^ven.  The  (bUcreoccsi  for  oral  admlabtnliia 
a-e  uwn  icreaicr.  Some  biriU  are  almoat  iiuiisoeptibic  to  oraj  polsooInK,  the  Ealal4*M 
for  chickeiu  by  mouth  bdng  ^o  to  40  mg.  per  kilogram:  mibcutaneously,  3  to  $  KS* 

Ttmpftittutt  nn  CoMtdHom  in  ftwj*.— Smaller  doiu  nuffice  to  produce  lotaaa)  Kita 
the  lemperature  ii  either  below  or  above  the  ordinary  {%$"  to  7S  F,).  In  the  cold,  Ib^ 
tclanu<^  .tppcnn  later,  but  Intu  longer  (Githens,  1913)-  The  rapidity  of  on*e(,  «Jlh 
larj^e  dows  rlsea  irilh  the  tcmpernturc  nccording  to  von't  HoCPa  law  (ScUomoviu  isd 
Chaie,  1916).    Thi»,  however,  muy  dc|)eod  on  absorplfoa, 

Toodcok^  of  Strychnin. — The  symptoms  and  coarse  of  stij'chnia 
pc^soning  have  been  sufficiently  described  under  the  con\'ubant  efiettk 

Toxit  Doit. — In  man.  ;  to  10  mg.  may  exceptionally  produce  connive  tBtcO^ 
more  prunuuncerl  with  10  lo  jo  aig.  These  doae*  may  even  be  fatal.  Tbe  ordiout)' 
fatit  dose,  by  muulh,  wuuld  probably  be  about  lOo  mg.  With  ef&dent  trealaotf 
paticnU  mn^  be  saved  attci  iso^^S'l  and  even  doss  of  a  nam  and  over  are  (aid  to bn* 
been  Iruitea  aucoessfully  (Hewtett^  The  fatal  da«e  ol  Nux  Vomica  Ua  abont  MS 
(o  3  Cm. 

Time  of  A  ppearatue  of  Symptoms  and  of  Death. — ^These  depetvd  tipoii 
Ihe  mode  of  aitininistration,  the  cnndilion  of  the  slomach,  and  oUitf 
factors  influencing  absorption.  With  oral  adminisl  ration,  the  syroptonti 
generally  appear  in  fifteen  to  thirty  minutes;  ihc  convulsions  sometimes 
only  after  an  hour  or  later.  Dcatli  occurs  usually  in  one  lo  throe  houn^ 
but  the  time  may  be  as  short  as  ten  minutes,  or  as  late  as  nine  to  tvKtil]' 
hours,  or  evtn  Liter. 

Difffrmliat  Diagnosis  of  Strychnin  Poisoning. — Strychnin  tetsnd 
may  be  confused  with  traumatic  tetanuti,  spinal  meiiinj[itU,  tfi\eflffl 
or  hysteria.  Traumatic  Monus  is  characterized  by  previous  malaise  U" 
slow  development.  The  convulsions  begin  in  the  jaw.  The  muidr* 
remain  rigid  in  the  intermission.  The  course  is  comparatively  ik** 
Strychnin  tetanus  may  also  begin  in  the  jaw,  but  this  is  not  so  consplcW* 
In  rare  cases  of  stryctiiiin  iiciisoning  the  muscles  also  preserve  their  rieirfity 
during  the  intcr\'al,  so  that  the  diagnosis  Is  sometimes  difficult.  When 
in  doubt,  strychnin  treatment  should  be  used,  as  it  is  l}en«ficial  in  ^ 
similar  conditions.     The  course  of  the  case  will  clear  up  the  diagnosli' 

In  spinal  meningitii  the  diagnosis  may  be  made  by  the  fever  and  histflT- 
Epihpsy  differs  by  Ihe  loss  of  consciousness;  the  reflriccs  are  nonnv> 
In  certain  cases  01  hysteria  the  diagnosis  may  be  impos^ble.    Sucb  < 
dtould  also  be  treated  as  for  stryciuiin. 

Postmortem  Pkenomnia. — Death  by  strychnin  is  charactciized  by  1 
and  often  persistent  rigor.    This,  however,  is  common  to  all  fORiu< 
convul^ons.  and  is  presumably  due  to  the  increased  production  of 
The  anatomical  appearances  arc  those  of  asphyxia  and  violent  conv 
venous  i-ongeslion,  often  h\^lerenlia  of  the  central  nervous  system, 
small  hemorrhages;  in  a  few  cases  hypcremis  of  the  atlmetituy 
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Identiflcatioa  of  Stiychnin. — Str>'chnin  may  be  identified  in  the  sm*- 

Etod  nuiteiiiil,  vomilus,  or  tissues  (after  isolation  und  piirificiilioD) 
its  uste,  con\'ul»aiil  effects  on  frogs,  and  chemical  tests  (violet  and 
rry  color  with  bichromate-sulphuric  acid).  It  is  very  resistant  to  putre- 
faction, and  may  be  demonstrated  in  putrefying  organic  matter  alter  a 
year  or  longer  (e.g.,  Sundrick,  1884). 

Treatment  of  Stiychnin  Poisoning.* — ^This  comprises  the  prompt 
jXdmini&tratioa  of  chcmic  uncidolcs  (pcTmariganate,  iodin,  tannin); evacua- 
ition  bv  emetics  or  stomach-tube  (under  cliloroform) ;  suppression  of  tlie 
[convukions  by  chloroform  and  cblor;d  ur  ether;  and  artificial  respiration. 
'Absolute  quiet  ol  the  patient  is  imperative. 

Ckemic  AiUiieUs. — PotiXtsum  I'trmanitanulc  is  pnibubly  the  most  fffective,  it  it 

It  glv«n  sufficiwit.lj'  fatly,  since  it  destroy*  the  »trychnin.     One  gyaia  (W  tempoonful) 

I  •faouhl  Ik  dissolved  in  u  qunrl  uf  wiirm  wnler,  cxrefuUy  dccuiileiJ.  and  admini'li^red  in 

'tumlilcr  do<«s  st  short  inicrvils.     Iodin  [i;  dcop»  of  tincture  in  Jj  glnw  of  «-,iicc)  or 

taiuiln  (icaspooD  in  H  Rlfi"  "f  hot  waIci)  merely  deky  abw>riition,  hiil  thb  Is  <lt»- 

Lttnctly  useful.    Tea  or  coffee  sliould  be  »vuidctl,  since  the  eaflein  is  synergistic.     Chul- 

looal,  or  better  CBmmcl  or  Fuller'*  earth,  arc  useful  hy  abMtbing  the  str>'chnin  and 

'4day^  its  abaorptlon  (Subbninni,  1914;  Fnntui,  lytj);  but  their  clficlcQcy  U  lituilcd. 

elMCHMfiM). — F.meiiis  by  linc  or  copper  sulphnle  oc  mustard  may  be  tried,  or  »po- 

noipMlt  (althouRh  the  dcpreuioa  tx  Iherngieuticiily  objectionable).     Gailric  lavage 

;  ■bmud  bo  dotie  if  the  jutivnl  i«  thoroughly  undrr  chlorcdorm — otherwise  it  may  «1ftrt 

fm  fatal  convnbion-     Diuresis  and  catharsis  azc  pr»bably  of  little  use.     Halcher,  iQij, 

Lobt^Ded  Ur  nSllltS  Id  animals  with  lulse  qunntilic«  of  hot  water,  or  the  intin^'cnou* 

[tajectSoB  of  1  per  cent.  tod.  sulphate. 

Physiologic  Anlidotes. — Chloroform,  chloral,  piiraldehyd,  ether,  etc., 
.  suppress  the  strj'cbnin  convulsions.  By  preventing  their  painful  and 
lexbattstive  efifecis,  ihey  conserve  the  energy  of  the  patient  so  that  he  may 
I  more  successfully  resist  the  strychnin  depression.  They  also  lessen  the 
'danger  of  tetanic  asphyxia,  and  are  therefore  the  most  useful  antidotes. 

Chloral  b  f[ivca  la  doses  of  a  Cm.  (^  dram),  with  the  addition  of  unothet  K">ni 
(15  gcaini]  after  half  on  hour  or  longer,  as  necessary.  Ther«  U  always  the  dansct  in 
I'CinBg  ifab.  that  ft«  paralytic  effects  may  coincide  with  those  of  the  tttychoin,  and  thu* 
rfaotaM  the  danger.  For  this  reason  chloroform  or  rlher  is  [jreforrcd,  dncc  their  action 
lean  be  better  coottolled.  F-thcr  has  the  advonto;^  that  it  is  not  liable  to  the  danaera 
l«f  late  chkiraforTn  poitoninK.  Githens  anil  ^Icltier,  igii,  ad^dfto  the  Inlralrai^eal 
I'Jittufialion  of  air  and  ether,  combined  with  iiitruvtnuus  injection  of  Ringers'  solution. 
Vnirtflfi  and  Zbysxcwiki,  191J,  found  ditTcrenccs  in  the  antispasmodic  action  of  the 
I  vallaiu  naicoticsi  amylcn  hydrate  being  esficciallv  cSccllvc,  veronal  vcrv  Utile,  nnd 
I  Chloral  betwveo. 

Uorfkim  is  theoretically  obicctionablc,  since  its  action  on  the  spinal  ci>rd  is  sjner- 
LstMic  to  sitychnin.  It  hat  been  employed,  however.  ;inil  its  analRCtic  action  al  IcMt 
'  WDOld  be  useful;  but  chlurai  and  chloroform  should  be  preferred.  Other  depressants 
'  wfaicb  hare  been  used,  but  are  of  doubtful  elficiency,  are  bromid,  nicotin,  and  pilo- 
Icwpin. 

Epimphria  counteracts  the  cardiac  dcpres»ion,  on  local  application  (Januschke. 
■Qio);  but  lystenucally,  it  increautes  the  convulsive  effects,  so  that  there  is  no  thera- 
peutic onugonism. 

ArtiJUial  Res6iraii«n. — This  prevents  or  suppresses  the  convulsions, 
and  may  save  life  if  it  is  carefully  maintained  until  the  patient  is  out  of 
danger.  The  effect  is  probably  due  mainly  to  the  removal  of  the  syner- 
gistic effects  of  asph>-x]a. 

Tbeiv  are,  however,  some  conflicting;  theories  and  data:  Osttrwald.  igoo.  claimed 
that  ttr>-clinin  ipumx  arc  diminished  by  except  of  oxygen  in  the  air,  and  eke  sftsa. 

*  TIm  Modanc  ihoald  revirw  thtf  irecitfni]  *'Tr«atixwnt  of  PoivinJnB"  snd  tba  "Eivreuca  oa 
rOwlLiI  mtA  Phrtiolocical  Antidoto." 
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UAXUAJ,  OF  PUABUACOIOGY 


TUf  night  )V8SB>t  that  the  te«ult  it  due  to  destruction  of  the  stiycfania  br  atjft^: 
but  there  b  00  otha  evidence  (or  thb  view,  Mclltor  &nd  Gin,  tgoj,  [ound  thit  ific 
'■Dere  tylhmic  movemeftts  o(  the  cheat  were  obo  impMlaiti,  for  thcK  pnlonged  Jif* 
even  wneo  the  animnU  were  in  an  alnimphcre  of  pu.i«  h)-droKen.  'rhey  raneit  Am-* 
this b  due  ton  tvRtx  inhibilory  effect  on  the  convuMve center*.  It  b  «l*tt  conwiviH^ 
that  it  cnlftht  be  due  to  removnl  of  curbon  dioxid.  pBndoxicfllly,  howcvcf,  9.yaa  u>a 
Guthrie,  iQoS,  find  tliat  the  lohalstioii  ol  cvbon  <IBoidil  also  urc^ts  stiyvhiiia  coonX- 
sions,  in  frogt  and  roftmroni*.  ^~ 

It  is  claimed  as  a  result  of  animal  experiments  thai  the  applicatio 
of  citternBl  heat  aho  derrra«cs  the  i^trychnin  mortality. 


PKRrARATIONS — STKYCHKIN 

Slryckmina,  U.S.P.,  B.P.;  CiiHbN/)i.— An  alkaloid  obulDed  ftom  aus  vomloi 
«ther  plants  of  the  Loicaniiiccn.    Colorless,  tniiaperent  cry«aU  or  white,  cmtil&Bi 
powder.    Very  ilaBhlly  sol.  in  water  (i :  ^10);  idightlyaol.  la  tle.(i :  ij6).    Mn,t'S 
mg..  Ho  Kt .  U.S.P.;  I  to  4  nig,.  H*  ">  Hi  &■.  B.P. 

*5lrycAninff  A'i/f'di(Slrych.Ni(.}.  U.S.P.;CtiiIi:NiO|.HNO>.— Sel.iiiwatet(i:fU; 
■lightly  fol.  in  a\c.  (i :  150).  All  strychnin  sdts  occur  as  colorlcM  cryitab  or  wK 
ptnrder;  intensely  bitter,  even  in  dilute  .lolutioni.  lliey  are  i»oampatibU  with  >llu^ 
lotSds  and  bronnds  (slow  prcripiijtion),  tnnixin.  ancflatcs  and  ancnitcs.  Dxe  (efw 
Strychnin  Sult«).  1.5  mg.,  }<<,  gr.,  U.S.P. ;  ■  104  mg.,  H<  to  Ks  Kr-B.P.  Mlidi 
doa^  0.01  r.m..  H  er. 

Strytk.  Sulph-.  U.S.P.(Ci.KoNiO,)„n^O,  +  Hrf).^Sol.  In  water  (l  :  J»)  owl 
■Ic.  («;8i)-    f ow,  etc.,  sec  "Stryeb,  Nil." 

*Sbyck.  llydrocU..  B.P.;  Ci,H„NK)..HCI  +  jH,0.— Sol.  in  waicr  {i :  60).  Dm. 
etc-MC  "Strycli.  Nit." 

tt^al.  SirvcH.  Ilyp.,  B. P.— 0.7s  per  ccni.    Aiir,  0.3  loo.6c.c.,  5  to  10  minlM(,B.P 

Im.  Slrych.  Ilydrmhl.,  B.P. — I  per  cent.     Dost.  0.13  tao.5c.c.,  3  to  8  muuna,  B.P, 

Elii.  Frrri.  Qh1«.  ft  Slryr-bn.  PkotpK,  N.P.— The  d<M«  U  C*-.  «  df»«>)  O0Ot»l« 
(about):  Stiychnin.i^  tag.,  Hogr.iQuinln.  45  tog.,  %  gr.:  Ferric  Pboepbatt,  gomt- 

iH  ttr- 

Syr.  Prtr.  Photph.  c.Qulm,  d  S^ryck.,  B.P.  (Euton's  Synip).— Ferrous  I*hospbiu> 
■■7%  P"  cent.:  Quin.  SuJpli.,  1.5  per  cent.;  Stiych.,a.s7  petccnL  Dirsr,  3  (04  cx,n 
to  I  drnni,  B.P, 

Nut  VomUa.  C.S.P..  B.P.  (Strychni  semen.  P.I.).— The  dried,  ripe  MKbof  Stiydaoi 
Nut  Vomica.  Katt  Indin;  yietdin);  not  leu  than  i.j  per  cenL  of  total  aDcoloids,  VS^-i 
not  leM  than  1.15  per  cent,  of  «tr>-cbnin.  B.P.  Dost,  a.06  Gm.,  t  gt^  U.S.P..  OCii  ** 
o.»s  Gm.,  I  to  4  gr.,  B.P.    Mailmum  dose.  0.15  Cm.,  4  gt. 

The  ronttilueota  are  slrydinin.  brudn.  lannin,  fat,  etc. 

The  drug  wiis  unknown  to  the  finrieiits,  nnd  iro!  piobnbly  Introduced  by  the  Anh^ 
Tlie  fint  good  description  occun  in  is4o.     Slrychnio  was  (UKOvered  in   181S. 

The  bark  contain*  the  Mine  prinapti^  in  Ices  amount,  but  relatively  men  brad*- 
It  H-a>>  (urmcily  found  In  conuncicc  under  the  name  of  "f«Uc  angMiun."    Sevoij 
arroa-  poisons  are  oIhi  derived  from  the  genus, Str>'cbnwi.  especially  the  Upas 
from  Jav.i.     Some  of  the  stiychnos  Spedec  do  not  contnin  any  active  ntincjple. 

tlux  vomica  contains  a  small  quantity  of  a  third  alkaloid.  Igaauru,  which  b* 
been  very  greatly  itudied,  but  which  Kenu  rimilar  to  strychiun. 

Rxl.  Nitc.   Vom.  Liq.,  B.P.— 1.5  per  cent,  of  lUychnin.     Dott,  0.06  to  0.1* 
I  to  3  miniins,  B.P. 

'  ExIrMtiim  Hueis  Vomita  {n»t.  Nuc  Vom.).  tJ.S.P.;  Exi.  Sit.  V«m.  Sitt.,  BJ. 
A  powdered  extract;  t  Cm.  representing  about  4  Gm.  of  drug,  10  per  cent,  of  lO 
alktdoids.  5  per  cent,  of  strychmn.  Dosr,  15  mg.,  i^gf.,  U.S.P.;  16  to  60  mg..  H" 
gr.,  8.P„  as  pUU.    Maoimum  dose.  60  mg..  1  gr. 

•  Ttmlara  Xutji  Vomira  (Tr.  Nuc.  Vom.),  U.S.P,,  B.P.;  Tincture  ol  Nu  Vouw*- 
to  per  cent,  of  drug,  on  per  cent,  ol  alkaloids,  o.i3S  percent.  »lt>-chniD,  in  abealTf 
per  rent,  alcohol.  Miscfhle  with  n-ater  and  ale.  lacompatibititie*  aa  for  Stryck.  Nu- 
Dote,  O.J  cc.  H  minims,  U.S.P.;  0.3  to  I  CA,  5  to  13  nuiiiiiu,  B.P.  MaaJmw 
I-S  cc,  40  minims. 
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PICROTOXm  GROUP 

Geaeral  Statement. — ^Th«  pharmacologic  group  o(  whidi  picrotoria 
b  the  main  reprcsenlalive  prod uccaa  conspicuous  stimulation  of  the  medul- 
lary centers,  with  characteristic  convulsions.  sl<)weil  pulse,  etc.  There 
is  also  some  stimulation  of  the  spinal  cord.  These  effects  arc  followed  by 
paralysis.  Tlie  actions  are  not  utilized  therapeutically,  but  areof  soine 
toxicologic  as  well  as  scientific  interest,  since  the  members  of  the  group 
have  often  caused  poisoning. 

Tb«  Principal  Members  of  the  Group.^These  comprise  ^(rnlnxia  from  Cuccuius 
sadiciu  tlbc  wwd  of  Annmirla)  pnmruUu  ("  Fish-bcrrie*;"  used  (or  poisoning  fish,  the 
flnli  of  which  bfconnc*  tonic;  »ls<>  fi.>r  adiillerntinii  b<M;r;  snd  in  "knorlcout  drops." 
Ttie  exieiii:!!  use  ai;uinst  pHlicuH  has  Kiven  rise  to  toxic  eOects);  CicuSoxin  (lom  the 
ifaixome  Cif Mta  virciia  "Water  Ilrnilock,"  nn  urn helifcrous  plant  eaten  by  mLitnke  for 

StAey,  etc  (the  AiTierlcnn  species.  CIcutu  maculala  unrf  bulbifera,  are  alto  toric). 
cutoain  U  a  complex  pyione  derivulivr.  octurrinK  as  jin  unstable  reainoiu  substanev 
{C.  A.  jBCobMa,  i^ij).  Some  of  thr  dttorafiosi'lion  products  of  dipldis  (digitnlireiin, 
tmliwlB)  are  ako  oounltd  In  tliis  Kro"!'' 

Lea  important  memlxr*  arc:  CoriaiHvrtin  (from  Coriariu  myrlitolia);  and  Tiili/i 
(ftom  CoriBrbt  upcdot  of  New  Zealand)  (C.  R.  Marshall,  tgto).  W.  W.  Ford,  igio, 
f  oood  that  tulln  coinbints  with  nervous  slruciuru,  thereby  loabx  'l^  toxicity;  but  no 
C<ileance  is  acquired. 

Qwsijc  nature. — Most  of  the  substances  are  non-alkoloidal,  non-nitrogcnoui 
**nnitnl  principles,"  morr  soluble  in  alcohol  than  In  water.  Some  are  jtlucoMds. 
/''trtlM^it  itielf  consist  of  3  miilure  (or  ptrhap*  a  feeble  combinjitioa;  Sieliath,  1911) 
ofocaHy  C(]ual  parts  of  picrotniinin  nnd  piciotin  (Ccrvcllo,  1911;  stnicturni  formula, 
J^agelico.  1911).  These  arc  closely  alhed  cliemically  and  have  idcnticut  iictiun^.  but 
gK^Mtoxinin  acts  far  stronger.  Cerinmyrtin  secmi  to  vary.  That  fint  isolaled  by 
K'6a4i  was  very  soluble,  while  Merck's  is  almost  insoluble,  but  probably  more  active 
(IrAnball,  1911). 

.  X*icrohMda  CoovuUona.— The  characlrrlstic  efTccte  on  the  IroB,  and  the  loenliia- 
'mr  oI  lt)C  ooBvutiions  in  the  medulla,  are  deaeribnl  in  the  ''Laboratory  I^xercines." 
^  CKkammok,  also,  the  convuUionn  urc  not  modified  by  destruction  of  the  hemi.^heret 
'"•"^acowald,  ioo9;MoriLi,  1915) or  section  hcliiwlheoiiticlhalaiiu  (Pollock and  Itolme*, 
'V^S).  Spinal  Tetanus  may  often  be  observed  in  froKs  after  the  medulla  is  destroyed, 
™  ^pinaTstimiJatJon  having  previouilv  been  masked  by  the  more  inteniie  itimulnlion 
•  tl>«  biglicr  centers  (LuchsinRcr,  i8j8).  The  con^'ulsions  arc  not  so  much  dependent 
*P'*'%  rcAes  stimulation  so  that  they  are  probably  in  part  due  to  u  direct  stimulatiua. 
A(cofxling  to  Baglioni.  1900,  the  nction  is  located  in  the  sensory  eelU. 

^^nnMaa  of  ncrotom  Poisoning  hi  Mammals. — The  effcci!  of  convultlvc  but 
MiPfc—gattl  doeea  were  dwcribrd  by  J.  Crithton  Bruu-n.  187^,  as:  Sulivulion  and  vomit init 
f**^*™!;  Egsleiton  and  Hatcher,  iqij);  then  ouicl  and  -ipalhelic;  then  rcitleis  and 
•P(*«"chcn«vc;  then  trembling  of  legs;  lie*  on  Siiiic,  with  cflyils  10  stand;  progicivivdy 
(trc»H|.rr  twitching  of  fate  and  neck  muscles;  head  drawn  back.  Then,  suddenly, 
('"^tTiliMd  clonic  convulsions;  clonic  champing  of  jaw»:  cloiing  of  eyelids;  marked 
(io4-liJQg  -ii  niotilh;  involuntary'  urination;  pu|ills  dilated  durion  the  ronviilsions.  The 
cWnic  (pums  change  imperceptibly  to  runiiin);  movements,  become  slower,  and  finally 
«»*c.  The  animal  remains  quietly  on  its  lide.  and  then,  alter  some  effort*,  regains  the 
eiect  (iMiiiiMi.     After  a  lime,  varying  with  the  dose,  the  coiivulsions  may  recur. 

Ktiphttioit. — This  is  stimulated  before  the  convulsions;  betomes  irrcKulur  during 
tl*  inilnl  twitching  and  arrested  during  the  clonic  spasnis  (Polliick  and  Holmes,  lois). 
Th^se  authors  point  out  the  similarity  of  the  re«[iir«ti.iry,  nmvulsivc  and  circulatory 
diaxign  with  tbos«  of  epileptic  attacks  (I'otlaJc  and  Treadway,  iqij).  The  ihteshold 
rf  ^H«  rc*ptraIor>-  center  to  COj  is  lowered  by  Cfriarayrlin  iWielond,  1015). 

Spuns  of  the  1ar>'n)ieal  muscles  lead,  with  the  tron,  to  distention  of^thp  body  with 

■it  tad  to  a  charuclerislic  cr>'  similar  to  that  sonvtimes  heard  with  strychnin.     With 

ii|HiHreiin.  torirewn.  and  oleandrcsin,  the  convulsions  arc  preceded  by  immobility. 

CetuUfwR.— Id  llic  early  ftuKcs,  the  blood  pre»ure  may  rise  from  ■itiinulalion  of 

^  VMdniotor  center,     .'\buut  three  to  ei;jht  second*  l>cfore  the  convulsions,  the  blood 

piCSvt  f aDi,  rcBlainiiift  li:>w  until  asphyxia  srls  in  (I'ollock  and  Holmes,  1015). 

''«(«  CatlfT. — The  heart  is  greatly  slowed,  and  may  even  cease  for  a  time.     After 
^^Dcf  the  vagi,  the  heart  will  return  almost  to  normal.     There  is,  huwcvci,  some 
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dqimaion  ol  iho  cardiac  mtudc  involved  in  ihis  slawtnK.    Latw  tliwt  miiy  be«i_ 
cning,  partly  due  ■>>  «iimu1alIon  of  the  ac-rclcratoT  center  nnd  jiuUy  to  partJjDitalilf 
vagu*  center  snd  to  (aligue  of  it*  endiogs. 

The  iKunilimi,  urinary,  and  tweatint  etnUn  ue  abo  excit«d.  The  iwtat  tu]. 
bowevcr,  be  »uppre«wd  by  vaMmotor  constriction. 

AattmomU  CVnlnri.— Gtucnirnld,  1909,  pointed  out  that  ^Ctotoxln  p«o4uca  Cbt 
symptomt  of  panui/mpaihrtic  siimuUtion;  ContrnctioD  of  P<ip>'^  Mlivatlon,  vonliioi 
slowed  pulite,  conttacUon  of  urinur>-  bladder,  erection,  etc  Tliov  rffocti  arc  cctilnL 
(or  they  do  not  occur  after  soctioii  of  the  neives.  They  are  not  liindertd  ^5 
decerebtntlon. 

Uttrint  Spasms. — Thcw  hav«  be«n  obierved,  and  depend  probably  on  itiamlitita 
of  the  spinni  cord,  nnce  they  ceaie  upon  destruction  of  tai*  oritan. 

/■dfii/jFn'j.— With  largicr  do»cf,  all  the  (liniiiliint  cRectA  give  vi-»y  to  ponlyiii. 

Urmolylic  Adion. — Kcroloxja,  cicutuxiQ,  and  |>hytolacca  d<«aiidn  are  uud  liKt 
tlmilatly  la  saponin. 

Eitretion.— Thi*  occurs  by  the  urine;  picrotin  it  partly  unchanged;  the  picn>*e8Ma 
it  deoirniM^i'd  (Chittoni,  lou). 

Toiic  Dose.— According  to  Ijcoria,  a.ot  to  0.14  Gm.  ot  coccsIub  b  togdc,  >-4  <•■> 
fatal.     Of  picrotnxin.  io  mn-  «re  tonic,     'rhc  fatal  doM  i«  not  known. 

Hm  SymptomB  of  Poisoning  in  Man.— TIicm;  consist  la  burning  Kuatian,  niowB* 
Miivation,  cold  nweac,  pallor,  cnlic.  vomiting,  diarrhea;  pube  slowed  o(  quldafdi 
palpiutioo;  thallow  respiration.  These  arc  rapidly  followed  by  ooofusioa.  5hi|WU>» 
uuconsciauMitM.  After  one-half  to  three  hour*,  tremUinjc.  clonic  and  tonic  conmiUn*- 
Tboe  generally  past  into  pnralytit  and  death  by  asphyxia,  after  several  bout*. 

Tk«  pMlm«Tlitn  findiTifi  arc  those  of  asphyxia.  The  poison  dltappcan  ajMy 
durioK  putrefaction  (within  one  or  two  weeks);  »o  tbtl  the  Ieri«t»jf«  aiiafyril "«t^ 
mode  promptly.  Thccli.irftctcriitic  cfl'cct  of  the  isolated  poison  on  the  frog  cwilllM^ 
thcbcttUst.  The  ialCDicly  bitter  tame  (diaeemlblcin  dilnliont of  1:80,000)  taiy»»«»* 
SuspEcioiL  ^^ 

TrtaimenL—Tiie  chemic  alkaloidal  procipilanti  would  not  be  efBdenL  TIm  >*** 
trealmrnt  would  be  ernetica  (if  vomilini;  lias  nut  ofcurixd),  pcrmongantle,  lUfw* 
chlurelorm,  and  external  heat.  The  combined  admiiiiitratiun  of  chioral,  a)i<t^'*| 
nnd  minimal  dote*  of  ntropin  hat  recently  been  recommended  as  the  resist  of  (>b*l 
experiments, 

Tliervpeutie  Uses. — The  medullary  stimulation  produced  by  the  group  'ni^'J^i 
expecled  to  have  muny  tlter»|>eutk  usct;  in  fact,  however,  ihcy  have  not  teen  !••" 
available,  perhaps  beciuw  the  cITective  dosei  are  too  near  tu  the  tone,  PicrolMi^ 
(0.5  to  1  ros.)  box  beca  utcd  In  the  Sight  sweati  of  phthiri*.  and  in  epilemy.  b«l  '<'^ 
very  doutitlul  results,  fowdertd  coccutut  has  been  uwd  agaln&t  pejkali,  l«<  ■* 
danneroui. 

SeluHlUy. — Picrotoxin  is  soluble  in  about  8  parts  of  alcohol,  or  S40  p«rts  ot  'f^'  , 

CAFFEm,  THEOBROMIN,  AND  OTHER  METHYL-XANTBDIS 

Members.— ThU  gn>up  comprises  the  various  methyl  derivalives  oj 
xamhin  (ilioxj-purin),  These  occur  in  several  plants;  as  producU  0' 
metabolism  in  animals;  and  may  also  be  obtained  sj-ntbcticall)'.  t^ 
mo»l  important  are  cajfcin  (lirinielhylxanthln),  tbe  principal  alkaloid* 
coffee,  tea,  kola,  guarana,  mat£,  etc.;  theobromin  (3.7  dimcthylxantUo) 
from  cacao;  and  theophyllin  (i.j  dimethylxanthin),  which  is  ustially  pi^ 
pared  synthetically.  Xunchin  itself,  and  all  its  other  methyl  dcrivatit'O. 
produce  the  principal  actions  of  the  gioup^ 

nature  of  Ctffein. — Coftdn  is  c*paUe  of  forming  salts,  and  b,  therefore,  an  skjr 
loid;  but  it  tv  w  feeble  a  baM  iIulI  it  docs  not  turn  litmus,  and  the  talta  are  iniaocbW; 
by  water.  Iti  solubility  b  alto  peculiar.  It  W11.1  isolated  from  coflce  in  iSio  by  Itui0h 
Pdlctier  and  Cavcotou,  and  Robictucl.  Its  idcmiiy  with  tbe  ollialaM  o(  tea  (m«^ 
limes  caHcd  Thelit)  wu  ntrmbed  by  Ueraelius.and  confirtned  by  JobM  and  MuMcik 
1838.    Commeicial  cofldn  i*  now  produced  almost  exclatively  from  tea. 

Ocourenee.— Catftin  occurs  in  plants  of  at  least  sU  fanallka,  which  are  acattcnl 
over  many  portions  uf  the  globe.  It  i*  rather  remarkable  that  these  plant*  have  Dealer 
all  been  ai»covenid  and  consumed  by  the  natives  as  stiniulanlt.    Tbcte  plants  «(tn 
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b  volatpe  proctuclit  at  tannin,  which  ilij^fatly  rondify  thrir  cITkis.    TbMbrofnla 
I  glUB  UMcUlM  wjih  ihc  caficin;  in  cac«».  ihc  thcobromia  prodoEiiinaie). 

The  dmnjcal  ilnaciuro  und  ilfrivatiaa  of  th«  purin  denvalive*  have  been  duo* 
iUti  by  Emll  Fucbn.    The  most  important. arc  nt  (dloni: 
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Cafftle 

PHadpal  Actions.— t.  Increase  of  the  reflex  irritability  of  the  central 
Kivoiu  system  (rum  above  downward;  leading  to  stimulation  of  the  p»y- 
oicueu  (inBomniii,  etc.");  of  the  medullary  centers  (respiratory,  vax>- 
MKrandvagus);  and  with  large  doses  to  heightened  reflexes  u.nd  tetanic 
onvuUoiis.     With  toxic  doses,  the  stimulation  is  accompanied   by 

I.  IiKrcased  ease  of  muscular  contraction,  progrcs«ng  to  loss  of  elas- 
itilr  and  to  rigor;  this  affects  all  forma  of  mu;icle  to  a  varying  degree. 
Tht  heart  rate  i^  thereby  quickened. 

J.  Vasodilation  by  a  dirc<:t  action  on  the  vessels  with  modemtc  doses; 
('tis  combines  with  the  cardiac  stimulation  to  quicken  the  ciiculatiotL 

4.  Diureris  result;,  through  the  interaction  of  several  factors. 

Ctffcin  is  used  a;  a  psychic,  muscular  and  respiratory  stimulant:  and 
Kicardtac  tunic  and  diuretic.  Thcobromin  and  iheophyllin  arc  probably 
■weeffet  tive  when  the  peripheral  actions  arc  dcsirerl, 

Pqrdiic  Functions. — In  man,  moderate  doses  of  caffcin  (to  0.3  Gm.) 
poduce  a  <|uicker  and  clearer  How  of  thought ;  disappearance  of  drowsiness 
idtuigue;  more  sustained  intellectual  effort;  more  efficient  appreciation 
tittasory  impressions,  and  more  perfect  aaaoclation  of  ideas  (Kraepelin, 
l>Ti;  Dietl  and  Vintschgau,  1878;  Ach,  1900;  Hollingsworth,  lo"). 
T^  central  actions  of  theobromin  are  relatively  much  weaker  than  those 
•'offein  (Filefane,  1SS6).  Thcophyllin  is  inlcrmediutc  (Dreser,  Pouchet, 
nants). 

Wilt  Ufpr  Jaui,  thetc  rOtcti  pw*  iDto  nrakcfulneaa,  exdtccneDt,  and  ibe  oiber 
■pltuaat  nactkia*  datcribed  under  the  (oiicology. 

IW  Inwer  nuaunals  react  b}-  lotlciuieK  uuT  excilcRM'nt.  The  cat  )(  Mid  often 
D  beeoiM  (r&nlic.     fngi  ck>  oat  exhibit  on/  lymptonu  refemblo  to  the  brain. 

Uit  <u  AiUidoU  in  Narcotic  PoittrntHg. — Caffein  is  often  used  as  an 
Atidoic  against  acute  poisoning  by  morphin  (Bennett,  1874);  alcohol 
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(BiiU!,  1878);  paraldchyd  (Schrocdcr,  18S7);  chloral  (Airila.  1913, 
mann).  The  psychical  actions  are  directly  antaRonistic.  the 
and  muKiiUr  coordination  being  immi-diatcly  im]>rovt:d.  although  (be 
effect  is  not  Ustiiig.  The  respiration  and  circulation  may  also  be  sonw- 
what  stimulated,  but  the  effects  easily  become  additive,  so  that  with  Uul 
alcohol  poisoninK,  caffcin  is  actually  deleterious.  With  morphia,  the  1 
ditions  are  probably  more  favorable. 

A*  a  Kimulnni  antidolc,  the  caSrin  n  utuolly  adminUtcrtxl  as  a  vcr^  tinat,  I 
black  CoSec,  lu  khik  tlie  s^ncrKlhlk  frdmulant  action  of  ihe  h«al  anil  oiU.    " 
bailed  tea.  ihToush  its  tiinnin.  wuuld  be  a  chemiciU  uatidotc  in  pnlaonlng  by 
metnli.     Coffee  nn»  not  this  ptrcipitnnt  cRcrt. 

Mutiut  Antatanitn  of  .VfohiJ  and  (To/Tn'n.— This  bas  been  (ttidied  opedaO^  If 
I^lcher,  1911.  He  found  that  with  (JieinM//^Jdies,each  droit  Icnda  to  MtqniliUli^ 
RX  if  proent  nlnnc.  In  aUohoI  xlccp,  imall  dote*  of  caHrin  cauM  avakemnit.  Nttn* 
the  reflexes  and  diminish  the  fall  o(  Itmpcmture.  Wlih /•>'£"  <&mm,  there  ii«q««Bi»- 
live  change  ia  Ihe  direction  of  greater  deprewion.  Lii:ht  alcohol  coma  b  biemiM 
by  mndcrntc  or  large  do!cs  of  coSdn;  the  rcflew*  are  further  dcpiei^-ed.  Wiib  ""f 
AuM,  the  fataUty  is  greatly  incttaaed  II  both  dnjgtUVpracDtiiiuuiity  by  theJtdcltua- 
OIU  action  on  the  heurt. 

Medullary  Centers. — These  are  moderately  stimulated  by 
similarly  10  stiychnin.  TJiere  are,  however,  some  important  diffcrcoo 
With  uilTdn  the  slimulalioa  is  on  the  whole  weaker  for  toxic  doses,  but 
rather  stronger  and  much  more  prolonged  witli  therapeutic  doses;  and 
there  is  Ultle  or  no  subsequent  depression,  even  willt  toxic  doses.  Tb< 
most  conspicuous  effect  is  on  the  respiration.  The  stimulation  of  the 
vasomotor  and  vagus  centers  ia  interfered  with  by  other  factors,  ai  ^ 
scribed  under  "Circulation." 

Rfspiration. — In  man,  the  respiration  is  only  moderately  inct«i<d 
(Ed-kall  and  Means.  1914),  or  scarcely  affected  by  oral  therapeutic  d««* 
(Ncwburgh,  1914;  Taylor,  1914);  unless  cardiac  dyspnea  is  improved  by 
the  circulatory  effect.  With  hypodermic  injeclion  of  0.15  to  o-ij  Co;t 
there  is  definite  evidence  of  respiratory  stimulation.  The  COi  tension  i» 
markedly  lowered,  inducing  a  lowered  threshold  of  the  respiratory  ccnttf- 
The  rate  and  depth  of  the  respiration, and  the  minute- volume  are  inaeuei 
There  is  also  increased  gas  metabolism,  and  sometimes  bronchial  dilstics 
(Higgins  and  Means,  1915). 

Aneslheti:ce<l  animals  respond  by  increased  rate  (fiinz,  1878;  and  gen- 
entUy  also  increased  depth  of  the  respiration  (Heinz,  1890;  Impcns,  i8^l- 
The  latter  is  probably  due  to  partial  awakening  from  the  anesthesia;  lor 
with  decerebrated  animals,  the  increase  is  confined  to  ihc  rale,  the  deplK 
being  unchanged  or  more  shallow  (Cu^huy,  1913)*  Inhibitory'  leilexcitt' 
less  effective.  ~ 

Vit  in  Ailkmt.—Cotttt  somtimes  pvea  relief  in  ai^thtnadc  ntttick«.    TTie  1 
probably  partly  Mychic,  partly  briMichial;  for  in  icuinca  p<ie>.  It  relaus  the 
■paun  iModuced  by  peplaac  or  mus.ciiiii  (PjI,  191;).     Bronchiil  dilatioo  b  alao! 
tuMs  obterved  in  mni  (Ili)7.einft  nnd  Mcjim,  1915).    F.  Meyer,  iqi;,  coadwksl 
caffcin  acts  mainly  by  atluiuluting  tlit  mpirutiiiy  center  to  {rcBter  effort.     Be  1 
aiders  Et  lesi  efficient  than  alropin,  eninephrin  or  nJcolin. 

S^ioal  Cord.  Otdinury  do»w  o(  cAltcin  lirighicn  the  tctlexe*  (Wood,  1911:  • 
wen.  1913),  Toxic  dotes  produce  cunvubioru  of  npdoalor^in  (Ding,  1901),  whkai 
Id  ail  <9*eotiaJ  retpectt  With  thow  of  ttrychnin;  except  that  the  Iclnnus  is  Bdtl 
moleni  not  ai  protoDicnl.  The  cxhauiliun  Ld  the  lolcrvali  b  oIm  1cm  pronounced. 
teUous  may  produce  death  by  fixation  of  the  mpiratory  muMrles.  The  eonw 
dace  in  relatively  Urjie,  nnd  it  is  therefore  doubtful  whether  it  hoa  ever  been  < 
in  mail.    Onlinaty  toxic  doMa  produce  only  Ircmot.    In  (npt,  (be  tetanus  u  Bat| 
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^  butcned  by  removal  oC  ttie  cnebrum  (cliServnce  From  marpbm;  Githent, 

M  f«rtlytk  Mtiom  o(  luge  <kiK»  cao  be  thown  in  ftogs  by  prouctinjc  ilic  muacla 
)  ilfaf;  i,e.,  by  HgnUag  •  kg  «xclu«ive  of  Uie  nerve.    Cofldn  will  then  datroy  iu 


Skeletal  Muscle. — Ordinary  doi«s  of  caSein  increase  the  functional 
iMty  of  skclcUl  muBClc  so  that  it  contracts  more  readily  and  more 
npletdy  and  powerfully,  and  is  lesi  ifaxily  fatigued  (Wood,  191a). 
lit  improvement  can  be  utmonsl rated  by  the  crgograpb,  as  well  as  in  the 
deed  or  curarizcd  frogs'  muscle  (Fig.  7).  It  i&,  therefore,  at  least  in 
[fe  part,  peripheral.  Larger  doses  depress  the  muscle,  and  eventually 
>iue  It  to  go  into  rigor,  even  in  the  Uviag  animal. 

Til  SlimtiliiMl  PImu. — A  saiallor  Uimului  Mi3ii:t«  to  produce  coniraciion  (Paschliis 
id  tii,  t886).  Tbe  latent  period  U  ihoiteocd.  The  height  and  rapidity  ol  the  coa- 
wkn  itt  freatcr,  nod  >  lireci  vcight  can  be  lifted  (Kobcii,  i»Hi).  Fallicue  is  lc»- 
at,  wl  a  sreatcf  amoiuit  of  work  cut  be  pcrfurmed  (Dresei,  iSoo),  so  loos  m  tlw 
idiaJtlhouUtiiiii  Mcontimid:  but  wilb  cxceuive  IomJ  or  stimulation,  caflcin  dimin- 
Wlke  total  work  (CKJowiajky.  lois)'  The  otiier  mclbyl>uiiUiiaft  ailcct  muscle 
fUlivdy  like  wUciii  (Oolowiiuky). 


f—Hftrl  tf  M/ia  «•  HMPAfliM'Sj  miuilr  of  /r«(. 


Dormal  irMin^ 


r<r>  of  M/na  «•  HMPAfliM'Sj  miuilr  tj  /r«(, DOrmai  irMin 

tlur  At*  BlnuM  In  i  .  la.ooo  oSaia  ■alucloa;    .   .   .  ia  1 :  lAoo  •ulutlon. 

^  Otfrutamt  Pluu.—Ki  the  doaa  or  conoeiUraclon  Is  IncftaMd,  these  cflcct»  art 
■^md.  The  c«aUactMO  becomn  lew  poimriul,  and  the  curve  memblM  iliat  of  a 
WtdatMCle;  i.e.,  it  is  lower  and  more  dravm  out.  This  1cnj(lhr;nina  shows  6.nl  in 
■nilaMkio  (Bucbbelai  and  KiMnrnvntccr;  Clolowliuky),  cvcntiully  alto  in  the  con> 
'"^  TbeDUatid^istosKncd.    The  muscle  b  exhausted  more  rapidly  by  tetaiwa. 

ndu  imucular  effects  are  produced  by  xanthin  (PoKhkia)  and  creatin  (Dreaer). 

tantUtu*  I*  ^itffciw.— The  lucccauve  increase  and  diminution  of  the  muscular 
"Wlwa  by  calldn  lesraifalcs  the  suocesalra  phetiomcixa  of  work  and  fatlitt":  and  sw- 
Mttitapart  of  these  maybe  due  to  tbe  accumuIatiiMi  of  tbe  xanlhin  products  whidi 
kfcned  u  taetabulikm;  but  other  products  which  accumulate  during  •rork  aUo  in* 
taellt  miucle  smilaiiy  tu  faiixuc  (Lee.  1906). 

f*/»nt  Rift*. — This  »»•  observed  by  Voit,  1306,  and  then  inveiti^ttd  by  Johunn- 
hudbyScnraledcbeTi,  >S;j.  Its  occurrenrc  in  the  IMq^  body  can  be  deinonsltatcd 
'kl^wMfrnk  injection  in  oertoia  species  of  (roi;  (the  rutopcan  Rana  temporatia, 
d  the  onfiaary  American  laboratory  ftos.  K.  pipieru)-,  while  another  European  froi 
I  oadenia)  is  less  iusou>tJblc  to  the  rigor,  and  therefore  i^uccumbs  to  sm&al  convul- 
■k  liibotiicaaM,tbeln)cbeoamMrkldlycitcndcd:but  theri8or(»^tiiigni>hed 
la  Masut)  penriats  after  diviUan  of  the  sciatic  ncr%-e  (Johaoiuea)  and  occurs  alter 
Wlk  Ute  heart  may  continue  to  beat  slrunRl>'  (or  home  time.  Uamnuls  also  shoor 
WldlbBB  alter  lance  do<«rt  of  caffein.  but  ;u'tuallv  riRor  results  Oldy  if  the  alkaloid 
IM«d^rectlyiniu  an  artery.  TbcciMeulant  action  is  msmmcU  by  Other  xanthins, 
■  straogptt  uith  x^ntliin  itwlf,  and  nctgrcssivcly  weaJui  with  tbeobromin,  theo- 
■d  and  eaiEda  (Flkhnr,  inSci  OreicrV 

Ihi  Muscla  fai  caflein  i^m  is  ineidtable  and  appean  white,  bloodlcw,  stlfl  and  coo- 
mU/  a*Ni)en  and  shortened,  and  ii  odd  b>  litmus  (Ransom,  1911). 
wnitapk  C/umrtf.—ll  tbe  ullein  is  applied  10  a  teased  anude  under  the  mkio- 
Ib  tb*  contantB  of  the  fiber  are  seen  to  move;  the  craw-alrlatlQtu  disappear,  and  tbe 
I*™!*"*'  attiac  become  more  prominent.  Tbe  sorcolemnia  becomes  detached.  Th* 
tlhectea  by  half  UobsoBsco). 
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Thew  chatnges  have  been  tttidi«d  by  S«ch<;r,  igi4-  throu^  perfunon  trith  dQate 
solutions  ol  xantUn  and  the  various  mctnyl-xnnthini.  which  all  produce  rimltni  efftcli. 
The  hbtologtc  changn  incrciue  with  the  coMcvnltulion,  to  dborganlnlioa  (caficia, 
I  :  1,000).  Shnn  of  diiorgnni^lion.  the  chuDgei  are  reveniblc.  The  diMtgaaEaea 
fibers  also  evpniiully  nrKviicruti;.  iiruviilcd  their  nuclei  nr«  intact.     HaidrrdoK  aod  trae 

Sir  is  confined  to  the  destroyed  fibers.  Similar  chanKi*  art  produced  by  chloroform  aad 
er  pulaons.nnd  in  other  vcr  I  uhinlcs.  although  mam  mala  require  hijihrr  conceal  mtiont. 

Perfusion  u{  llie  muscle  vrilh  saline  ur  blood.  If  undertaken  iKion  after  ibe  oiMct  of 
the  rigor,  restores  the  plnslicity  but  not  the  excitability  (v.  FUrlh). 

C«af;ei!atiim  of  ^fu^d•!  ExUartt. — Rigor  may  nlui  be  produced  in  liviojt  »nitTt«j«  i/j 
tht  inject  iun  of  a  numl>er  of  other  aubstancn  in  sufficicDt  concentration;  for  iruUiKe, 
by  chloroform.  .\II  of  these,  a*  well  at  calTein,  favor  the  cougulalioo  of  muurle  «ilract( 
(v.  FUrth,  iI<q6).  However,  there  neeil  nut  be  any  relation  between  riifor  and  thU 
coa^ation:  for  cerlnin  ?uh»lancc»  enngulatc  muscle  cxirncts  evta  tnoic  actively,  but 
are  incapable  of  piroducinic  ri^or  durlnit  TUe. 

Uaseulor  Effrds  in  Man. — Morse  ihowed  by  the  tttntrafh  that  moderate  doiMol 
caffrfn  (o.i  to  0.0  sm.)  increiue  the  muocular  work.  In  the  first  hour  tUi  may  be 
raised  lour  or  five  times;  the  cflcci  ihcn  lessened,  but  extended  over  two  to  «eveti  boura. 
Piadicallv  all  subsequent  experimenters  have  con&nned  the  incrouc,  althouj^  it 
was  not  always  as  great  (Hclleien.  igo^).  Sometimes  the  incieaK  «a»  ooalnly  in  ibe 
height  of  eoDtractlon  (Krnepc)in);  with  others,  In  ibe  number  (Rusai).  Tins indicatta 
that  the  action  is  botn  on  the  muscle  subBtance  (belKht)  and  on  the  motor  cenUn 
(fatigue).  Rivers  and  Weber,  1907.  found  it  quite  variable,  and  sometlmn  foUovcd 
by  a  decrease.  Schumburg  thowed  that  the  effect  Is  leu  when  the  experiment  is  made 
fasting  on  an  exhausted  muscle.  Tlie  Increase  of  eDiciency  is  due  partly  to  a  leuer 
feeling  of  fatigue  (Rivers  and  Weber),  but  it  Is  at  least  in  part  pcrij^era),  since  the  eft- 
doncy  !s  also  increased  when  the  muscle  itself  is  stimulated  electrically. 

Use  0}  Cajfrin  Against  Fatinite. — ^The  psychic  and  muscular  action  of 
caiTein  are  popularly  used  against  fatigue.  This  will  be  discussed  under 
the  "CalTein  Beverages," 

Use  in  HeatiarM.—Va.\T\y  large  doses  o{  cafTcin  (0.5  Gm.  =  7^^  grains) 
are  rather  efTective  again.st  certain  forma  of  headache,  such  as  migraioe, 
neuralgia,  fatigue,  etc.  It  tnay  be  cninbined  with  acetanilid.  It  does  not 
prevent  the  depressant  effects  of  the  latter;  but  rather  increases  its  (ox- 
iritv  (Hale,  loog;  .Salant,  tpii);  it  also  increases  the  toiirity  of  alcohol 
and  barium  chlorid  by  its  circulatory  action.  Caffein  is  aJso  useful  in 
some  cases  of  nervous  dyspepsia. 

Smooth  Muscle. — The  efFect  of  cafinn  on  smooth  muMle  conaitta  in  a  baser  tad 
more  per^itteni  contraction  curve.  Larf^er  dotes  prolong  the  period  ol  nllTlllM 
The  lone  seems  to  be  affected  diltcrcnily  in  various  muscles.  The  arteries  are  rdaxed 
by  relatively  *mn!l  doses;  whereas  the  caflein  has  a  tonic  effect  on  the  pdvfc  porlioa 
01  the  ureter  (Lucas,  190;).  It  has  very  little  eScct  on  the  uterus  (SShris);  and  none 
«0  peristalsis  (Nasjc,  1SQ6). 

OOier  Peripheral  Actions.— Caffcin  has  no  action  on  peripheral  nervous 
structures  when  it  is  used  systematically  (Aubcrt,  1873);  nor  does  it 
cause  any  local  irritation. 

It  has  a  paralyzing  action  only  when  it  in  ni^lied  tn  a  very  ttrong  pule  directly  to 
the  ner\e  (Pratt).  It  docs  not  act  on  any  jjonx'i'u,  nor  on  any  ^iatuU  other  than  the 
kidney;  nor  on  red  corpuscles,  uor  on  Gbriu  lormalion.  Small  ooMai  increue  the  move- 
ments of  leucocytes  in  shed  blood,  whilst  higher  concentjationa  kill  them. 

LofDfT  Ors^anisms. — The  actions  of  caflein  on  these  are  not  characteristic  (Brooton. 
1881:  oxidation  of  ^aioc;  Hawkins,  looj:  gas  formation  by  yeast;  Bokomy,  1804.  aad 
Korcnt*chcw»ky.  i<)oj:  amebae;  Romanes.  18(17:  mnlusac;  hollmann,  1906:  adult  and 
embrj-onic  fish;  t^dccting,  1893:  embryonic  chick's  licart;  Ranaoin,  1913:  genninatkin 
of  seeds). 

Metabolism. — The  results  of  different  investigators  have  been  coo- 
tritdiciory,  but  it  appears  that  caffeiii  causes  a  rauicr  small  and  variable 
increase  in  urea  and  COt-     Both  effects  arc  prgbably  indirect;  the  urea 
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ring  cxplftinwl  by  the  rliuresis,  the  COj  by  ihc  incrca»c<]  movements. 
^TtiU  also  explains  the  slight  rise  of  temperature. 

The  eailicr  (nv««tigiitor«  clamed  (liminished  iuol  ctctciions  (J.  LchmanB,  1853; 

:ka,  1S54,  and  oUiera),  wil^  varying  u-sults  ub  lo  CUi.  The  iriirtitir  work  hai  oat 
been  coairmtd,  and  may  poiubly  be  explained  by  imjicrfect  methods.  (However, 
Fan  and  Wdka,  191J,  dctcrtbc  dccicoscd  .YeliminalionafiErihuoph^Itiiiinhculltiaud 
fcnal  di*ca*e:  whiltt  EndUvi  claicns  aa  iacrnise  of  N  niter  thcophylhn  ot  thoobromio. 
The  oaDtradlctions  probubly  depend  on  diffrrvnen  u(  diure^lft.)  C.  J.  Lchmanli, 
Voit.  Rouxand  others hnvedcmonittnlcdincfeiiiedu[euc:<creli<>naftercaff«njRdcherl. 
iacr«a;«d  heat  produrlion;  Hprrlvln,  ifc)2,  Rdsnil  and  Means,  1QI4,  tind  liiggins  and 
Siluni.  1015.  found  iucn-uscd  Cl>i  and  0|  mi'tubolihm.  with  therai>eulic  dosci.  Sidant 
kad  PlirlpE.  1910.  ond  Salant  and  RJcgcr.  igi4,  found  ilimht  (hangci  in  the  cxr.rction  of 
creatin  lod  crcatinin. 

Ttrnfiwuiurt. —The  riic  was  demonstrated  hy  ninx  and  Fcretii,  1878.  It  i«  very 
rilght  in  normal  aoimoli  (i*  to  i.5*C.).  It  is  peiha|M  nilhcr  mure  cUcclivc  In  prcr\*cntuig 
the  t«U  of  tcmpcratuic  which  occurs  in  light  mtrcosin,  but  is  ineffective  in  deep  unrcosife 
(racber,  igii).     The  rise  i»  much  )Crentcr  in  thyruldectuiiiized  dogs  (Kaielkin,  1914)' 

dyMnvM. — During  the  caflctn  or  Iheobromin  iliureiit.  there  in  eommonly  a  xli^t 
bypo^ycmua  and  ^lycnsurin,  esprciitllv  in  riihhit&  fed  on  carbobydraie  food.  How- 
ever. It  occun  also  la  tasting  animals  (E.  Hirsch,  191;).  It  may  be  induced  by  oral 
ftdauautradan,  and  occurs  also  in  cnti,  but  not  In  doss  (SalanI  and  RniKht,  190^). 
The  phrBomenoa,  which  occum  akowith  othe-r  diurcUca.hu  not  received  a  Mtis- 
factory  explanation  (Miculicich.  1911).  It  U  not  renal,  Cor  kugar  appcun  in  Ihi!  urine 
oolv  when  there  is  n  conii.lrrablc  rise  of  blood  suKHf  (Hirsch).  The  hyperglycemia 
Indlrxlo  iiK:rea!«d  ("lytoK^nolvsls.  which  rcsemblca  thiil  produced  by  piaHic  (Nishi, 
tooo).  Like  this,  it  it.  generally  (but  not  always;  Jarisch.  1914)  prrvented  b^  section 
«  tSB  cplatKhmcs.  excision  of  tnc  suprarenals  (A-  Mayer,  loob)  and  b^  nlrotin  [Hlra- 
yasia.  1911),  It  must  ihen-fore  be  usunllv  central,  perhaps  through  increased  reQca 
InitabiGty;  but  under  certain  conditions  It );  also  pe'nplieral  IJnrisch). 

JNcmNm. — The  effects  will  be  discussed  under  the  beverage!. 

Ciiculation, — Caffein  acus  011  ihc  hcarl  and  Wood  vessels,  peripherally 
ud  centrally.  The  effects  arc  therefore  quite  complex  and  varj'  with  the 
iox  and  other  conditions.  The  predominani  action  of  therapeutic  and 
nodcratc  ph\'$iologic  doses  consists  in  vasodilation,  combined  with  suffi- 
ritnt  cardiac  stimulation  to  maintain  llie  blotx]  i)re-'wure,  or  even  to  raise 
UuQcwhat.  Both  actions  should  combine  to  favor  the  blood  How,  and 
wwM  therefore  be  useful  in  circulatory  diseases;  the  diuretic  action  being 
ihitOier  desirable  feaiure.  On  the  other  hand,  the  eflecu  of  caffein  arc 
noiiopowerful  nor  so  lasting  as  those  of  digitalis;  and  its  side  actions  of  ten 
interfere  with  its  use.  The  other  methyl-xan thins  act  very  similarly  to 
oSan,  and  the  same  description  probably  applies  to  all. 

Stages  of  Actioo-^Thc  effects  in  animals  may  be  divided  into  the  im- 
"Kriiilc  effects  of  intravenous  injection,  the  more  pers-i.-'tent  effects  of 
•otfcnic  (stimulant)  doses;  of  larger  depressant  doses;  and  fatalities 
(SoUnuoii  aad  Pildier,  1911;  Wood,  itjia;  Salant,  1913;  Pilcher,  tgta). 

l^WmMuItf/aiiaiiofCafeiii. — This  produce*  a  (niily  severe  fall  of  blood  pressure, 
■ita  piai^tt  rccovefy.  The  aculr  fall  of  prtt surf,  is  prciumnhly  due  to  depression  of  the 
ufoaaSaai  by  Ihc  concentrated  drui.  It  dues  nut  uuur  with  other  methods  of  ad. 
■nMniioo,  and  therefore  bos  tittle  practical  importance.  It  is  not  characterislie  for 
cafloft,  till  occurs  with  many  other  drugs.  Hk  orfan  volume  (oncometer)  falls  with 
<}*  TOhitc  {indicating  that  the  action  is  cardiac).  Dirc't  observation  of  the  heart 
itDWdfation  with  diminished  escurrions.  The  heart  rate  b  quickened  and  the  vaso- 
■OUr  aad  mporatorr  center  arc  stimulated  by  the  low  pressure. 

SHmtda$it  Doses. — Small  and  moderate  doses  (to  30  mg.  per  kilogram) 
generally  produce  a  slight  (10  to  20  mm.)  rise  of  blood  pressure,  usually 
with  iBOfe  or  less  increase  of  the  heart  rate.  The  lone  of  the  heart  is 
iocnased  and  the  amplitude  of  its  excursions  may  be  greater.    This, 
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and  the  fast<^T  raic,  raise  ihc  output  of  the  heart.  The  vein  pressor*  S" 
nol  changed  (Capps  and  Matthews,  191,1).  Thr  bkwd  flow  is  increased 
(Landgrcn  and  Tigersted,  1892;  Loewi,  1905).  The  volume  of  ihe 
^lanchnic  organs  (Philiips  and  Bradford,  1S87;  Albanesc,  i88i;  Gottlieb 
and  Magnus,  iqoi  ;  Loewi,  1905)  and  of  the  cerebrum  (Roy  and  Sherring- 
ton, 18S7)  increases.  This  oncomelric  change  is  more  marked  and  more 
persistent  than  that  of  the  blood  pressure,  and  therefore  indicates  a  marked 
vasodilation.  It  has  been  claimed  that  the  dilation  is  more  povrcrful 
in  the  kidney  than  in  other  organs  (Phillips  and  Bradford;  LoCTi);  b«t 
in  fact  it  seems  to  be  about  equal  at  least  in  the  splanchnic  area  (Sollmann 
and  Pilchcr).  The  vasodilation  is  iwriphcral,  since  the  perfusion  method 
shows  that  the  vasomotor  center  h  actually  stimulated.  Ordinarily,  the 
peripheral  dilation  is  more  powerful  than  the  central  constriction;  but 
under  some  conditions  the  constriction  may  predominate,  so  that  the 
oncometer  falls  with  the  rising  pressure.  This,  however,  is  very  excep- 
tional. The  older  conception  of  a  powerful  and  constant  constriction  was 
based  on  slender  and  indirect  evidence  (mainly  on  the  experiments  of 
Wagner,  1885,  and  Schroeder,  1886).  Vinci,  180;,  found  that  caflcin 
gave  a  much  larger  rise  of  blood  pressure  (prcsumaWy  cardiac)  in  animals 
which  had  been  weakened  by  anemia  or  starvation. 

Dtprntiinl  Doies. — Doses  of  caffein  above  40  mg.  per  k.ilognm  progrmivdy  lower 
the  bliKHJ  prtssutf,  unlit  a  level  of  bo  to  H5  mm.  h  rrachd,  with  dow>  oi  about  140  tag. 
pvi  kilogram.  This  level  is  ihi'ii  inaintuiDFil  uuLil  ili^iilh  approadiM.  If  the  orii^nal 
pressure  was  low,  it  may  not  be  further  lowered.  The  tone  of  the  heart  is  dccrcaKd, 
so  thnt  it  gradually  dilates,  and  the  amplitude  of  the  cxcunions  snd  the  oiitpat  uc 
diminished.  The  oncomi.-Ur  falls  with  the  blood  pressure,  io  tliat  cardiuc  deprtsmoo 
is  the  dominant  element.  It  is  accompanied,  however,  by  n  prosrasive  and  finally 
complete  vaw)molor  paralysis,  when  eifincgibrm,  Hplunebiuc,  ^ind  uuer  forau  of  vmo- 
motoi  slimululion  become  less  and  leas  eflectivc.  (Epincphrin  still  cautes  a  idntirdy 
soikll  riie  through  cardiac  stimulntinn.)  The  vaMimntor  center  can  be  «lii>wn  (by  th« 
pvrfusEoD  method)  lo  be  »timiiblrd  even  after  very  larRC  doeet;  but  UUi  stimulatjon 
can  not  become  efFecIive  agiiinst  the  peripheral  paialyn*. 

Paial  Dosei, — Death  occurs  by  acute  cardinc  failure.  Caflein  Mrvts  to  lower  the 
rcslstanccoflhc  heart,  80  Ihut  the  Falal  disc  may  vnry  icreatly  In  different  animals 

FaclDTs  Involved  in  Ihe  CirculaU/ry  Afli^ns  of  Caffein. — These  may  be  gumroaiucd 
u  follows:  Cardiac  stimulation  or  depression,  according  to  the  dose  and  r^vdity  of 
injection. 

Increased  heart  rate,  not  due  lo  va^^us  depression.  (IF  the  vwuaiii  intact,  there  may 
be  iilowini;  through  central  stimulation,  but  with  latge  dotes  the  heart  escinic*  Irotn  tM 
vagus  tone.) 

Vasodilation,  throuKh  i>cripheral  depression  of  the  vasoconstrictor  mechaBbiB. 

Central  vasoconstrictor  stimulation  generally  ineffectual,  also  convultive  ilinmla- 
tiOD. 

Cardiac  irregulnriiieg,  with  large  doses. 

Dirnt  Actien  on  Blood  Vfiselt.—'rhetc  lend  to  dilate  when  excised  orcans  ue  per- 
fused with  caffein  (Bcco  and  I'lumier;  Cow,  1911).  The  effect  u  not  very  great  with 
caffein  alone,  since  the  vessels  nrc  alre.i'ty  dilated  after  dcalh;  but  v-cry  litllc  caAeto 
>ul£c«^  to  counteract  the  constrictor  t'fTctl  of  e[iineplirin  (Soilmann  and  (nich«i).  Th« 
caffein  must  therefore  act  on  or  beyond  the  structure  stimulated  by  epinepbrin;  iV., 
on  the  receptive  or  muscle  substance. 

SpeeUtI  Vessels. — The  Coronary  Vtstfh  are  not  oflectMl  dlrectljr  by  oScin  or  theo- 
bromin  (Bond,  iqii;  Rube,  icjij);  but  in  intact  animals  there  is  mcrened  blood  flow 
and  some  passive  dilation  with  theTtir>eulit~  Aatxi  when  the  blood  premuK  incs  (F. 
Meyer,  igi  1).  Toric  doses  generally  dilate  iSakai  and  Saneyiwhl.  iQij;  Macht,  iQij). 
The  Lung  Vrsfrh  nrc  first  constricted,  soon  ceding  to  dilation  (Berezin,  1914).  Hacnt, 
1914,  obEer\'ei1  tlilation  of  c(ciso1  piilmonarj'  .\rtrn'.  Thcobronun  wu  prscticany 
■MS*tive.  Baehr  and  Pick,  iijij.  found  no  effect  with  c&ffein  on  lunc  periuuon.  The 
Liter  vtins  are  dilated  (Bereiia.  1914).  The  vessels  of  the  pii  maler  and  rrtiita  are 
dilated  during  life  (Ilirschfddcr.  ii>]  5).  The  dilation  of  the  rvc-vcssds  may  ruse  the 
i&tra-ocular  leoslon  even  with  falling  sysienuc  blood  ptetsure  fWcwcly,  i9'S)' 
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CAFFEIN   AND  OTHER   UBTBVI^XANTBINS 

QtHNit  KaU. — When  tbc  vi^  are  intact,  Mnoll  doaot  at  <»tttia  may  cause  Mine 
tlmnf  tbrauKli  BttmiUxtion  of  ihe  vaiius  oenitr  (Swlnki,  IQ04)  atid  incrcBsed  vagut 
ODUbdity  (Fredtrio),  1913}.  This  Hlowing  does  not  occur  in  all  onicnaK  With  Inrecr 
dMk  « ilwairs  if  tbe  vagi  are  parolyxod,  the  rale  is  raatkodly  quiikcocd.  With  lh« 
ti^alvld«d,  imc.  perkSoRraaiiacreasesiheratebyjsiKrcenLpoing.  per  kilogtara 
b)rupt(tcal.:30  to  coom^.  by  so|>cr  cent.  Bc)-iMd  tliia  there  M  no  furlhn  incrcaae, 
w^mittn^MvnafylJimiiiaaiiitTftuUrily.    The  quicktnliiR  Isevideuily  nut  due  to 

■  ikpniiioOL  ihiet  it  oc-^un  uflcr  wclioD  of  the  vngi  or  alropin  (Johoiuuen,  iS6a, 

lOlhai).    Tm  vagus  tone  is  ind«d  lost  alter  kigc  do»ci  (Aub<.-(t,  1A71,  and  other*), 

.Hcnponae  lo  vagus  ttimulation  is  uoccrtain;  but  direct  cootral  vacua  stimula- 
tho  ur  luU  cause  mailtcd  slowlnK. 

IGm  W  the  qukkeauiK  due  to  stimulalion  of  the  atttUtal^  mtchntanti.  Tiie 
OKI  otcnn  after  exduon  of  the  stellate  unslia  and  In  the  exclsfd  nuimraiillnn  heart. 
Sainki,  1904,  found  that  when  the  cuflcfu  quielcenins  ^'^  reached  lla  maiimucn,  a 
ilyjW  bovaK  would  be  obtained  by  sttniulating  the  accelerator.  (Large  dosa 
•BiNjriheRspcirBe  toBccclcmtoritimulation,  Ftedcricq,  191  j.)  Cuihny  showed  iliat 
IhiMdi  tA  the  cardbc  curve  arc  diflercnl  In  cudcin  and  accelerator  fctlaiulatlon. 
Bna,  1^,  found  that  callein  quickens  the  heart  after  apacodein,  nhich  naralym 
IH  KnltraUir  ending*,  rickerine,  iftgj,  obscrvrd  it  in  the  embryonic  chicle's  heart 
Mm  Um  nervoui  itnictures  had  become  dcvelot>ed.  Tkr  ^ukktMine  mitil  thftfoft  bt 
tmlfkatoMd  uMratltbUUy  of  tbt  mtatU  iiit>%tantt  ilirl/. 

fnji  Start. — Soaall  doses  tncrcane  the  ratefVoit,  iatio),excunJODS (Wagner,  ifSj), 
panlufl)^  aod  especially  the  absolute  force  or  maximal  reslktancc  (Dmcr,  1S87}. 
iMdulok  u  sbortened  more  iliac  the  systole. 

I^ilidoae*  cause  slowing  and  weakening  (Maid),  with  diastolic  tendency  (Faval). 
»tbnrt  beat*  (or  some  time  after  the  skdctal  matdcs  are  in  rigor  (Wagnci).  The 
■Msmst  may  lie  cither  in  sj-itolo  (Johaiuucn,  1869)  or  dIaMole  (Faval). 

Vllk  hypodermic  injection,  the  stimulant  dose  i*  j  rag.;  the  depraiant  ij  mg. 
jMBMr).    Dropped  on  ibccipoMd  heart,  1:10,000  is  stimulant,  and  1:100  dq>rcitant 

TV  terrapin's  heart  respondi  similarly  to  the  frog's  (Be>-er,  iBSj). 

£mW  Uamnmlitiii  Ilcurl.'^Whtn  studied  by  modifications  of  the  Langendurff 
MM,  cailcin  and  the  other  xanthins  produco  Increased  rate,  amplitude,  and  force  of 
■tOMtc  tontrof  lion,  and  ^nenlly  quickened  coronary  flow  (Ifecfbam,  i&w.  O.  Loe b, 
IWlBccoaiidPliiniicr.  i9on-U(w:hii^igo7iPlavec,  tQog).  The  incrctscd  amplitude 
htot  la  the  syuole,  tncn  alw  in  the  diaitolei  but  the  cardiac  tone  is  not  increased 

■•k).    Tbe  stimulation  Li  greatest  with  tbeophyllin,  then  theobromin,  then  caffein. 

tCOnauy  modllatbn  ia  alsosreatcst  with  thcophyllin,  but  least  with  theobromin. 

J>Mkat*s  that  tbe  Increased  flow  fs  not  (imply  due  to  the  Increased  coniractlooa. 

_  ra—  ctperimenti  seem  to  refer  only  to  stimulant  cotKentrationi,  and  they  may  be 

^MMualily  nsodificd  by  changjns  tbe  conditions  (Lifschitx,  11)07;  rinvcc,  1909;  Bock, 

f  MMu'diii  H*arl  in  Situ. — Tbe  effects  of  the  various  doftes  were  studied  by  IHlcher, 
.  ti,  «Ilh  the  results  deicribed  under  the  general  <UM:uuiun  of  the  circidatory  effecta. 
Ctpirimtmtal  Itatft-lilMt.^la  complete  block,  caSein  increiiKS  the  str«ng1h  of  tbe 
wriimlai'  cofltractioB.  Lariter  doses  produce  ventricular  cxirasystotes  and  tacliy- 
WAa.   Tbe  strength  of  the  auricle*  is  temporarily  quickened  (lugmood,  191]). 

i;CSlcalator7  Effects  in  Han. — These  correspond  with  what  would  be 

from  unimAl  expeninent&.     With  doses  to  1.5  Gm.,  the  acute 

1  ire  inconstant  and  j^crally  slight.    The  heart  rate  may  be  slowed 

or  unchanged  (literature,  Sollmann    and  Pilchcr;  Wood, 

Palpitation  is  common,  btil  appan-nlty  Inrgdy  subjective.     The 

I  prewure  may  rise  (Wood,  1913):  or  fall  (Mirano,  1906);  or  rcniiiin 

(Lucas,  1914;  Ncwburgh,  1914).     The  volume  o(  the  human 

i  b  diminished  (Hewlett,  1913).  _  The  blood  tlow  tends  to  improve  by 

1  tyf  tolic  output. 

ifoMH  SlMrf  fi(v.— Hypodermk  doOM  of  o.j  to  0.5  Gm.  in  resting  men.  produce  a 
'  t  bocAsc  of  the  total  blood  (low  (Keocb-Liodhard  method).  The  iimiroveraent 
by  iacreaacd  systolic  output.  It  docs  not  occur  during  work.  Means  and 
■tnusB,  14);,  attribute  the  rest  effect  to  increased  venou*  return  to  the  heart,  by 
I  aoioB  autilde  oil  the  hcurt.  fluting  work,  the  venous  rttura  Is  adequate  even 
'.  tmBna,  and  b  not  materially  Incrcatcd  by  the  drug. 
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«(  tbe  ODCOmetrk  reaction.  This  is  importani  midmff  thai  tie  diurdic  aclitm  U  tttwUi 
•n  tht  jfomtrtAor  draUathn  and  not  on  ilie  (u^it/<ir  f^thdiam. 

In  uranium  nepkriiii,  diurclio,  uicludinE  caffcio,  ut  effective  doitac  tbe  nriv 
polyuria  Ktngc;  but  the)-  become  iiu^ective  wneo  tbe  Bnuric  iliige  U  reacbea,  althoogb 
the  drculatory  ii-ipoD«e  may  be  well  ptatevtd  (MacNider.  i<)'!;  Boycott  aix!  RytM, 
1013).  Thii  dewnds  on  the  inliictncas  ot  ihc  n-nal  rnithelium  iMiicNiiler,  1914).  In 
tAe  lubcLCUtely  Ut^  form.  Citlti-iii  and  ihe.utlier  ni<.'liiyl-:(anlhin»  did  not  peolflDit  liJc 
(Cliristinn.  1014).  The  phcnolphtbnleiD  excretion  wa»  rather  improved,  but  the  nilro- 
no  ictention  in  the  blood  wu  not  matcriiilly  affected  (Chmtioil,  1913;  CbristUn  and 
CKHare.  igiji  fits,  1014), 

For  tkrotnait  ntphritis,  on  tbe  other  hand,  tbeobromin  mid  theocin  were  dittiactlr 
barmful,sincclhevdlmim>h(^  the  phthalcin  output  and  ihcjinimals  died  more  promptly 
(O'Hjin:.  1915).  Mthi.>u);Ii  Ilie  nitruKrn  excrrliun  >va^  unchunKcd.  and  the  fllmuMtion  of 
urine  and  chlorid  wa»  increaied  (Kiti,  jou'.  Finally,  the  kidneyi  cea^d  to  ttMX 
(latigue?).  This  'a  (^prc!.ill>'  niHrkni  if  the  mffcin  hax  tkccn  preceded  by  several  injec* 
tioos  of  saline  (MuEi-nthan  and  Schlayer,  I'ji  j). 

l-'ailuff  of  Caffein  Diuresis.^.\&idQ  from  glomerular  and  general  nephri- 
tic, there  are  a  number  of  other  Sa^lain  which  may  interfere  with  diure^i*. 
The  quantity  of  water  in  the  tissues  is  very  important;  and  also  the  water 
in  the  food,  which  is  the  ultimate  source  of  the  water  of  the  urine.  There 
is,  consequently,  a  conspicuous  difference  between  dry-f«i  and  wel-fed 
rabbits  (von  Sobieranski,  1895;  Locwi,  1905) ;  and  presumably  the  limited 
water  intake  of  dogs  accounts  in  part  for  ihcir  lesser  diure^-o*  respons* 
(Sobieranski).  Schroeder,  1887,  found  the  water  content  of  the  rabbits' 
blood  decreased  by  10  per  cent,  after  an  effective  diuresis.  TTie  same  fac- 
tor i«  active  in  the  poor  diuresis  of  hemorrhage  (Michaud,  1904),  and  in 
the  superior  diuresis  in  dropsy  (Hofmann,  1880);  but  other  factors  may 
cottperate.  On  the  other  hand,  when  an  effective  water  diuresis  has  been 
secured  by  excessive  continued  water  administration  (Sollmann  and  Hof- 
mann,  1005)  or  in  diabetes  mcllilu*  (Meyer,  1905),  there  is  no  further 
increase  when  caffein  is  added. 


The  Diutflk  Rrsponse  in  tkt  ycrnuit  Human  5iil>/ivl.— This  is  comparatively  mall. 
Raphael,  1904.  found  the  daily  urine  incceiucd  (under  otherwise  con*tant  conditiot>») 
by  0.5  Gm.  caScin  sodium  »tlicytatc,  41  per  cr.nl.;  o.j  Gm.  ihcobrooiili  todiVB  uUcy- 
latc,  s  percent,;  i-s  Cm.  i4pef  cent.;  j  Gm.,  s.s  ptrcent.  This  waa  mudi  Ins  tfaan  Uie 
increase  secured  by  the  tonsumption  of  nn  extra  liter  of  water  or  beer  (100  pec  cent.); 
whilst  B  liter  of  milk  incTciiud  the  urine  by  15J  per  cent. 

InlrrferttKt  by  Vnixiiitilrirlion  and  Vagui. — Whilst  the  va>iomotor  itunuUtioa 
ha*  not  ordinarily  the  importance  attributed  to  it  by  von  Schroeder,  it  may  wmetiaM* 
be  (ulTidcntly  powerful  to  overcome  the  peripheral  dilator  cflccl.  At  all  cvcnta,  the 
diuresis  i;  aiilcd  liy  the  hydrocarboii  iiurcolln.  Curart  is  alau  laid  to  aid  tbe  dintcsis 
(Cervello  ond  LoMonnco), 

Corin,  [8S6,  ctninted  tbat  the  vagi  cxcn  nn  inhibitor^'  influence,  which  .\ntcn,  1901, 
attributed  to  a  direct  inhibitory  inSuence  of  thc^  nerves  on  the  Mcrctinx  cells.  Atropdn 
would  therefore  increase  the  diuresis.  These  claims  need  conbrmaiiun  before  they  can 
be  accepted. 

Failure  in  RepeatfA  Administration. — It  is  a  common  clinical  experience 
that  caffein  often  becomes  ineffective  after  a  time  (LcNoir  and  Camus, 
IQ05}.  This  is  not  surprising  -when  it  U  remembered  that  the  factors 
which  favor  and  impair  the  diuretic  response  are  apt  to  \'ary  from  time 
to  time.  The  disappearance  of  tbe  edema,  for  instance,  would  decrease 
the  response. 

In  experiments,  it  is  also  noted  that  repeated  injecliona  beconie  1cm  and  ku  elteclive 
(Phillips  and  Bradford,  tHB;;  Locwi.  1905}.  This  however,  i*  simply  due  to  tbe  (act 
that  the  d(prc«sinit  doitaRC  is  gradually  attained. 


OMtricUon.  Howei'ct,  it  h  nan  known  tiiat  caScin  ordinnrily  cauMS 
,  ABil  Hol  VMocoiLilriclion;  and  von  SchiiKdcr't  mulii.  h^ve  nol  always  been 
Fby  latci  otMcn'crs  (Luvwi.  igo5).  It  ipiiean  thni  cJiIontl  bciKht<ns  tbc  re- 
totaSein.  but  ran  SchrocdiT  hinx^elf  i^howra  thnt  thn  Htmu  mull  U  atlAJncd  tiy 
kydt  la  doKci  which  c«rialiil)'  diil  nut  paraljEC  llie  vuBumoliir  iciiler.  The 
ua  Buy  pnhu;is  hr  ci|>taii)cd  ox  a  nmpic  summation  «(  the  vnMdiluIor  cflccl 
tvo  drugs  (Albanwe,  looo).  The  comhinnllon  of  ntTcIn  irith  Mlincs  nlw  Klt-c* 
cr  darttw  than  cither  aianc;  whUu  a  mixture  of  lh«  sertml  m«thyl-iuithin»  only 
apk  addition  (ScUoaaer,  1913). 

a  the  diiuctis  i»  mmpucd  irith  the  changes  In  the  oncomclcr  (Phillips  nnd 
i^  1SS7;  GiHtDcb  and  Maicaui,  iqo:;  Luewi,  Metcfacr  unit  Hendcnon,  1405}, 

I  fenM  ts  exhibit  a  remarkable  pamllcliiai.  Duriae  the  intravenous  fall,  the 
inr  naaet;  aa  the  onconetcr  recovers,  the  unnr  r«umc»,  10  rcuch  its  maxtmutii 
t  the  at  the  oneamcler,  after  wtilch  both  shade  craduiilt)-  buck  to  tbe  normal, 
life  deMs  of  aiBan,  there  b  ndther  dilation  nor  ^uitw. 
lttoonditioiUBrcothcrni>eiinfot'orable  lodiuresis,  oslndrj'-fediinimiilsar  when 
HT»  have  been  iujurcd,  the  caffoin  dilalloii  may  fail  to  mult  In  dlute^  (Loewl; 
tMd  Bradford).     Other  iliicrcpancin  have  occaiionallv  been  noted  (Gottlieb 

«iu,  t9oO>  I'lt  they  are  exceptional  and  uauatly  Inugoi^'caut;  ctpcdBlly  in 
I  atalcencnt  of  Luea-i  ibat  the  blood  Bow  may  be  increased  (aa  iud|[ed  by  the 
tolor  ul  tbe  Uood  io  the  renal  vdo)  even  when  tbe  kidney  volume  U  kept  con- 
f  tncviag  it  in  nlatlcr. 

ntltuiion  of  blood  after  bcmotrha^  Is  not  modilied  by  the  cafldn  dluretla,  ao 
n  b  no  aisn  ol  altered  penncabiUtv  ol  the  veuvU  (Guisboeck,  191  ().  The  via- 
Nihe  blooQ  i«  uid  to  be  dindnfabocl  (Lorin,  IU12). 

iiriM  0f  ExiuJ  Mammaliatt  A.'Mu'yr.— JMunk,  1S87.  addlnx  CaScln  to  the  pCi^ 
lltod^  (ouod  B  Luge  increoie  of  ureter  iloir  and  a  moderate  increne  of  v^  flow. 
Mil  i»  certainly  eiccpiiouil  (von  Schroedcr,  1887;  Koberl,  1S86;  Sollnaann  and 
f<  iw;).  It  would  naturally  be  ciplaintd  by  the  VBMdIlator  action;  but  Rich- 
i  Hani,  191;,  report  increued  urine  flow  even  when  the  perfuuoo  flow  ii  kept 
K.  Tbi*  would  moB  that  a  dlatetic  effect  occuis  apart  from  circulatory  changes. 
lahaervalioRa  are  deiirabte. 

»fu  in  lU  Siif  ef  Eteittd  KUitty  Cdls  amd  AbsorpHon  of  SaliM  Sotmlimt. — 
tof  kbincy  Ituatcd  with  callcin  aWirb  leaa  fluid  from  h>'potonic  hJI  tolutlou 
iwnlml  sections  (ITIehno  and  Biberffld,  1901):  but  the  i:hunK<-'  issuiaU  and  ia- 

II  ^S'Dnunn  and  Itatchcr,  1907).  Ilii.tnlogicaUv,  (he  cpllhetium  of  the  con«-»- 
ibulea  tenib  to  swell  illxhtly  in  casein  aoluiion  (W.  W.  WllLianw,  1907). 
leilaat  5idi>iJii(, — SoUenuuky  found  thai  catlein  (and  lalioe)  diurcftia  prevents 
fa-wttam  alainiag  of  the  tubular  nuclei  by  iadigocarmin.  Auuming  thai  the 
j  W  due  to  rtabsormJon,  he  arzued  thai  ihU  rcabaorpUon  was  paralyaed  by  ol- 
iJ  txicMUaK  this,  ne  argued  Uiat  tlie  diunik  b  due  to  (ainirc  to  rcabtoin  the 
ikr  fluid.    There  U  no  lecurc  ba>ii  for  dtbcr  aMumption,  and  ihc  abwooe  of 

I  wevid  be  the  natural  rcatill  of  tbc  flushbg  of  tbe  ki(lnc>-K  by  the  diurois. 

If  ftriiitUtit. — l.uca.1,  1907,  found  tlut  cajtuin  baa  a  tonic  effect  on  the  pelvic 
tl  the  ureter.  Tbii  would  have  but  little  influence  on  the  urine  flow,  lince  thi* 
aducDCed  even  W  a  conildersblc  neitalive  ureter  prewure  ISollinann}. 
Mm  tf  Frtfi'  Kidnfyi. — Cullii  claims  that  if  the  |)er[iiMua  la  arranged  to  that 
Mi  act*  only  on  the  gtameruli,  the  cITecla  are  unutiilactorri  tf  it  is  conJincd  to 
ida>,  it  bcrtSMa  the^erfusion  flow  and  ■tari&  the  urine.  Tim  result  would  in- 
iMt  the  action  a[  caScin  b  on  the  tubules;  but  it  i>  miposcd  to  the  liodings  In 
iliaa  nephriik;  and  the  condltiiitu  ore  too  complex  to  be  ulisfacCory. 

II  IftiUUion  Ay  C^iffiu. — Ordinary  dosta  of  callrdn  ^ve  do  indication*  of  iniuiy 
Udsey  cells;  in  nephritic  [ulicnis,  hou-ever,  large  dOMa  may  be  followed  Inr 

albnntlouria.  Aninuli  aUo  re^|>aml  to  large  doaca  (40  tng.  per  kUogram), 
ly  when  tong  continued,  b}'  <lcfiuitc  nr|>hrillc  chaases:  allmminuria  of  1,4  per 
ncocjrtea,  eiHtbeUum  and  cml*  in  the  urine,  'file  kldne}^  thnv  dilated  vrHcta, 
MVBiaK,  to  vacuolar  degeneration  un<!  cccraiia  oi  tlic  epithelium,  and  il^ht 
Ul  awdnog.    Tfactc  histolotclc  charutM  mav  l>e  present  even  when  the  urine 

nannal.  Dofit  arc  mora  -lubject  than  rablnts.  but  the  lesioni  are  usually  only 
ty.  dlsappearinc  a  few  days  after  di^coDtinuancc.  No  lesions  arc  pcrcenlible 
lea  nt  s  Io  to  mg.  per  Idlosram,  corresponding  to  5  to  10  gralna  la  man  (Vi[>c), 

in  It  Exttrimfnial  .Vr/AnVu.— HeSin  and  Spiio,  1S97,  found  caRein  inellcclive 

ml.ii  ■.•ivi  i.TiuT.i}  nephrilii..  bat  quite effoclivr  in  pure  tubular  ncphrtlii.     Thb 

!:1ayrr  kikI  llcrlinccr.  1007:  and  W  Pearoe,  HQI  and  Eisi^nbrey, 

-LKxicd  lh.1l  tbc  failure  of  diurcslt  b  accompatdcd  by  failure 
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Blood  Prtuiat.— In  advanced  atyoeardtlU,  full  aod  cootlnucil  doM*  «[  oScte  | 
1  Gm.  per  day)  «u»c  a  prosreKUve  and  pccmBncal  loweriu]^  at  blood  prcaswc,  ra 
n  total  of  lo  to  so  nun.    Tliit  is  [Mirallcl  lo  the  diurtsb,  and  to  IheiHIcf  ol  tlwt 
and  other  symploms  (I..  Taylur,  iom)-     Theubromia  does  Dot  lower  the  fomnrc, 
althouj^h  It  a  othcrtviac  equally  oi  mote  cfiicicTit. 

Thenipeutic  Effects  oa  CiKulntioa.— The  methyl-xan  thins  are  uied  aS 
cardiac  stimulants  in  syncope,  and  cs|)e'cially  in  cardiac  dropsies.  Vkty 
lack  the  permanent,  tonic  action  of  digitalis,  but  are  useful  as  adjuvsaU 
or  when  a  quick  effect  is  desired.  In  Taylor's  myocarditis  seriet,  ihc 
results  were  excellent  in  one-half,  moderate  m  one-fourth,  and  unsucceniul 
in  one-fifth.  Theobromln  i.t  effective  on  the  first  day,  if  al  all.  so  that 
its  usefulness  can  be  determined  more  quickly  than  with  caffein.  Further- 
more, the  side  aclions  oi  cafTein  interfere  with  its  employment,  espediltjr 
in  excitable  patients.     Theobrumin  therefore  deserves  preference.      ^1 

In  hyjwlensinn  and  infectious  diseases,  caScin  fads  to  improve  H 
circuLilion  (NV-wbuigh,  ic)>4;  I-ucas,  ujul,  ^^ 

Clinical  Side  Actions. — Effective  doses  of  caffein,  especially  in  csnSlc 
cases,  produce  palpitation,  insomnia,  nau.4ea,  vomitinR,  headache,  vertigo 
restlessness,  anxiety  and  sometimes  delirium.  Theobromin  is  rcUlirajr 
free  from  these  objections,  but  they  may  arise  (Seifert,  Ivcbeiiwirkungnii 
1915,  p.  128).  They  are  al»o  produced  by  theophyllin  {Widmcr,  1914; 
Seifert,  I.c.,  p.  131).  The  side  actions  occur  much  more  violently,  tM 
with  much  smaller  doses  (0.3  Gm.  of  calTein  per  day,  or  even  less)  in 
patients  with  inlfrslilial  nephritis  (I,.  Taylor). 

Effects  on  the  Drine. — The  most  important  therapeutic  effect  of  cafldn 
consisis  in  a  tonsiilerable  diuresis.  The  increase  concerns  muJiilv  ll» 
water  of  the  urine.  The  absolute  quantity  of  solids  is  also  increased,  bt* 
less  than  the  water,  so  that  their  percentage  is  lowered.  The  eflicicaty 
varies  with  conditions,  especially  with  the  amount  of  water  in  the  l>«Jy 
(Widmer,  1014);  the  diuresis  is  most  abundant  in  dropsical  conditions, and 
fails  entirely  with  dry  food.  It  is  much  greater  in  wet-fed  rabbits  tltfo 
in  dogs.  It  fails  also  in  glomerular  nephritis,  but  is  effective  in  luboltf 
nephritis  unle,sM  the  vessels  are  involved.  The  albumin  in  nephritis  wy 
be  increased.  Theobromin  and  especially  theophyllin  arc  more  cScctivo. 
This  difference  is  explained  in  part  by  the  relatively  larger  doses  whidi 
can  be  taken  without  pnihiliilive  side  actions. 

MffhanUm  of  the  Diuresis. — ^No  agreement  has  been  reached  on  lW» 
subject.  The  increased  renal  circulation  resulting  from  the  stmultaacos 
cardiac  slimulation  and  vasodilatation  must  be  a  powerful  factor,  and  nu^ 
in  itself  sufhce  to  cx|>lain  the  diuresis.  This  does  not  exclude  tlie  fo» 
bility  of  stimulation  of  the  secretory  epithelium;  but  the  direct  cvidma 
(or  this  is  weak.  This  theory  of  secretory  stimulation,  which  is  «dl 
widely  accepted,  was  advanced  by  \'on  Schroedtr.  mainly  becauM  be 
could  not  exjilain  the  diuresb  bv  the  blood-pressure  changes;  but  be  wu 
ignorant  of  the  dual  and  complementary  action  of  caffein  on  the  heart 
and  \'essels.  At  present,  its  main  .•iupporls  arc  the  occaMonal  failure  of 
complete  agreement,  in  minor  details,  of  the  circulatory  and  urinary 
changes;  and  the  perfusion  experiments  of  Richards  and  Plant,  i^t  j. 

tUlaUixt  of  Cajftin  Diurtrit  to  Ctrcticlunt.—Schjoedet,  tS86  and  tU;  (and  iadl 
pendently,  LoDgOArd)  found  that  laori^biud  rabblta  often  [all  Co  rtapood  to  caOetn 
AMundn^  ihii  to  be  due  lo  vjuocoiutriction,  he  odnunuCered  chloral  to  paralyse  til 
ceitter,  or  divided  the  renal  nerva,  and  now  louad  caffein  luiiformly  eRectlve.  TU 
appeared  to  show  that  the  diuretic  effect  was  opposed  by  the  cimitatory  aSoct  ol  cafldi 
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Relalivt  E^icienty  of  the  Xanlhin  Derivaiiva. — Caffein  has  now  been 
largely  supplanted,  as  a  diuretic,  by  Lhwbromiii  (diureUnj,  and  more 
iilely  by  theophyllin  ttheoein),  which  are  credited  with  a  much  more 
powerful  action.  With  thcobromin,  this  is  not  surprising,  sina-  the  cus- 
tomary dose  is  four  times  as  large  as  wilh  cjiffcin;  with  theophyllin,  the 
superiority  is  genuine-  Both  are  superior  to  caffein  in  producing  less  of 
the  nervous  side  actions.  Theobromin  alw  acts  much  more  promjiily, 
*.«.,  within  a  day,  whilst  caffein  requires  four  days  to  reach  its  full  effi- 
ciency. Exceptionally,  caffein  succeeds  where  lheoI>romin  fails  (Chris- 
tian, 1915). 

No  reliable  quantitative  Mperimcnls  on  the  relative  dlgretic  nction  ol  the  various 
XADthin  (IcrivBlivn  have  been  made— die  mueh-quulcd  eiperimcnls  of  Ach  bclnii  based 
on  too  few  animal*  to  have  much  value.  The  attempt  to  correlate  the  diuretic  and 
nUKul&r  action  (Schmicdebcrg)  a  ihcrefort-  preraftture.  Mrndcl  Jind  Kahn,  igi], 
foonil  that  iTUMt  of  the  uewrr  niethybted  xani  bins  are  iiol  diuretic. 

Differences  in  die  Members  of  the  Group.— Ca^friw  has  the  most 
powerful  central  nervous  action,  with  relatively  weak  perijjheral  efTctts. 
The  strongest  <liuretic  action  is  produced  hy  thcophylliH  (thcocin),  which 
also  causes  the  most  marked  cardiac  slimulalion  and  coronary  dilation. 
Its  central  effects  an<i  its  action  on  muscle  approach  those  of  caffein. 
Theobromtn  (diuretinl  acts  most  |X)werful!y  on  muscle;  its  effect  on  the 
heart  and  urine  are  intermediate.  It  causes  very  little  central  stimula- 
tion. (Tliu  toxicity  of  theobromin  to  isolated  muscle  is  ij^  that  of  caffein 
(Veley  and  Walker,  1910).) 

Tht  pMarmatottigy  of  tkeobramin  was  first  invcsligatcd  by  Mitcherlich,  1859,  and 
funbci  by  Rlelinc,  i88fi.  It  was  used  c.ipcrimenljill}'  as  a  ijiiirrlic  by  von  Scnroeder, 
1887,  to  avoid  the  nupiXMsd  VMOconsIriclmn  of  »:;iffeio.  He  found  ii  efleciive  without 
chlanl;%nd  ihc  action  on  ixal  administration  eiienilcil  over  twenty  hours— prt»umably 
becsUM  its  io»olubility  caused  slow  alKorplion.  This  led  to  its  clinical  introduction 
by  Gram. 

The  Composition  of  the  Vrine. — von  Schroedcr,  1886,  showed  that  the 
urine  in  caffein  diuresis  is  more  diluted  (its  molecular  concentration  may 
fall  below  that  of  the  blood;  Dreser.  1S91):  but  that  the  absolute  quantity 
of  the  solids — urea  as  well  as  salts — is  increased.  Entirely  Mmilar  changes 
occur  in  other  forms  of  diuresis,  so  that  they  are  not  characteristic  of 
caffein,  and  throw  no  tight  on  its  actions.  The  urinary  protein  in  nephritis 
is  ordinarily  not  increaned. 

IMSefcnt  inveslieators  dlsigrce  as  to  irhich  of  the  solids  is  rnoat  increased,  the  talu 
(LcNoir  and  Comuii,  looj),  or  the  urea  (.\nten).  Preiumably  this  varies  with  circum. 
8Uace».  In  rabbits,  the  sails  may  be  increased  without  (Jliire&b  I  ICHlsuyama.  ig^S 
and  1901);  and  Uii*  may  also  occur  when  caScin  is  itiveii  iu  humim  diabetes  (K.  Meyer, 
190O.  On  the  other  hand,  Sctlci,  iQiz,  dcKribei  theophyllin  diuresis  with  liltic  change 
In  lAC  specific  Rnivlty  or  bollds.  Id  rabbila,  tfacophyfliu  iucreuscd  tlic  K  and  Na,  but 
noit  panllel  with  each  other  or  with  the  diuresis  (Rock.  kjii).  The  thiur'ut-rtiaialnt 
mttmrntm  \s  brokeu  down  in  rabblla  (Potolilcy,  looi;  t^ewi,  \vi),  but  nut  in  dogs  or 
■M  (SoUnunn.  njoi;  Itukirui.  1904:  Sollmann  and  HofmaQn.  igoj;  Soccone,  igii). 

SoBwiann  and  McComb,  iSijo,  found  that  catTein  did  nm  Increnac  n  physiologic 
■fiaiNJfliiriii  and  limcrtun.  iqoi.  saw  no  incrciisi:  u(  albumin  in  aculc  or  cliruniciiephritli 
under  theobromin.  I'ouchcl  and  Chevaliei,  1903,  claim  that  Urge  doses  o(  thcophylliu 
injure  the  glomerular  and  tubular  epithelium. 

Astolfani.  1005.  stul»  that  caftein,  in  common  with  other  diuretics,  IncrrtMt 
UfPttrU  acid  lyntheiii.  when  bcnxoic  odd  in  administered. 

Tkt  iteraiim  9}  mtU  la  not  affected  by  caifda  (Ott  and  Scott,  icti  1). 

Therapetitic  Use  of  Ditiretic  Action.— The  mclhyl-xanihin*  are  cm- 
ployed  mainly  tor  the  removal  of  cardiac  effusions.    The  diuresis  is  pro- 
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portionsl  lo  ihc  cFfuMon,  sets  in  promptly,  and  ceases  when  ibi 
withdrawn.  It  U  therefore  (-npi-ciuliy  u.ii^til  for  two  or  lUrvt  <U 
beginning  of  the  more  slowly  acting  but  more  pcrmanenL  digitalis  tn»t.- 
mcnt.  CafCein  is  the  leasl  active  of  ihe  series.  Ii  may  l»e  given  k  ll»« 
doses  of  0.3  Gm.  {5  grains)  of  dtrau-d  cafTein,  in  watery  solutions,  ihr^'*^ 
times  a  day,  but  Taylor  found  at.  least  0.5  Gm.,  four  tunes  daily,  ne 
!*ary  for  a  lull  effect. 

Thcobromin  {1  Gm.  or  15  grains  of  thcobromin-sodium-salicylate, 
diuretln,  in  water,  four  time!)  a  day)  has  the  advantage  of  pro<)ucine 
better  diuretic  effect  with  the  least  side  effects.  Taylor  found  llmt 
daily  dose  of  30  grains  produced  very  little  cRcct;  40  grains  a  moderil  _ 
diureiiis;  bul  Ho  grains  (5  Gm.)  were  required  lo  secure  the  marioium 
cfficicncj'.  Thii  tjuaniity,  when  divided  into  four  doses,  was  well  lolc- 
rated.  It  has  also  been  used  intravenously,  to  c.c.  of  5  (KT  cent.,  NcuhnI 
1913 ;  but  it  is  doubtful  whether  this  is  justified.  Theophyllin  (thcophjU'" 
sodium-acetate,  or  theocin)  is  Ihe  most  powerful,  but  has.  been  ch 
with  sometimes  cauune  renal  irritation.  11%  dose  is  0.3  Gm.  ^  5  \ 
three  limes  per  day,  administered  in  hot  tea. 

In  rtnal  or  bepatU  effusiom,  the  efTiciency  is  le»s  certain.  In  acute  or 
chronic  parenchymatous  nephritis,  there  is  often  no  rc!ii>onse  whalocr. 
while  chronic  interstitial  nephritis  usually  responds  (J.  Miller.  1911);  but 
unle**  the  <lusage  is  very  small  and  c;iref ull>'  watched,  the  toxic  sidr  ac- 
tions may  set  in.  and  the  renal  condition  grow  worse.  Theophyllin  »no  " 
th«>bromin  may  cau.se  renal  irritation;  it  would  therefore  be  belter  t* 
avoid  the  methyl  xanlhtri>  when  the  kidneys  are  acutely  irritated.  Ib 
anuria,  the  methyl  xanthins  are  generally  ineffective.  ClhriMian  cl  J-. 
1915,  stale  that  diuretics  are  generally  ineffective  in  chronic  ncphiiliS 
unless  there  is  edema.  They  would  tbcieforc  be  of  little  use  agsiw* 
nephritic  toxemia. 

Absorption,  Fate  and  Excretion.— Caffcin  is  readily  and  compWt*y 
absorbed:  nune  appears  in  the  fetes  even  after  large  doses.  Only  asMfl 
fraction  is  excreted  utuhangerl  in  the  urine.  This  excretion  starts  and  is 
mainly  completed  promptly,  but  traces  may  continue  lor  two  or  three  (ti)"* 
(Salanl  and  Rieger,  i(>i9).  \  somewhat  larger  fraction  loses  a  port  ^' 
its  methyl  groups,  and  appears  in  the  urine  as  di-  an*!  mono-nietli)^' 
xanthins.  It  is  not  known  whether  this  is  effected  bv oxidation  or  hydwl)** 
sis.  The  remainder — up  lo  80  per  cent, — is  completely  oxidiwd  lo  ufW- 
Practically  none  of  the  caffcin  is  converted  into  uric  acid  (which  t»  Urjoy 
the  fate  of  hypoxiinthin  and  of  xanihinl. 

Thcobromin  undergoes  changes  similar  to  caffcin,  but  a  larger  fracliC 
(.11  per  cent.)  escapes  decompo^tion.  The  greater  p«rt  leaves  as  beltw 
ximlhin. 

QiiiWiKiiitf  F.Kfflion.—Tbc  qunniity  of  caflein  wlucli  b  excreted  uncbuged  vum> 
with  the  UcMc  lad  with  different  animals,  bdiut  only  1  (tcr  cent,  in  caraivota,  leu  thu 
8  per  cent.  Ui  man,  and  b  to  to  per  cent.  In  rabbits  {ttaat,  1H95:  Salaai  aad  Rieitrt,  )f  1 1). 
Tnc  rclilive  quantity  of  tlic  vorioiu  mono-  and  dimelhyl-xaa^ins  aim  varie  io  diflcf' 
cnt  aiiimati.  rcpreMBltng  lo  104a  i>i-r  <unt.  of  tlic  cafEcin  (MImumm,  1^95;  Bondcjrnki 
ami  ('•otilieb,  1895,  KnicRer  and  Suhmidt).    The  literature  hu  been  MamwrixMbjr 
Blixh.  1006.    Toe  dcmctliylalion  U  relordcd  by  alcohol  (Snlknt  ami  Phdps.  igu)- 
Emory  and  SaUnl,  1909.  report  rxpcriments  on  the  decotn|Knitian  of  caffcin  in  the 
liver.    A  irac*  s(>pear«  in  the  ttomKch.  inlntines  and  in  the  bile  (Stisnt  and  Rintn). 
Tbe  Rutro-iatettinal  etcrcljon  in  hiichcr  when  the  kidneyv  arc  excited  fSalant  utd 
Rlrcer,  19*}}-    Thclouof  aacthyl  groups  occurs  in  pretty  much  all  organs  (].  Schmidt, 
1910), 
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Toxicology.— The  fatal  (lose  of  caffein  U  so  large  (presumably  about 
10  Gm.l,'  ihat  no  fatal  case  of  poisonint;  is  on  record;  but  tkists  above 
I  Gm.  may  produce  alarming  sympiomA,  and  even  therapeutic  doses  may 
cauM  unpleasant  side  actions. 

With  for^iT  iait3,  tlie  pulse  is  full  and  hard.  Quickened  or  »bwed,  with  palpitation 
and  procnidial  diiiUcu  (lometiincs  nnginnl  jiltiuiKt).  The  head  is  ocnw,  throbbiaj[, 
<xiQtu!«d;  ofitn  intense  licnditchc  nnd  gicai  Boxiety.  RmtietsneM  ana  cxdiBmeni. 
imoania  (soDietiina  mild  delirium,  uplinjia.  fever).  Vertigo,  nnuwn.  general  diicom- 
lort,  fatigue,  wckknes*  (Mimetimca  buining  in  ihc  ihmni,  ^irlc  dislf<^»,  ticu<  ll»»ilics, 
penfnralion,  insensible  pharyiw,  swollen  lon^guc.  riiij-iiig  m  the  ears,  flushes  in  eyia). 
Ttemon  of  jnws,  hand*  and  feet,  nnd  muscular  stiffnehs.  Qiiirkcncd.  embamuicd 
teifriratioR.     Incieased  miclurilion  (»omct{mc&  ardor  urinx  .tn<l  <-trrti<)n). 

In  *(ry  lertrt  (tuts,  there  is  vomilioK  (somelirnci  viulrni  diurrlien  and  teneimui); 
v^otcnt  choreic  tremor*.  Colkpsc,  with&muU,irrcgul.-irnnhythmicpul>e,  cold  extremi- 
ties, dilated  pupils .     Consciousness  is  u»iunlly  inlaii.  hul  tlicrc  dki.v  he  delirium. 

Tame  E^rtls  oh  Animiilt.- — The  s>inptonis  in  animals  tcirresjiond  fairly  to  lliose 
oh«ervod  in  man:  rcitlcRtncss  and  increased  rtllcxni;  inrrrikici!  rcipiratinn,  vomiling 
and  dtarfhcai  muscular  weakncfa.  Then:  clonic  or  trianjc  cunvulsiuns.  durinjt  which 
retpiration  may  stop,  with  or  without  riaumplion;  tihuuxion  and  increasing  paralysis; 
dMifc  in  one  to  four  hours.  The  fatal  dose  lies  about  0.15  dm.  per  kilogrnm.  Dogs 
and  cats  uv  somewhat  more  susceptible  than  rabbits  and  ituinra  pi^.  The  doK  by 
mouth  b  hut  little  \ntsei  thnn  the  intmvenous  dose,  except  in  rnbbits  (Salant  and 
RicgcT,  igio.  1 1]  1 2).  ^'oung  mice  are  more  trcini.int  ihnn  old.  The  cilcct^  in  birdi 
uvslmflar  (Brill);  \n  jtoii  they  arc  moditkd  by  ihv  unset  ol  riRur.  The  toxicity  is 
diminisbed  by  temperature  above  qS'T.  At  4;  I-',  the  muscular  effects  predominate; 
while  the  COnvuUioni  become  more  prominent  sa  the  tcmpernture  '«■  incrcaicd  (Salant, 
1013). 

Recevcry  is  usuaHv  complete  wilhin  a  day,  even  when  the  symptoms 
were  viotcnt.  Some  restlessness  iind  weakness  may  remain  for  a  time. 
It  is  claimed  (Kunkel)  that  large  therapeutic  doses  have  been  followed 
by  nephritic  urine,  but  on  the  other  hand,  daily  doses  of  1.15  Gm.  have 
often  been  Riven  without  detriment  (Becher,  1884).  Idiosyncrasy  toward 
caffcin  i$  marked,  as  every  one  knows.  Children  and  nervous  and  weak- 
ened individuals  appear  to  be  relatively  more  suscepUblc.  Overdoses 
should  Ik-  avoided,  especially  in  myocardtlis. 

Treatment — This  would  consist  in  evacuation  and  narcotics— bromid, 
alcohol,  chloral,  or  morphtn.  The  principal  indication  would  be  to  reas- 
sure the  patient. 

Theobromin  and  theophyllin,  in  excessive  doses  or  in  susceptible  in- 
dividuals, may  product  toxic  effects  similar  to  calTeiii:  headache,  nausea, 
voTniting,  epileptic  spasms,  albuminuria,  gastric  hemorrhage,  etc.  (Kobcrt, 
Schmiedcberg,  Seiferi).  These  nianifeMalions  are,  however,  rare.  In 
epileptic  patients,  large  doses  of  thcophyllin  are  said  to  have  produced 
altaclcs  (Schlesinger,  t<;o5).  Chevalier.  1Q14,  claims  that  some  commer- 
cial thcobromins  contain  toxic  impurities;  this  requires  more  confirmation. 


PHEPARATTONS^ — CAFPF.IN    fiROUP 

•  CtJJtiiM.  O.S.P.,  B.P,:  Caffein  (Tbein);  C,n,sN,0,  +  HA— A  lecbly  basic  alka. 
Md,  usually  prepaied  from  tea.  White,  'illty,  needle- crystals;  odorlcai;  bitter  taste. 
Sol.  io  water  (1:46)  and  in  ale.  (1:66).  ILs  loluhillty  in  water  l»  Kieatly  increased  1^ 
heat,  citric  odd.  benzoatei  or  tolicylate*.  bromids.  anlipyrin  nnd  it  number  of  other 
mubstaaces.  Iiwmpiiliblf  with  tannin.  Desf.  o.ij  Gm,,  li  nr.,  U.S.P.;  0.06  to  O.J 
tita..  t  lo  ;  Kt-.  B.P.;  in  capsules.     Maximum  do«e,  o.;  Gm.,  8  gt. 

•  Caffinn  Citrala  fCafflein,  ril.l,  US.P.;  (Caffrino'  Cilr.u.),  B.P-;  Citratcd  Cnftdn; 
CMSria  Citrate. — An  unstable  c»m]>uuod  of  uacomlnned  caffein  and  citric  Bdd.conlaininii 

•  Thv  dn«  nicr  la  pun  caff«n:  tto  e(BTMpein4in)[  dntn  of  illrktid  caHein  mnild  tie  t*i»  u 
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not  Icattfaan  48  percent. or  cafTein.  nniitrpowdcriOdcfflCMiaU^Uyl 
Ctnted  CuSirin  gWa  a  ckur  syrupy  Dolulii.'ii  with  s  Uttle  WsUr,  AalfiiLupmn*  00 
dilulion.  The  precipitate  cc<lissol\'ci  on  ihr  further  siddltlon  of  water,  ifae  wluhifily 
bring  about  1:32.  Incoinpalible  wilb  carbonalo.  Dost,  0.3  Gm.,  s  gr..  U.S.P,; 
0.11  to  0.6  Gm.,  1  to  to  gr.,  B.P.,  in  wulcr.  The  free  add  rendcre  thu  nntuitable  loc 
hypodermic  use-     M.islmum  doac,  i  Gm.,  iSgr- 

Ca/ciBu  CHrata  Effcnricrns  (Call.  Cll,  Eft.),  O.S.P.;  Caffeina  CUra$  Egtnactnt 
(CaRein,  Cil.  Efl.).  B.r.;  Effervescent  CaSeln  Citrate. — AgronulBted  mixtnfc  of  Sodium 
Bicarbonutc  and  Tartitric  and  Citric  Arid,  with  ttbout  I  per  erol.  of  Caffcin.  Dvn, 
4  (>m.,  t  diam.  U.S. I*.;  4  to  S  Gm,.  1  to  j  dramii.  H.I*. 

•  Cafffinir  Sodio-brmoas  {Caff.  Sod.  Beni.),  U.S.P.— A  rm]ilurc  of  nbout  jo  per  cent. 
cafFdn  wi<h  sodium  benzoatc.  A  while  iKiwdei;  odorleM  nnd  of  a  bit  1u,  aromiUc 
tKste.  Freely  sol.  in  water  (1:1.1).  sol.  in  ale.  (i:,)o).  jPm#,  0.3  Gm.,  s  gi..  by  laouth; 
hypodcTmic,  0.1  (im.,  3  gr.,  U.S.P.:  the  most  luitable  coropotiiid  for  bypodermk  lue. 
M&iirnuni  dose,  i  Gm.,  15  er. 

Tha^Tomina,  Thedbronun. — A  dimethyl  ^untliin  prrpared  from  Cacao  »ocd3  (Tboo- 
bromu  Cacao)  ot  synlheiicnlly.     Ver>'  slichlly  so!,  in  water, 

'  Theoliro'ainit  Smli'i-ialirylai  (Theobrom.  Sodio-Snl.).  U.S.P.;  Theahram.  it  Sod. 
SaiUyt.,  B.  P.;  Theobromin-iodium-?jilityla(e  (Dlurtlia). — Sodium  Theobromin 
(CjHiNiOjNii)  nnd  Sodium  SaUtylate.  in  appro limatrly  molecular  proportions.  Not 
ip««  th»n  4'i,5  per  cent,  of  Iheobrnmin.  \Vhile,  odorlett  powder;  sweetub  snline  and 
somewbat  alicaline  laate.  Freely  ^,  in  water  (1:1);  aliuhtly  sol.  in  ale.  It  Kradually 
nbuirlis  carbon  dioxid  from  the  air  with  the  liberation  of  Uicobromin,  becoRiin^  porliall^ 
insoluble  in  water.  It  must  therefore  be  proteried  against  exposure  to  tir,  and  U 
incompatible  with  acids;  ubo  with  chkital.  It  sbuuld  not  be  i;i\'ea  with  mealt,  to  avoid 
precipitation  by  the  gastric  add.  Do!t.  1  Gm.,  13  gr..  U.S.P.;  0.6  to  i.»  Gm.,  10  to  fo 
gr.,  K.P.;  well  dituled.     Solutions  do  not  beep. 

Other  Thrabtomin  Sails. — The  followinj;  ore  listed  in  N.N.R.,  but  have  no  »pedal 
advantage:  Sodio-ucctntc  l.-ljiifin);  Sotlio-lormate  {Tkeophorln). 

"  TkmphylHtia  (Theophyll.),  U.S.I'.;  Theophvllin  ( Dimethyl unthin.  Tboodn); 
CtH,N<0,  +  H(0.— While  crystalline  ponder;  odoilcs.*;  bltler  l»Mt.  Sol.  in  wal«r 
(t  :ioo)  and  nic.  (i:Ro).  Doi?,  0.34  Cm.,  4  (jr.,  It.S.P.,  three  limes  a  day,  in  warm  Ua. 
After  two  or  three  days,  it  should  be  rcplaceil  by  thcobromin. 

Tktophyllina  Sodio-,uflas,  N.N.K.  (Soluble  Theodn).— Conlalns  60  per  cenL  of 
the  alkaloid.     It  diuoUes  in  :j  parts  of  water. 

Cu'irana.  U.S.P. — A  dried  paste  cotijihting  chiefly  of  the  cnished  Metk  of  PaulUnia 
Cupana,  yielding  not  less  than  4  pet  cent,  of  caSein.     D^sr,  1  Gm.,  30  p..  U.S.P. 

Flititt.  Guaran.,  U.S.P.— 4  per  cent,  nf  Coffdn.     Dcst,  1  c.c,  jo  miium*,  U.S.P. 


CAFFEIN  BEVERAGES 

Caffcin  is  an  imporUnt  article  of  jHJpul.ir  consumption,  in  ihc  form  o( 
coffee,  tea,  and  other  bi-veragcs.  The  usual  per  capita  consumption  in 
the  Ij  niteii  Stairs  i.i  about  10  pound.4  of  cofli-e  atid  i  pound  of  lea  (Graliam. 
iQij).  A  cup  of  coffee  or  strong  tea  contains  about  0.1  Gm.  (i.'-j  grains) 
of  caffein.  It^  effects  are  somewbal  modified  by  the  associated  products 
(the  volatile  products  causing  more  psychic  stimulation,  the  tca-tanntn 
and  coffee  oil  deranging  digestion);  but  'essentially  the  actions  are  thow 
of  the  alkaloids.  They  consist  in  increased  mental  and  phj-sical  efficiency, 
psychical  stimulation,  comfort,  and  relief  from  muscular  and  mental  fatigue 
and  from  their  attendant  unpleasant  sensalion-s.  These  effects  may  Ix;  %-ery 
usciul  in  certain  conditions,  as  in  those  exposed  to  severe  hardship,  hunger, 
JaUgue,  etc.,  but  ordinarily  they  are  mere  luxuries — pleasant,  hut  super- 
fluous. They  may  do  no  harm  if  the  consumption  is  Kept  within  bounds; 
but  nervous  individuals,  who  are  the  most  apt  to  be  injure<l  by  caffein, 
are  most  likely  to  exceed  these  bounds.  The  bad  effects  arc  usually  not 
very  serious,  and  disap|H;ar  promjitly  if  the  habit  is  discontinued.  They 
consist  in  nervousness,  tremor,  palpitation,  insomnia,  headache,  and  dige*- 
live  disturbances. 

The  habiiuiil  consumption  of  caffein  confers  a  very  limited  tolerance. 
Its  withdrawal  docs  not  produce  any  marked  abstincncv  sv-mptoms. 
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Coffee  and  chocolate  an:  useful  Jiavors  and  extemporaneous  vehicles, 
especially  for  csstor  oil  and  cod  liver  nil. 

CtfM  (Caflea)  ciMuiUi  of  Ihe  dried  teed  of  Coffcft  Arabia,  RabUcca.  The  coa- 
stltutnli  of  tbc  "frecn  bcu"  ftte  Milcin,  [ai,  ooffulic  anil  chlorogsnic  ndit,  Mccbarosc, 
etcu  Tlw  cUonigc&ic  >cid  givca  a  green  color  with  iron,  »milar  lo  lanniii,  ind  in  its 
impute  form  it  vu  formerly  cMfled  "CoSeoianmk  mU,"  Gotti-r.  iqio.  has  found  tl  in 
■bout  100  pluita.  On  oxldatkin  It  yldiib  caflek  acid.  It  dtllen  from  tMinlna  in  that 
it  does  Bot  precipjtaie  jiniteuis,  and  is  therefore  cot  utiingcnt.  The  ptrunUff  ■>/ 
Mffrim  vuks  in  (iiilcrcoi  specimens  from  %  toi!^  per  cent.,  uiusUyutxiuc  i.iper<«nt. 
(Coesis).    It  ixisU  mainty  u  c&llein-potaiaiuin  cMoraveiuie  (Gortet,  tg^). 

1b  IM  jkoccm  oI  raaaint  (i.«.,  healing  the  »etd  to  100^  to  150*C.)  a  Amiill  amouct  of 
E*il«fai  h  volaliUMd;  but  ^uec  about  to  per  cent,  of  water  ia  driveQ  oS,  the  percentage 
a(  cmBctn  is  KtiuDy  a  trifle  higber  (i.is  per  cent.].  Tlie  main  dumre  la  routing  con- 
ikca  la  ibe  prodtxtlon  of  uomatic,  brou-n  and  oily  products.  Tnls  oil  {Cage«t  or 
Cd^Mo],  according  lo  Erdmann,  looj,  and  Graft,  iqii,  consists  ol  50  per  cent,  of  fur- 
Iml  akfffc'^i  and  unall  ouantitiei  o[  valcri^tnic  ucid.  iibcmil,  pytidin,  and  a  nitrogenous 
arotnalic  Mbstaoce.    It  la  ptobabl^  dcnvod  mainly  Iriini  Ihc  necnkrlluloM. 

Tki  hnaa^t,  tafetj  is  a  decoction  mode  with  6  to  10  per  cent,  of  the  drug,  rmc- 
ticaXty  Ibc  entire  ckffcin  (pethapt  ^0)  is  thun  exlraclrd;  ko  Il)at  a  cup  of  ttrong  coflee, 
pnparcrifroro  ij  to  t;  Km.,  cootaiiuabouta.i  too.iigrn.  nf  ihc  alkaloid. 

TIk  Hse  o(  coffee  aroie  in  Arotna  and  Enpt  about  ihn  middle  of  the  fifteenth  cen- 
tsy.  Coffee  and  tea  were  introduced  Into  Europe  about  tlie  la.ii  quarter  »f  the  Mvcn- 
Uenth  nntury,  about  the  tame  time  lu  the  potato,  cinchona,  tobacco  and  chocolate. 

Action  oi  Coflee  OU. — The  volatile  aromatic  lOiLsticuents  produce 

I  briution  and  rcdci  stimulation,  in  the  same  manner  as  the  condi- 

nls.    The  hot  water  contributea  lo  this  effect;  and  possibly  the  greater 

ijiity  induced  by  the  calTcin  heightens  the  reflex  response  (Sehmicdc- 

Wt).   The  local  irrilalion  stimulatcn  periAtalsus,  and  mth  excessive  use, 

tBTO  lo  ncr^'ous  dyspepsia.    It  is  doubtful  whether  the  quanUlies  token 

a  tkc  beverage  Ciiu*e  any  direct  central  stinnilation. 

VUrfm,  Rorer,  and  Rdcheit  could  not  obtain  anj'  cfiecis  with  coffee  dlstillalei. 
J-LAauin,  ArchancebLy,  Hare  and  Marshall,  and  Erdmann  found,  with  itnoB  dotal 
nawl  uimltlalion;  incr«u>ed  rninrntioo;  inctcued  heart  rjilc,  but  fall  1^  blood  pces- 
NRiOMKular  rc»t]ewneH;in*oniniii;  iicrsplralion;  con)(e«tion.  L«rtfd«us!  increased 
Wttibbafid  defecation;  ilepreaiionot  retipiration  and  heart;  fall  of  blood  pmsureand 
l'>f>tUBi«;  paralytic  phenomena. 

^bi  inlravenotu  injceilon  of  codec  Is  more  toilc  than  the  corresponding  caffela. 

nhfaomttmablydoe  lo  the  potassium  (Auben).     By  mouth,  liowevcr,  the  potawium 

|(^4  Ulb  KCI  in  10  Gm.  coSec)  is  not  sufficient  to  produce  any  effect. 

^ftts/iJiulfid  (^I'l^iv  doc«  not  produce  the  cortUac  or  diuretic  effects  of  coflee  or  cafiein 

|M  aBd   TiSeneau,    ion).    The  caSeln-eontent   of  cammcrcLsJ  decaffeinated 

tud  other  codec  subs ti lute*  is  given  by  Blrect,  1916. 

r.  ^  IHea|  cunsltts  of  the  dried  lcave«  of  Thca  sinentit,  Thcsccc.    ContliliMiHi: 

|mia(i^  to  j.jpercent..  mii»lly  1  !».;  prr<cnt.}:  tannin  (10  to^opercent.):  ImcaS 

ilWiTMnin,  tnei>pbylliQ.  lanihin,  xdcnin.  and  \'olatilc  oiL    'Ine  black  and  grMtn 

uAfereolviQlbe  treatment  to  uhich  the  leaves  are  subjected — a  fermentation  with 

■  UKk  vaiKty,  which  mainly  alten  the  color  and  flavor;  tlie  irceii  tea  Is  rather  more 

^  k  voblilc  oil.    The  beverage  li  a  i  to  4  per  cent,  infusion.    A  cup  of  stronic  tea 

il  from  5  Om.  of  h-Avei,  contains  about  o.i  Gm.  of  cafl«n  (Aubeit).    A  ([uick 

leitixcia  practically  all  tlic  oidein,  but  only  a  part  of  the  /anafn  (which  Is  espe- 

f  •hundaat  In  the  liner  sorts).    The  ctisIomar\'  brief  infusion  is  therefore  commeod- 

k^Iace  the  tannin  Is  dcleteriou*  to  d^lion,  by  prcclpiuting  protdns  and  alban- 

>.  by  leawnins  absorpllon.  and  b>'  irrilatine  the  Kantrlc  mucoM. 

lb  lt*^UliSue  U  credited  by  Archangebky  niih  actions  sinular  to  those  of  calTeol. 

on  aad  Tendlau  found  It  inacilvc. 

Uh  (KoU,  the  seed  in  Cob  acuminata,  Sicrcullanip).— This  is  used  eiicnidvely 

FAtaallvea  of  Aftfca,  the  fresh  and  often  getmltiatcd  seed  baog  chewed.    The  dricil 

4.  •tkh  hat  been  inlriMlucnt  aa  a  popular  "  Ionic,"  conlalnt  caffein  (i  ^  to  j*)  per 

■  wutUy  i^i  per  cent. ):  tbeobromin  (Vie  per  cent.),  Lunnin  (Kob  red);  fat.tugar, 

b  Ibr  fnah  nut,  the  caffein  ■>  comUiMd  with  «  f  lDni«Idal  tasBln  <"  Kolatin,"  tlori*. 
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1907).    ThU  (impound,  which  wm  lonncrly  lermed  "KoUnin,"  u  partly  <l««iBpo««d* 
in  dr)'iDj|;.  by  an  oxitlase,  inUi  free  caffein,  kIucuk,  and  Kola  tm  (Cfae^'rotia  and 
Vljilf,  >907). 

Guarana.^A  dried  paste,  prfiiarcil  bv  the  Indians  of  South  Arncrk^.consUU  chiefly 
of  ihc  dried  and  pounilird  seed  o(  l'aulLiiii;i  tupuna,  Sapindacur.  Il  conUiiiB  4  to  5 
per  c«Dt-  of  caQcm,  tnnnin,  etc.  Hat^  iPamguiiy  tea)  cooiittt  of  the  leaves  of  ttn 
Ewniguay«n>Ia>  It  contaliu  0.13  to  i.Ss  per  cent,  collcln  {t  per  cent.,  Bertram]  and 
Devuyst,  191a),  10  ta  16  per  ceo).  oF  tannin,  etc.  It  a  used  in  South  Amerka  for 
prcpiiKiig  n  beverage. 

Cacao  is  cunsurncd  KiicnKivcly  m  a  beverage  and  Ln  the  form  of  chocolate.    (Tho 
latter  is  a  mixturi;  of  mdtcd  cacao  and  sugur.  often  with  the  addition  of  Ijavon,  iIatcI^i 
Mc).    It  contains  theobromin.  instead  of  caficin,  .tnd  therefore  acti  leu  oa  the  ncrvaw' 
system.     It  is  uls4  rich  in  fat,  which  is  nutrient.     A  pari  (iibuut  half)  at  Ihb  fat  (Olcun 
Theobromntis  or  Cacao  Builer)  has  been  removed  from  the  commcrdal  powdered  cacao. 

The  name  C.tr^to  should  not  be  cunfni^ed  with  Cocon.  (the  palm  yicldlojc  the  cocoa 
nut),  nor  with  Coca,  the  source  of  cocain. 

Cacao  consists  of  the  fermented,  dried  and  often  roasted  .seeds  of  ThMbroma  Ciuat, 
SttrCuliacejE.  Constituents:  Thcobri>itiin  (i  \-i  to  4V3  per  cent.,  usually  t^i  per  cent.); 
a  trace  of  caffein;  jo  per  cent,  of  fat;  alarcb.  (aniuD,  tic.  The  thcubrotnln  i*  liberaira 
from  a  glucosid  during  the  fermentation. 

The  fHl  is  genecdly  considered  rather  indigcittble,  but  Neumann,  1906,  thoired 
that  it  is  digcslL'd  as  well  as  other  fat;. 

Chicory. — The  roasted  root  of  this  plant  is  used  a>  an  adulterant  and  subatitute 
(or  coITl-c.  It  probably  contains  similar  cmpyreumattc  substances,  but  no  caffeia. 
Schmiedebcrg.  1911,  considers  it  a  liaimlois  stimulant,  stomachic  and  antlMptic; 
while  Hoiwith,  iqoS.  bdicxi^  it  liable  to  disturb  digestion.  Still  leaa  U  known  aboat 
roasted  mj^lt  <ind  other  cereals  which  arc  used  as  coffee  subttitutes. 

Phenomena  of  Chronic  CAffein  Poisoning.— Theae  have  been  descrihed 
most  commonly  in  excessive  tea  drinkers,  A  good  anul^'Sis  of  the  effect* 
is  given  by  Bullard,  1S86.  The  first  symptoms  arc  usually  dysprptk — 
epigastric  unaisincss  after  meals.,  and  a  general  lowering  of  the  mcnuJ  1 
and  physical  tone.  This  is  succeeded  by  rcstlcssnr^s  aittl  iwmiiM  extita- 
bilily,  tremors,  and  disturbed  sleep,  soon  followed  by  anorexia  and  by 
headache,  vertigo,  confusion.  Constipation  is  very  common,  but  not 
more  so  than  in  individuals  who  arc  nut  .addicted  to  tea.  Paipilalion, 
generally  associated  with  irregulfirity,  becomes  distressing,  and  is  often 
accompanied  by  dyspnea.  In  the  severer  cases,  these  symptoms  become 
aggravated  and  continuous.  Neuralgia,  sensory  and  h\'^tcncal  disturb- 
ances arc  common,  but  it  is  not  easy  lo  say  whether  these  are  the  cause  or 
effects  of  the  caffein  habit.  Children  who  drank  coffee  were  found  by 
Taylor.  1912,  to  average  below  the  normal  weight,  height  and  strength. 

The  quantity  of  lea  required  to  develop  these  symploms  varies  greatly  with  the 
individual.     The  daily  average  consumption  of  RuUard's  putienti  wa«  five  cunt,  which  1 
corresponds  lo  about  q/>  Cm.  or  S  grains  of  caflein.    The  susceptibility  Is  much  Ktcat«r  ' 

in  yi.>uth.  anemia,  weakness,  insufficient  food,  cihauiiion,  and  in  "nervous"  iodividuab. 

Differences  between  Tea,  Coffee  and  Cacao. — The  effects  of  excessive 
coSee  consumption  differ  only  in  minor  details  from  tea;  whilst  lea  tends 
to  constipation,  coffee  is  laxative.  Both  interfere  with  digestion,  but  in 
different  ways:  the  coffee  through  the  irritant  effects  of  its  volatile  oil; 
the  Itra  through  the  coagulant  action  of  the  tannin.  It  may  therefore  be 
observed  that  different  individuals  arc  more  injured  by  one  or  the  other. 
The  caffein  itself  prokibly  contribules  lo  ihe  digestive  derangement, 
through  ils  vasodilator  action.  This  may  account  for  the  common  tend- 
ency to  hemorrhoid.*.  Cacao  may  disturb  the  digestion  ihrough  it*  rich- 
ness in  fat,  but  Ihc  other  symptoms  are  not  common;  partly  because  there 
is  less  inclination  to  iu  excessive  use. 

The  acute  effects  on  digestion  dccccvc  epccial  mention.  Cu«hny  Ktatct  that  coilec 
and  le*  retard  ihr  jiiti<jn  ol  the /iTmMl:i  considerably  (in  te^|.lube  exiwriment^,  whilst 


ca0«in  lli^tly  acoderstes  the  fiction.  The  Mcrclion  of  saslTk  juiec  hn.t  bc*n  invMlt- 
galed  bv  rincusuhn,  iQof>,  using  dogs  wilh  the  I'uwlow  gastric  pouch.  Codec  g^ve 
«  cotiaiaetable  but  briel  iiitroiic  o£  quantity  and  acitiiiy.  "Malt  toflcc"  (the  tj-pcof 
tbe  ooffec  »ub*litutts  preparrd  by  raaiUn^  ccrmli)  ha»  a  idmilnr,  but  weaker  uttlon. 
Tea  and  or^linaty  tutuo  dctrcajr  ihc  srciclion;  bill  cacao  In  which  Ih*  fat  has  been  rt- 
duec'l  I'l  1  S  fvi  cent,  ciubci  sumi;  intreaw. 

Chronic  Caffdn  Poisoning  in  Animals. — ^Salant  nnd  Ricger,  tQto,  fniind  ihfit  the 
continued  idmlaifittnlion  of  dnscs  which  did  not  cause  acute  effects,  evenlually  pro- 
duced cmacialjun,  often  ending  in  death.  The  itomuch  and,  to  a  leu  degree,  the  lntc»- 
line  ahowed  inflaramatorj-  changes. 

<>n  Ihr  other  hand,  Ihey  found  that  habituation  incrcasicd  the  lolerance  to  acute 
pouooing,  the  fatal  dote  hrini:  i  >  to  ?o  per  c«nt.  Lirger  than  ordinary,  (•ourewilsch, 
1907.  alM  claims  a  "histogcnctic"  hnbitunlion. 

Hk«  kept  continuously  under  cuSein  were  found  to  exhibit  Ices  than  the  nonnal 
activity,  but  showed  a  notmal  gain  in  weight  [Xico,  iQii). 


THE  MORPHIW  GROUP 

Members-^Tlie  morphin  group  comprises  opium  and  most  o(  its 
alkaloids:  Morphin,  codm,  narcotin,  papavmn;  also  the  esters  formed 
by  replacing  the  H  of  one  or  both  of  the  hydroxyls  of  morphin :  Methyl 
morpDiti  (codcin);  diatctyl  morphin  (heroin);  ethyl  morphin  (dionin),  etc. 
These  resemble  each  other  in  their  pharmacologic  actions,  but  present 
minor  diSercncf?  which  are  of  practical  signifitance.  Since  morphin  is 
the  mo5t  important  member,  it  will  be  considered  first. 

Centnl  Ifer^oiis  S}rstein. — The  most  important  actions  of  morphin 
arc  on  the  central  nervous  system.  It  depresses  the  brain,  especially  its 
higher  functions.  The  mednUary  centt^rs  are  first  stimulated,  then  de- 
pressed. The  reflexes  and  the  spinal  functions  are  mainly  stimulated. 
The  elTecLs  are  br()adly  identical  in  all  vertebrate  animals,  although  the 
dosage  varies  greatly,  and  the  symptoms  show  considerable  differences  in 
the  relative  prominence  of  ccrta.in  phenomena  andin  the  time  required  to 
produce  the  successive  actions. 

Xarcotic  Aeiion. — The  descending  <lcpres.sant  action  of  morphin  is  well 
jiluittfaled  by  the  frog,  in  which  the  development  of  the  symptoms  corre- 
sponds very  closely  to  those  produced  by  progressive  removal  ot  the  brain. 
This  U  al.w  the  general  cuurse  in  mammals;  but  wilh  these  the  symptoms 
arc  more  confused.  The  difference  is  explained  by  the  more  rapid  action 
of  the  drug,  an<I  by  the  more  intimate  correlation  of  the  nervous  centers, 

E0«tt  of  Morfhin  on  Frogs. — After  do»es  ot  30  to  50  tag.  the  symptoms  *tart  with 
diminutiua,  and  then  abi^cnce,  nf  voluntary  movcroi^nls,  but  thi!  uniniai  tcacIK  normally 
nhca  ttiinulatcd.  (This  cortAponds  to  ablaliou  of  the  hemiiphctrs.)  The  (roK  sits 
qoktly  )a  (he  normal  position:  he  will  dimb  up  an  inclined  plane  iind  give  the  Lroiiking 
rcSca  when  stroked.  Wtii-n  placed  in  a  tiinib1<.-r  ti1lc'<l  u'iih  water  and  inverlec!  in  a 
f  laryt  vaMd  of  water,  it  will  leave  the  Klass  to  »Hk  the  air,  .\?  iKe  Tiarco^is  dri-pcns, 
fit  w31  rmuin  under  the  glnaa.  Placed  on  the  tabic,  its  lenp!!  bLtumc  mure  atid  mora 
daouy,  and  it  doc*  not  avoid  abRtaclca  In  jumping  (cnnc-jmndinj;  to  e^ciiion  of  the 
corpoca  quadriKcntina).  Then  the  animal  fails  to  leap  even  when  »timulalrd  (pnratvui 
of  cerebellum^  but  when  turned  on  it*  bocli,  it  will  resume  its  normal  sittinic  positfuo. 
TWt  reaction  alM  b«i>niC5  more  and  more  delayed,  and  can  he  obtnined  only  by  rein- 
forcing the  stimulation  throuKh  pinchlnic,  etc..  until  finally  it  fHiU  slIUKCthcr  (par><l,vMS 
o(  medulla  oUoagata).  The  rc3excs  arc  weakened,  but  prcdcnt.  The  rcipirullun  is 
decmued. 

ileffhim  Tttanus  in  Froti. — After  the  frojc  has  remained  In  this  depressed  condition 
fbr  aojne  time  (a  (cw  minutes  to  !<vcnil  hours;  the  shorter,  llic  latgcr  the  dose),  the 
Kapiration  broomc  i;pa'imi>dir,  resembling  superficially  the  (^heyncSloko  type;  then 
tbe  spinal  reAeics  return:  and  the  froK  posses  gradually  into  a  tetanus  of  the  strychnin 
type,  located  In  the  ipin.il  cotd.    The  delayed  appearand:  of  tbia  tctantia  b  due  to  tbe 
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tlov  atMorptiou  of  the  effective  doM,  for  li  ^peara  at  OBoe  CO  intTaveaow  it 
(Stockman,  :89t).  The  convulaion*  occur  moic  promptly  if  Ibe  heut  b  tied  ea  IG> 
tos  uod  Melticr.  iqii).  presumably  bccauw  tliu»  more  of  the  vnorpUn  rcuba  I 
nervous  oxii  (Abel,  igi  i).  The  onset  it.  aha  hiulened.  and  the  necesaoiy  dose  itdiUfJ. 
by  cold,  and  bv  removal  of  the  cerebrum,  which  inhibita  coovulnoot.  Hie  tcMillf  ft 
moieiirompt  if  the  medulla  is  not  destroyed  (Clthrns,  1913). 

McGuigan  and  Rom,  1915.  6nd  that  the  previous  injectioa  of  aorphin  wasilin> 
IfOlt*  10  nrytlinln,  so  that  strjchoin  Iclnnut  develop*  more  quicltl)- — pros-ided  dtti  1 
Ltvnl  period  of  one-halt  to  two  huun  elupit-i  betHTcn  the  moiphln  and  iuythidi 
injccllonK.  They  believe  that  the  tctonizins  action  b  due  to  an  oxidatioa  pfodncief 
morpliin.  unce  an  artiiiiilHlly  uiidizcd  morphin  tetaniM*  more  rapidly.  Along  thtuo* 
lines,  they  explain  the  usunl  absence  of  tetanus  in  mominah  by  """—'■e  rapjd  Mnc- 
tionof  the  tetnnUIng  fiub«lance.     The  cxplncnlion  involvca  toi&c  unprovea  ■tsunptin. 

Dtaih. — The  letanus  is  mixed  with  puralytie  phcnumena,  the  animal  lyin^  uxb- 
tween  the  spasms.  Eventuallv  the  paralysit  become*  permaneot  and  ends  in  <]aiL 
The  keart  la  still  beating  at  this  st jgc  and  U  iixlecd  little  affected  dirocily.  Dcatli  aay 
also  occur  during  a  aimsm.  The  convutalve  static  may  be  abocnt  with  very  large  a 
\'ery  small  data. 

Ritavfty/.-  If  Tccnvcry  occun,  the  dniTeucd  functions  recover  in  inverse  order  I 
their  appcuruncc  |\Viikuw(,ki.  iH;;,  This  pHficr  ulso  gives  the  older  bIbUasnphyJ 
the  eipetimenlol  u-ork  with  morphin). 

ImcrUbraUs  do  not  show  typical  morphin  cAccts. 

Narcotic  Symptoms  in  Human  Subjects. — The  first  effect,  produ 
by  (loses  loo  smull  lo  tlicii  any  olta-r  symptoms  (5  mg.).  consists  in  dis 
isned  sensibility  lo  lasting  impressions;  especially  sucn  as  gi\x  rise  to  pain, 
coufih,  finiguc,  hunger,  discomforl,  a»d  other  disagreeaMe  sensations. 
Somewhat  larger  doses  (10  mg.  or  more)  depress  the  attention  and  I* 
wealten  tlie  apprcciulion  of  otlier  external  iinpresMoiis.  A  sudden  %timt 
may  evoke  a  normal  or  exaggerated  reflex  rcsjmnse;  there  is  even  inc 
acuteness  of  perception  of  external  imprcisions  (Kracpelin,  t&Qi); 
ftrsistetU  or  gradual  stimuli  art  neglected.  The  stimuli  are  evMeotly 
transmitted  to  the  brain,  but  do  not  fix  the  attention.  The  facultina 
concentration,  of  judgment  and  of  memorizing  (Wcygandt,  1003)  wciU 
seriously  disturbed,  conRlituling  a  narcosis.'  Through  this  exclusion  «< 
cxterrtal  stimuli,  the  patient  is  quieted,  and  then  passes  through  a  droni)', 
apathetic,  drowsy  slate,  into  natural  sleep.  Exceptionally,  the  dislurbed 
balance  of  the  brain  Itatb  to  cscilement  (especially  in  cau)  and  even  (^ 
delirium. 

Larger  thses  cause  a'much  more  exten^ve  depression,  the  sleep  b««i 
ing  so  profound  ihat  the  patient  can  be  aroused  only  incompletely 
with  difficulty.     Eventually  the  coma  and  insensibility  are  complete- 
Relative  Analgesic  Action  of  Opitim  Alkaloids.— M'or(>hin  is  de  " 
the  strongest  h>'pnotic  and  analgesic  member  of  the  group. 

Anclffic  F-xfrrlminUtn  Man. — Macht,lleniuin  and  Levy,  tgi6,  bawl 
the  influeDi:e  011  the  Kiuory  threshold  by  a  <|uanlitative  meuod.    Tbc^  Kod  lh(  1 
dency  highest  with  morphin;  then  comes  papavcrb;  then  oodcJii;  narcotm,  n«n»si 
thebaia  arc  practically  not  analpak.    However,  narcotln  has  a  coatjderable  1 
tialinf  action  on  morphin. 

With  h)-podermic  injection,  5  rag.  of  marpkin  poroduced  do  meawiablc 
cllcci;  witli  10  m|{.,  the  annlitnla  was  marknl  in  tnv  SUbjecU;  the  third  rtspoB 
hyperesthesia,  npcdully  to  larger  doses,  although  all  the  otber  Euuooik  eflecta  ' 
present.    With  <odriii.  so  to  35  mg.,  the  aaalge^  was  only  slight;  with  M  - 
4om][.,  it  waiaiilrangn<.a-ith  lomg.nf  morphin.  but  Rloweruid  shorter;  aitnM 
8  ing.  was  inr-llective:  lo  lo  40  mg.  pnrclucett  &rsl  some  hypeerxdtabflity;  tbeo 
anolgeda.    Noroein  and  thebnin.  10  mg..  were  ineffective.    With  a  mixture  o(  < 
parts  of  morphin  and  narcotlo,  contalnuig  s^  mg-.  the  analgCMa  was  almost  as  1 

'  JVarcoMii  an  wtaUnni  ahich  hav*  (h«  proparty  tl  ttiipt(yina:  Opium.  *lio^l,  caa 
atropin  sna  vnniUr  dmic^ 
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wHb  lo  TDK-  oi  morphin  alone, 
who  tcalsted  morpbio. 


Tbih  cumbiiuiiiuD  wiu  also  eSective  in  the  subject 


Excitant  Effects  in  Man.^Somc  Eastern  races,  especially  the  Malays, 
as  also  some  Individuals  of  other  races,  parLJcularly  women,  are  apparently 
more  excited  than  depressed  by  morphin.  This  also  can  be  explained  by 
diminiiihed  restraint,  rather  than  by  direct  slimulaiion.  The  same  ex- 
planation probably  holds  true  also  for  the  flights  of  imagination  which  Iill 
the  perioil  preceding  ihi:  sleep. 

Effects  of  the  Other  Members  of  the  Group. — Codein  and  diacetyl- 
nKwphin  are  less  quieting,  and  perhaps  more  e-tcitant  and  convulsant  than 
morphin.  Codein  docs  not  inhibit,  but  rather  increases  the  convuUionsof 
camphor,  etc.  O^iuschke  and  Masslow,  tgi^). 

JmttfaMtiaa, — It  Is  sclf-evidcat  that  no  uncestminnl  inmKination  will  Uke  veiy 
(Efferent  ducciiaos,  according  to  the  individual.  In  >omc  it  will  tend  directly  to  ileep; 
in  otbcra,  it  taay  eetn  prrwnl  iUrp;  in  w>itic  it  will  in:  liltthly  utiplrnsunl,  whilst  othcn 
will  Mck  to  notaX  Um  exprricncc  and  thui  Call  vasy  viclims  to  Ihi-  morpbiii  hiibil.  The 
«firtdUiac  etttts,  which  occur  la  some,  and  the  nnnphtodi^iRC  action  in  othen,  drpend 
ofiao  tlib  acSoQ  on  the  imaginalTon. 

flf«cU  Smum. — ThcM  are  not  uFTi-cted  directly.  They  may  anpear  dUturhed 
thnngb  ihc  impaired  uHmiion,  or  through  the  heightened  (eflci  irritacility. 

SriBpIamB  la  the  Lower  ManunoU. — The  rflrct^  nrr  alnicist  purelv  dcprcwtint 
(apathy,  stupor,  analjceiiii.  sleep  and  coma)  in  llle  duK.  rabbit,  guinea  piK.  white  TAt, 
■ouse  and  jpnrtow.  The  acute  rcflcxc*  jic  heightened,  but  lirm  preMure.  which  would 
be  much  more  painful  in  normal  nnimnK,  rlirils  no  rcspi~>n«r.  f)at:<  exhibit  n  peculiar 
dwnsiBCW  and  tncoiitdination  in  their  voiuotaiy  muvemvnti.  They  stand  and  walk. 
•aMen^fy,  and  often  drug  thdr  bind  legx  ("llyenoid  walk"  CI.  liernard).  Theite 
OHMor  lynptoau  rcnrmhlc  those  nf  »b)fttIon  of  the  nii>tnr  B.na».  On  the  other  hand, 
one  ofUA  Wes  convutsiuos,  Irctnurs  or  chJoreiForm  twitchiniri  of  the  limbs,  'Die  ft- 
<ilMlily  gt tin  motor  areat  to  electric  stimulation  11  not  nlteted  even  l)y  the  larueM  dosM 
(B>*^>  to73).  The  mpiratlon  may  at  firfttbc  very  rapid,  but  is  c^'entua.lly  dcpreued. 
Vondtm^  aiM  defecation  occur  early. 

U  the  r>tJ  (and  alio  with  Ihc  hor*e,  ass,  beef,  Rhcrp,  pig  and  goat  and  lometimes  in 
4aD)  the  cimi,i  If  prfctilf4  Ay  marf  or  Ufs  rxfiltmrnl.  The  cat  parliculsrly  exhibits  a 
nnt  auaia,  r^yn  about  ai  if  in  extreme  terror,  with  prominent  eyes  and  wlrtely 
0>l«d  pupib,  scratching  and  c!an-ing  wildly.  Sometimes  there  arc  even  convulsions. 
Thw  tymptonn  have  bffn  inlf-rpreled  as  stimulation.  In  fact,  however,  Ihc  psychic 
'■Ktioniare  dq)rrsM'd;  the  aiiinud  dues  not  avtid  obstudes  in  iti  career;  marked  anal- 
ffM  h  present.  The  exdtcRient  in  aopaready  due  raainlv  ti>  terror,  to  which  the 
KMm OMttributc*  peatly,  »nd  which  U'not  Inhibited  by  the  normal  reitrLuning  im- 
polw  (Am  Ihcw  are  dulled  by  morphin).  Tlie  excitant  effect  uu  cats  is  also  produced 
by  ndcia  and  thebain;  whilit  pamvcrin  and  naicein  are  mainly  deprevsaut  (G.  H. 

WoliK  ToxUily  jut  ni/frrrni  /I  "tinw/i.— The  tolerance  [or  morpliin  differ*  remark- 
ably- Man  i%  by  far  the  most  luiceplible,  the  fntal  dote  man  for  being  no  greater  than 
'^l,»«frirtd  for  a  frog  of  but  tiooo  the  wciBhl.  rigconi,  gO!il«,  rabbits  nnd  pi|tl 
■vivciHtily  100  tlinra  the  hunun  doM,  per  kilogram;  dugs  and  cat£  about  15  tiine«; 
MtMiadcow  two  to  four  times. 

Jteifdntory  Center. — Morphin  and  its  derivatives  depress  the  cxcita- 
jfli^  of  the  respiratory  center.  The  spontaneous  rhvlhm  and  the 
'  TC^nnse  to  asphyxia,  and  to  reflexes  are  all  lowered,  'there  U  also  a 
martd  decrease  of  the  cough  rctiex;  thi.*  action  probably  involving  a 
poaevkat  different  mechaniain  and  depending  partly  on  the  analgc^c 
etbcL 

Voy  minute  doses  (i  mg.  of  morphin  for  man)  lessen  the  cough  reflex 
withvat  producing  any  other  noticeable  change.  Somewhat  larger,  but 
still  non-oarcotic  doees  (3  to  15  mg.  of  morphin),  diminish  the  excitability 
for  carbon  dioxid,  and  lo  a  lc*ser  degree  for  other  afferent  impulse?  (Y. 
Henderjon  and  Scarbrough,  1910).    The  threshold  to  COi  i*  raised  (Hig- 
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gins  and  Means,  191 5).  The  rcspiiutory  ralo  may  be  slowed  (Cschcidlcn, 
1S69},  or  slightly  quickened  (Higs'"*^"^'  Means.,  1915).  With  the  smaller 
of  iliese  doses,  the  depth  and  efficiency  of  the  respiration  is  somewhat 
increased,  especially  if  it  has  been  superficial.     Dj'spneic  respinttion  i» 

3u!eted,  and  "air  hunger"  relieved.  To.dc  doses  cause  very  marked 
ecreasc  of  excitability,  rate,  depth,  and  dTicicocy;  periodic  respiration 
(Filehne;  Barbour,  1914),  reaembUng  the  " Cheync-Stokes  t>'pc"  (Fig.  8); 
and  finally  arrest  of  respiration,  before  the  heart  is  seriously  injured. 

Codeii),  heroin,  and  all  other  morphin  derivatives  produce  the  same 
effects  (Issekutx,  1911). 

Codein  has  the  material  advantage  of  relative  freedom  from  undcMr- 
able  side  action  and  is  therefore  preferable  in  couRh.  Heroin  has  no  real 
advantage;  it  is  at  least  us  liable  as  morphin  to  induce  habit  formaiton; 
and  it  is  much  more  toxic  Cflarnack,  1899).  Morphin  is  much  more 
effective  than  its  derivatives  in  quieting  dyspnea. 


Fii^  A.— C1iflyn«-3toka  respiration  (HCK  pmconind^  Hofl. 


Some  o(  the  minor  opium  alkaloids  stimulate  the  respiratory  center; 
so  that  opium  is  rather  iei>s  depressant  to  the  respiration  than  would  be 
expected  from  its  morphin  content  (Macht,  1915). 

Rale  and  Depth  of  Res  firatiott. — Tlu;  effect  oF  morphin,  sta  uf  mostdnici  ui:tin$on  the 
r«piratDry  center,  is  miuniy  on  the  r*lc.  With  small  dojcs,  the  depth  is  aHecied  only 
Mwndarily, namdy,  increu^cJ  in  the  attempt  to  cotiijicnuilc  for  tbc  tlowcd  ntc,  npt- 
cLilly  if  the  respiraliun  was  previuu^y  superficiut  (Iwkulz.  iQtl).  lie  effects,  tbcrr- 
tore,  rc^mbtc  [hoKof  section  of  both  vngi:  this  suggott  that  ^e  effect  might  be  dt)c  to 
blinking  of  the  n<>rm»1  jiugmciilur  vagus  UDpubetTbut  this  b  not  the  corrvcl  exphu- 
lioii,  for  morphm  does  not  block  the  response  to  electric  alimulation  of  the  van,  aikd  it 
also  causes  a  further  slowing  nftcr  hoth  vagi  have  been  divided  (Cuthny,  iQii). 

In  the  dog,  the  hypodermic  iriicclion  of  morphin  firslcjiuws  a  quickening  ol  lespin- 
tion  (pcrhspi  ihntugh  nausea)  fulloivcd  in  <iftccn  minuter  by  the  typical  ilowing  (>la)'ac. 
tQoS}.  In  ihe/rojt,  ihcslowitig  is  succeeded  byqutckening,  just  prior  to  the  convubi^'c 
>tBge>  A  secondary  qaickenini  \\  A\iii  seen  in  rabbits  (Filehne,  1879;  CCrtls,  1801^  but 
Dcvcr  In  man. 

Decnasrd  ExeUability  p/  Rrspiralory  Center. — Thi»  is  kbown  bv  the  fact  that  d/oAi 
i.f  more  easily  produced,  and  more  bttiitig  (I'iiehnc,  1879;  Ciishn]'  and  Lieb,  >(iis)- 
The  Mriud  bcroin<^>  nv'Tf  v'i-n.>ii>,  liic  iityn^-n  euulcnl  being  decreaicd  *nd  the  caibao 
dioxid  increa^J  (l'*ileli[ie  :md  Kjunba,  1S45).  ,43/)Ayiiii  pioductd  by  the  inhaUtion  at 
(arbon  dinxid  or  ileprivatidn  of  oiygcn  in  normal  animalu  incrrSKS  the  depth  uid  rale  tsl 
respir.ilion.  Under  moriilim.  thisrrsiKiriseisof  the  tame  l>-pe.bui  very  mudidecicaied 
(.\.  Loewy,  i3oo;  Limlliard.  iqii;  Cushny,  1913:  Cuihny  ond  Lieb,  1915).  .Mierent 
inhibitory  retpirutijiy  refleie^  arc  rendered  more  ciTcclive;  tiiil  uoalr  au£menlDr  ir- 
flexesircnot  m.ili'ti.illy  ,ttlcrcd(CuiJiny).  The  rc!i]>oD»e  to perwient  irritation  (cDOch) 
■9  ol  cuunie  diminished. 

Knee  the  ruction*  of  the  center  to  rcllciesnnd  COtMimubtion  preMrvc  the  Burioal 
type,  Cuihny  and  LIcb  nscribc  the  a^tiun  nf  morphin  lu  slowing;  of  Uic  iiitrinik  ifivlhm 
of  the  lespiratory  center.  The  hydrocarbon  narcotics  (urethanc},  on  the  otber  hand, 
deprcM  mainly  Ihc  oiphyxiol  reflex. 

Morphin  Deriratier-t  on  Rtspir.ilum.—Mcti>m  was  introduced  by  Rrcwr,  iSqS,  with 
the  cUira  ihftt  ihcrajicutic  dutet  Insi-n  the  cough  reflex  and  ilow  tbc  nspirBlion;  but 


K    UORPHIN  GROUP 


321 


the  iaifilratiant  arc  dcrpcnctl  and  mure  pon-ciful.  so  llut  the  nlvoolnr  nir  i*  mora 
effectively  ventiblcd.  IiKl('|>cn(Ii:ct  varkm,  however,  have  Hbuvra  llut  Ham  it  iu>  rtitt 
iiffatmtfnm  morfhin  (CusJiny,  lyij).  The  dicpenin^  of  the  respiration  i»  not  etia- 
tLtBt  (SuitCMUn;  t^wAnduusk)-;  Ilarnacl:,  iSgg),  but  B  Ken  only  witli  tirutU  doMt, 
'hea  the  *lowiag  U  exccMivc  or  vhcD  the  ropiratioo  has  been  skaUow  (Fmcnkd,  1899). 
Vfiropritte  duMs  of  codcio,  dloniii,  and  even  morfdiiii  produoe  prxdicallf  the  umc 
tScct  (Fraenke);  Iwekuts,  i^ti).  In  man,  the  retpimtory  cfiects  of  (  mg.  of  hcrMn 
tena-paad  ulinoct  quutitaus-dy  to  those  «f  1$  ms.  of  morphlD  (Hlg^ui  and  Mcuu, 
"91  j). 

DrcKT  aba  cUinwd  that  heroin  did  not  alter  tbe  fMiUbility  of  the  center  to  caibon 
wid,  but  lesaened  tbe  tedex  exdtalnlity  (to  (.tictchint;  of  ttic  Iune«).  Iiupcru,  under 
^nMr^  likewtM  dumed  the  caibon  HLoxid  ihri^hold  uimlieicd  by  l«nnn  (and  ^nin). 
m  raucd  by  codein,  and,  «(  coiuw.  iliil  taan  by  mur^ihin.  U'iatcmiti,  1899,  lovBil 
nt  die  amkoaite  remit,  the  threshold  being  Tiijcd  by  heroin,  but  not  by  codeln  or  dioBln. 
neditferctice  ii  pt*A>aiAy  intkmitcuU.:  iioitt »/ tkt  Jtrhalms  raite  Ihr  lirrtht^  Oi  laufk 
*lm«ttUm,»iUiktyaTt.  tktrijare,  lest  tffetlat  it  rdiaiitg  dyspnra. 

SeftMte  ami  Com^ned  Opium  Alkalaidt  «m  Rttpiration. — This  subject  has  been 

JtrwUcatcd  by  Ma<ht,  iijij.     He  lind&  the  cffocU  ol  KtarfhiH  on  rabbila  and  dogs 

feiitially  a^  described.    Small  dose*  (o.i  mg.  per  kilognun)  markedly  itm-  ibe  rate, 

hot   seunewhat  incrcuc  tbe  niimte-iroliime  and  alveulnr  vmtilntion;  but  the  rcsponae 

^  tb»  («atcr  to  CO)  it  Mmewbat  deo««MiL    Full  doees  (1  to  5  tng.  per  kilo^aro) 

Hi^.  j»;.ii  ihc  rate,  nunute-voltune,  alveolar  vcHtilBtian,  and  reqMMC  to  COi 

^tmaH  Dotes  af  CtidriM  <  t  lt>  1  mg.  per  kiogmn)  generally  «low  the  rate,  without  much 
daB0Dt  tn  ibe  minutc-^'oluinc,  alveolar  ventuatioB,  or  COt  reaponae.  ConvuIiivF  dmes 
()0  asu-  per  kBogram)  incmue  tbe  ventilatkin  and  COt  rspome.  KarcaHn  and 
ftfMm rrin  ttKreaac  tbe  CO>  rctpontc,  altboush  tbe  rate  nuy  be  illiihlly  iloircd.  K«t- 
tna.  skfhaim  »ad  cryftafin  peoducc  either  no  eActt,  or  sU^t  stimulaiioa  <A  the  r«»- 
ntKKjomy  eatUa. 

C»wki»Mi9m  tf  lit  tHmulaal  alkaloidi  •jritk  mirfUa  xlves  tiinple  aBaraaUoil  of 
l^r  Sdplratat7  aclioa;  ix.,  their  stimidaliuci  [nrtly  counteracts  the  Btoephin  deprc»- 
aoA.  Tab  b  true  foe  opium  as  well  as  for  artificial  mtiture*.  It  abo  boUs  for  the 
f^mm ti mfiratmy  ttMltr. 

I  Brmthial  Musda, — These  are  slightly  rcLiiitcd  bj-  therapeutic  doses 
oi  morphin,  and  more  powcriully  by  papavcrin  and  narcQtin  (Pal, 
1913;  Macht,  iqi;};  whereiia  large  doses  of  muq>hin,  OKldn,  dionin  and 
cOKciilly  heroin,  narcotin  and  tbcbain,  Em>dtKe  marked  constriction. 
WS^  and  Means,  191 5,  obsen-ed  broocnial  consitriction  in  nan  with 
I)  ng.  of  nMrphin  or  5  mg.  of  bcrcNn.  The  relaxation  may  play  a  part  in 
tbtttlkf  of  bronchial  spasm  {asthma);  whilst  tbe  constriction  may  oon- 
tttele  b>  the  a^hyxia  of  toxic  doses. 

^t  tfiecb  arc  pedpbcral,  for  tbey  occur  «a  mbri  bwitM  SMdc  CrdbaliM^ 

nnAkalau).  191  a)  as  ledl  as  in  piued  (ceoMtfciSo*,  JadcMO,  1914  aad  191S)  aad  In 

'  uittls  (rdazatioa  witb  —"*  oDottridioii  with  lane  doaes;  Brodk  aad  IMxoeiv 

t  tt  BiyoBmral  buctMs.    It  can  ba  ovacimnM  by  puvufal  vBalor  (tynpa- 
..ariMiaB  (qanfphri^  bordenbi,  Jackaon.  1914  aad  [915). 
•W  naUaatloa  of  morpkta  aad  ■areotki  la  dOator  cooccatntba  |lvo  ka  dU«- 
fiMihadlbsaIoee(HM£t,t9i5}.    TUa b riudte  to  ibe  bebeior  d  tb> cvraoarT 
artoy. 

inadid  SecrtHom, — Unless  there  b  oaasca,  the  secntioa  of  mtKus 
apfMtn  (Gmisisfaed;  partknlariy  in  broochJlh  This  may  be  fiptoined 
hrpiyhf  the  juippreagjon  of  coo^  pennHting  a  kxiger  sojooni  of  the 
BOCBi  in  the  brondu,  wHb  ooaseqnenl  removal  of  it*  water  by  abaotp- 
tioii  aad  diying;  btit  there  may  also  be  a  cmtnl  depftssion,  analDgcius  to 
tbatflf  tbesaliv-an-Mcretioo,  bira  decrease  of  tracheal  Kcrctioo  lusbeea 
dcBoatnted  in  azuinafe  (Hossbocfa.  i88a). 

Gknktkn.— rVrafntfM:  J^ta  of  morphin  or  its  derivatives  do  not 
afica  Uic  lircolaiiaii  seiioiuly.  In  man,  there  t«  gnmalfy  an  (iodirecf ) 
Incmae  of  ^aifw  rwU  tmrnedisiely  after  an  iajection;  tlni  is  qokkh-  fol* 
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lowed  by  pemstcnt  moderati;  blowing,  with  incKascd  iulncis  and  lotct 
(stimulation  of  vagus  center).  The  blood  prcMure,  af  tirr  n  «.hort  ntt.  nay 
remain  level  {Andcres,  1913),  or  (alls  slightly  (Ouinard,  iSloj),  thfougl" 
the  slowing,  and  perhaps  through  Incipient  depression  of  the  ^iitomolot 
center.    The  cutaneous  vessels  are  markedly  flushed. 

With  toxic  doses,  the  (all  of  blood  pressure  is  more  marked  (ceotral 
vasomotor  depression),  and  the  pulse  becomes  weak,  var>-ing  in  ntt,  lail 
often  arythmic  (stimulaUon  of  vagus  center  uid  dUtutbed  oriiac 
conduction). 

The  heart  muscle  ituffers  indirectly,  hy  the  low  Uood  pre«nreind 
asphyxia  (hence  danger  in  curdinc  insumdcncy,  especially  when  MOt" 
btned  with  dyspnea).  Ordinarily  the  circulation  remiiins  fairly  Rwd. 
until  death  occurs  by  paralysis  of  respiration.  Direct  depression  uf  it" 
heart  is  produced  only  when  morphin,  or  especially  its  dcrivali»t#, »« 
perfused  directly  through  the  heart. 

Hcring,  1915,  believes  that  the  increased  vagus  tone  resulting  fmn 
large  doses  may  indirectly  produce  ventricular  autoniatbtm,  or  rm 
fibrillation,  esperially  in  pathologic  hearts  tending  in  that  dircctloo. 

Vaeas  CtuUr  ond  CarditK  C^tuliKlion. — Do^  ghow  ihe  iame  pbeiMaKm  !i  •• 
markca  degree.  The  pretiininiLtv  accckrnlion  u  due  lo  naUKR.  The  1)^*01  rffMiC 
doM  not  occur  atler  Mctlon  of  ttie  vaslt  and  is  Ihcrcloic  ccnCTsI.  It  nccvn  iritt  ittf 
unall  (Imn,  incxcuea  with  iHretr  doaci,  and  paaset  into  ar>*iliiniii  (v^n  t^inatl  >}■': 
Anderet,  lOij).  Elcctracnrdingrniiu  rIm  shaw  ccntril  vugut  iiimuUtion  (Eintwvst 
Cohn,  t9i]j;and  flnuvuuriculnr  dnd  aurlculo* ventricular  hf-ttrt-bluck,  Mparaltorn*- 
laned.  removublo  by  atropin  (EjnlrT  und  Mork.  loii,  ii>ij).  The  reSex  uiiutff 
o(  the  vogu*  center  w  ftUo  increued  ijucksan  and  F-iring,  1914). 

The  rfTrct  on  ihe  pulM  rote  U  intonMAni  in  utR,  AbKnl  In  r»l>Ul*  Q^gii^j- 
AndcTci  luund  cuiistant  slon^ng  la  rabbits,  the  vagus  stlmulaUoa  bdng  furtij  a>M 
imrtly  pcri|>hcnil  through  decrMM  of  the  negative  thoriuic  prcMure. 

Cardiac  Mitdf. — On  Ih«  LanitendarfT  excised  aMmmattam  A/orf,  mortiMn  ud  il^ 
derivatives  (int  incr«ue  the  rale  ^nd  amplitude;  Ihii  11  roUowedb)*dn;r»te,iDdiMfe' 
nyvtolic  ttiinildill  (Vinci,  lo^).  Ttic  rnte  of  the  pcrfuRcd,  ftlropiniicd  /rvj'i  MJ 
quickened  by  dilute,  slowed  by  more  eonccniraled  solutions  o(  aU  tli«  p>tp«v(n 
olkaloldB;  morpiiin  betni;  the  leajit  deleterious  (lUle,  1909).  Lqiften*,  190!,  1 
peronin  highly  lode  for  the  luitlc'*  heart.  Narcotin  t*  the  mott  tfudc  of  Iter 
alkaloidn,  for  the  h»it  (Mochi,  iqij),  Papaverin  lowers  tiit  Cardiac  !««( 
this  Is  followed  by  considerable  tach>'cardia  (Kcnon  and  Deabouis,  >Q'4). 

Cardiac  Gantiia. — Tbne  »how  degenerative  bixtulo^  leaions,  ttnular  to  tbaBl 
alcohol  nr  fhloTofnrm  (Liawucr,  1914). 

Cvftitfy  Clfiidtiiin. — This  is  quickened,  by  dilatJoa  oi  fht  coritfuuy  wA,l 
moat  of  tlie  opium  alkaloids.     The  action  is  meat  murked  with  narootin  aadpqan 
■light  wilh  morphin.  ver>'  slight  with  codcin,  hcroan  or  pantopiuta,  Utd  aBMBt  < 
nuodn  and  llieb^in  (.Mnchi,  1915).  , 

Vasomotor  E9»cls.— The»e  have  not  bwn  utisfaciorily  iovcBtigaUd.  Cubfigi^ 
1869,  found  that  the  center  is  not  completely  parolyicd  even  in  advanced  MbHWl 
Rlimulalion  of  the  (ipirkal  cord  still  Rives  a  rise.  The  venous  frcMMr^  Is  sot  cli»iiC*'|(  j 
moderate  doie«,  lUghtly  lowered  by  toxic  dosn,  indicatiiiR  vuodilaiioD  (Cip(i*  **g 
Matthew:^,  191}). 

CtrrbriU  CirrtdatUm.—t^v  cAcct*  are  small  and  inconstant  with  onliMl>' ' 
Muerthle,  iSSq.  found  »oiiielInies  an  Incrtasc,  somclimcs  a  decrease,  of  the  flow.^ 
nndi,  1905,  dcMribci  a  brief  comtriction,  followed  by  luting  dilation.     Fran' ' 
and  HirKhicId,  1010,  describe  an  initial  incr««se  of  brsia  volume,  foltow«d  by  1 
th«  latter  protwbfy  due  to  the  fall  in  general  blood  pressure. 

Cirr-ulalion  of  tht-  Skin;  Diaphoretic  Action. — The  cutaneous  vcstdlj 
specifically  dilated  (through  the  vasomotor  center)  even  by  small 
The  skin  is  re<ldened,  warm,  and  the  persplraiion  increased.     Thtl'] 
tjon  is  utilized,  in  the  form  of  Dover's  powder  (Pulvis  Ipecac  et 
0.5  Gm.at  night)  for  the  "abortion"  of  colda.     Insusceptible  ln(U\idu 
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the  cutaneous  diktion  may  give  rise  to  rxunthemata.  With  toxic  doses 
the  Hktn  becomes  pale  (vasodilation  of  the  splanchnic  area),  and  cv'anotic 
(asphyxia). 

Oihfr  poisons  which  may  Produce  Erythema  on  Systemic  AdminisltO' 
lion  arc;  atropin,  quinin,  chloral,  veronal,  benzol  <lcrivalives  (antipyrin, 
alophao,  salicylates,  aspirin,  etc.)  iodlds,  bromids,  sera,  etc. 

WAmI*. — The  locitl  applicfttinn  of  solutions  of  morpliln  ot  a&y  of  Its  estets  to  tlie 
•cari&ed  ikin  mulls  in  we  praductiun  of  a.n  urticarial  wheal.  Siimlor  wheals  arc  pro- 
dnccd  by  hUlkmin,  peptone,  cmetin,  md  caldum  chlorid  {Sollmann  and  I^kbcr)- 

Effect  on  Puptls. — In  man  (not  in  animals)  even  »mall,  scarcely  anal- 
gesic doses  constrict  the  pupils.  The  miosis  is  due  to  a  stronger  con- 
strictor (uculiJiiiotor)  tone;  for  it  disappears  when  the  oculomotor  endings 
arc  paralyzed  by  atropin;  whilst  it  is  scarcely  aScctcd  by  cocain,  whicb 
stimulates  the  sympathetic  ending.  Tiic  action  is  central,  for  it  is  not 
produced  bv  local  application.  It  has  been  suggcsleil  that  morptiin  de- 
presses the  inhibitory  impulses  which  normally  keep  the  oculomotor  tone 
in  abeyance  (Meyer  and  Gottlieb).  There  is  a  fairiy  lasting  rise  of  intra- 
ocular pressure  (Myashita,  1913).  Ethyl-morphin  produces  a  shorter 
rise. 

Tkt  oeid^notor  irnltr  (pu^lo-constiictor)  a-pprars  t»  be  normally  in  a  stale  of  partial 
laJliifaitioa  thraugh  a  variety  o(  Miuory  Lmpulsrs.  Wlicn  these  are  dirainished^at  by 
■  •Iba  naioons,  and  in  a  specific  moaner  by  murphin — the  oculomotor  lone  increues, 
'  and  the  pupiboonintcl.  when  the  inhibitory  impiil»%  are  reinforced — as  by  emnlion, 
electric  slimulalioa  of  tlic  cerebral  cortex,  asphyxia,  etc. — the  oculomotor  lone  is 
(tinuniiibcd,  and  the  pupiU  dibte.  That  this  type  of  roydrioiii  Is  not  due  to  stimulation 
oi  ihe  sympiilhelii:  (<iilaior)  crnler.  i«  ibown  ny  the  [41CI  that  it  oecurs  after  division  of 
llie  cervict!  hymimthelic  iwzve  (Brauiistein.  iSy^). 

Pitfil  Cha»ic$  ill  Animtils. — In  <aii,  the  pupils  arc  dilated,  in  conformity  with  the 
gvner^  excitement.    In  dofs,  the  effect  is  variaole,  but  generally  dilator. 

Conjunctival  Rraclion  to  Elhytmorphin  {Dianin). — The  direct  applica- 
tion of  a  I  to  5  per  cent,  solution  or  ointment  produces  burning  pain, 
hyperemia,  and  acute  edema  of  the  lids  and  conjunctiva,  which  disappears 
without  any  ill  effects.  This  reaction  is  used  in  ophthalmology  {or  the 
removal  of  old  inflammatory  products. 

The  edema,  which  ii  ascribed  to  vucular  congestiOB,  appears  in  a  few  minutes  and 
laats  for  several  hour:;.  Thr:rc  in  nl>i>  »Kime  more  pen^istenl  looi)  ^inc^stfacsia.  The  pkipils 
■n  at  fuvt,  coiutrictcd,  and  the  intraocular  tension  is  raised  (.Toczyhki,  iQii)-  The 
edema  doe*  not  occur  in  rabbiu,  hui  readily  indo|CSCir^ts  (Axenfcld.  1905). 

BcoMly-fflomhin  (peroiiin)  is  »aiil  to  act  in  tne  sarae  way;  but  Ihe  effect  docs  not 
occur  vlth  morphin,  codein,  heroin,  or  any  of  the  natural  opium  ailtaluids. 

Spinal  Cord. — Morphin  and  all  the  members  of  the  group  increase 
the  spinal  rcllext-s. 

L^rge  doses,  in  frogs,  produce  convulsion.^  which  are  indistinguishable 
from  those  caused  by  strychnin.  Mammals  generally  die  from  the  res- 
piratory depre.tiuon  before  the  convulsant  stage  can  develop;  but  the 
smaller  mammals  may  exhibit  muscular  stiffness  and  tremors.  Con- 
vulsions are  sometimes  seen,  even  in  man,  when  toxic  doses  (3  grains)  arc 
talkvn  (A.  Gordon,  1915;  Keen).  In  dogs,  the  intraspinal  (subarachnoid) 
injeclion  of  morphin  produces  marked  convulsions  (\fcGuigan  and  Ross, 
19"5)- 

The  convulHnt  action  i»  ctpccially  »ln>nji  in  one  of  the  minor  opium  alkaloid*, 
thtbiin,  »o  that  this  u  i^neraLly  placed  in  the  strychnin  i^roup. 
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The  spinal  stimulation  would  seem  to  conlraindicatc  the  use  of  t«x- 
phin  in  convuUanl  coii<tltion.s  of  »ptnal  origin,  lu  in  strychnin  poifomns. 
Prariitally,  however,  the  analRcdc  trtTect  may  oflfst-t  this  dtsadvanU^l 
HOT  docs  the  th<.-OTcUcal  objection  hold  against  convulsions  that  are  not 
apinal. 

Sensory  Nerves. — Opitim  and  It»  alkaloids  hxve  no  action  whattvfr 
on  the  sensor}'  endings,  or  on  the  peripheral  sensory  nerves,  lor  the  iiu  rf 
application  is  no  more  aiFected  tlian  other  regions  of  ihc  body  (Jolly  tad 
HiJsmann,  1874).  Their  local  use  is  therefore  irrational.  Any  apndnnt 
su<:ces8  is  largely  pnychic-il ;  allliough  Uierc  may  be  some  centnl  aougiat, 
ancc  morphin  is  rtadily  absorbed  from  wounds  and  mucous  membniMS, 
and  to  a  slight  extent  even  from  the  unt>rolcrn  skin.  Wilhtl1etin^ 
honored  "Lead  and  Opium  Wash,"  the  procipitalc  formed  by  the  lead  «itk 
the  Rums  and  nieconic  acid  furnishes  a  soothing  protection.  (The  nicit- 
phin  is  not  precipitated  by  the  lead.) 

Curort  Action. — Ail  tlic  membi-ra  o(  tho  Kroup,  when  applied  directly  to  >  DMCk 
pnnaialion.  exert  n  weak  and  ilow  curare  actiun:  If  the  motor  nerve  is  itimsliul 
witii  a  tetunizInK  ciirrcni,  ihc  muidc  lapoods  with  »  kHcs  of  rapid  sepMtie  c» 
tractlonft.  imtcad  uf  a  (used  IctunuR.  Lartcer  doees  pAtalyce  ihe  i)iUKl«-nen'«  O^^f^ 
completely.  Di^icct}-!  morphin  acts  more  ituwetfully  than  mocphin  or  codcin;  bit  V 
OiCtion  it  too  weak  to  lie  oliicrvcd  in  iaUcc  mammaU  (ilule,  1909). 

Pralopin  Group. — The  curare  snd  miuculat  actions  were  tint  dcBOribed  by  v.  Kopl 
1S90.  for  the  pratopin  ^up — certain  unimportant  alkaloids  {jwotopin,  crylo^ 
elielidonin,  homocheCidonm,  and  chelerythrin)  which  occur  la  mriuos,  Mil  opceul^ 
In  other  Papa verKccoua  plants  (SanKuinarla  or  Bloodrool;  anil  Cheiidooinm  or  Cdu- 
<Uoe)  Buccoaia,  etc.)-  These  alkaloids  share  also  the  depreuant  morphin  aetjoaonih 
heart  (Hale).  They  are  Htid  to  paralyze  the  seoMry  endings  like  coctln.  The  rtspii> 
ttoa  Is  stimulated. 

Sll1ll•inMi^l  alu  roniains  Hpguinarin  (R«portB,  Council  Pharm.  and  Clem.,  tfn. 
60)  anil  olhcr  iiika1t>id<  (Koznicwski,  igio).  CildUwfiim  contains  berberin.  M 
dniics  are  irrilunl.  SaoKuinaria  has  bee^  UMd  as  a  nau«eant  (0.I  Gm.).  TlwM 
juice  of  chelidonium  ui  applied  in  folk  medicine  to  remove  wart*. 

Chetidonin. — Central  Adiom. — It.  Meyer,  iftgi,  found  th«t  it  product)),  la  (tea* 
dcKcndliiK  dcptcs.'^ion  n[  the  central  nervous  system,  timilar  (o  morplitn.  but  idiW 
niiinixl  ittrnuUtion.  Mammals  also  rapood  ay  analip^ia  and  tJccp,  iritbout  nitfU' 
dcprcuinn  of  icArm.  Larger  doict  cnuse  oomo,  without  nauiea  or  votnitioi;  bull^ 
(he  VMisninIor  i- enter  Iweotncs  paraly/cd. 

PtriplKfai  Ailiani  i-f  Ckflidanin.— That  hav«  been  iaveati^ted  eipedally  byBi*- 
Kk,  iQi  s.  Like  other  isiiquinolin  alkaloid*  (norcotin.  popavcrin),  ii  ■feptestcs  U  U>A 
eS  «moath  muscle.  The  elTcct  nppcir«  to  he  dirccdy  on  the  imucto  subsiaiKC.  dKt 
It  antai!onlM>i  nut  only  |)iU>caniin,  hSstamio  and  epinephrin,  but  even  bajian;  *UI 
thete  do  not  remove  cli«lidomn  deprrsMon.  It  ii  relatively  oon-toitc;  asd  lAeat* 
therapeutic  doaage  has  been  ascertained,  it  may  have  a  cUoJcal  field  la  astluDa,  cdfc. 
and  other  «pasms  of  smooth  muscle. 

Meyer  also  found  that  it  paralyzes  skeletal  minrlr  mil  iniiiniji  anil  iiiulijii  iiiililiP 

Morphia  on  Urinary  Bladder.^  Murplilii.  in  loiic  do«ea,  produces  Htaan  ol  lt> 
vesical  !^ph!nrtcr  (cither  throuRh  dcprtMcd  inhibilian  or  aoaloftou*  to  pylork  spUHli 
leading  to  distention  r>f  the  bladder  aad  constant  but  ineffocdve  il«ire  for  laictaiid* 
Thit  lomctitntri  orciirs  in  the  therapeutic  UM  (Ceauek  and  WaMcrnuan,  1914).  1* 
itulncA  pl):<  the  diii«titiun  may  rupture  the  bladder  (Tappetner,  1809). 

Uterus.^ -Morphin  pre^bly  tendu  to  delav  the  progrcM  of  latMT,  by  its  nytM' 
sedative  action,  taritcly  by  prei-enling  the  reintotc*-mcnl  of  labor  IWW  by  tM  CW 
traction  of  the  abdominal  muscles  (Barbour  and  Copenhaver,  igi6),  it  has  practkaltr 
DO  «flcci  on  the  normal  uterine  contractions  in  animal*,  in  lUu  (fiaibout,  191  $1;  oM 
apidied  directly  to  the  excised  uterus,  the  tone  h  somewhat  Increased  (Bartiour  iri 
Copenhavct,  101;);  but  this  would  have  no  clinical  bearing. 

Effects  on  the  Digestive  System. — Morphin  tends  to  produce 
and  vomiliufi,  and  thus  disturbs  digestion.    The  effect  is  indc{x-nden(  I 
the  mode  of  administration,  the  action  Ijeing  central.    The  severity 
greatly  in  different  individuals.    In  some  cases  it  is  so  serious,  and  1 
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lied  by  so  much  depression,  as  to  preclude  the  use  of  the  drug.  It  may 
FBOnctimes  be  lessened  by  bromid  or  liy  utrupin  (I.  Simon,  1907). 

Larger  doses  are  antemflic. 

Mor]ihin  is  one  of  the  most  efficient  drugs  for  chaking  pfrisUdsis. 
Small  doses  suffice  for  this  purpose.  The  action  is  evidently  peripheral, 
but  its  mechani.'iin  is  complex,  in\'otving  several  factors,  one  or  the  other 
of  which  may  predominate  under  certain  conditions.  The  known  factors 
are  closure  of  the  gastric  sphincters,  delaying  the  entrance  of  food  into 
the  inlcslincs;  decreased  responsivenc^ss  to  defecation  reflex;  and  a  direct 
sedative  action  on  irritated  (not  on  normal)  intestine.  With  opium,  there 
is  also  the  direct  depression  of  intestinal  tone  by  the  Isoquinolin  alkaloids 
(papaverin.  etc). 

Of  the  individual  opium  alkaloids,  morphin  acts  most  powerfully  on 
the  alimentary  canal.  However,  the  minor  alkaloids,  especially  papa- 
verin, narcotin  and  codein,  are  also  constipating,  with  less  narcotic  action 
(Gottlieb  and  v,  d.  Ecckhout,  IQ08;  Zehbe.  iqi^;  Hess  and  Ncukirch, 
_J913:  Macht,  Herman  and  Lew,  iiji'')-  These  differences,  and  the  de- 
lyed  absorption,  may  explain  the  clinital  preference  for  opium  when  the 
CODstiputivc  effect  is  desired. 

Satutant  and  Emtltc  Action. — This  is  cwcntially  central  (E^c«ton  and  Hatcber, 

19(5).     It  may  mncrivAhly  be  aided  by  reflexes  from  the  gamine  sf>nsin',  for  alropin, 

,  ^)f>«irs  to  dlminiiih  tlie  cmctiu  trodcncy.     Tlitfrc  i;  110  evidifnce  of  local  gastric  irrita- 

""-"jallboughtheiJltaloid  is  rapidly  excreted  into  the  stomach.     Vomiting  occum  more 

with  bypodtnnic  Than  with  iniravcDous  injcctioi);  probably  because  the  lalier 

r-.Jtt  the  vomiting  center  too  rapidly. 

11m  cmenx  u  oroduccd  by  absolutely  por«  samples,  and  is  therefore  not  due  to 
'contandiuuion  witn  anoruorphin  (even  prolonged  boiling  docs  not  convert  morphin 

futatttt  kmelK  Action  ofOtnum  Mkaloiih. — Morphin  is  more  nanseanl  and  emetic 
ihafi  Ute  other  Ltotated  alltsloidft.  Opinions  diScr  u4  to  the  position  oF  the  combined 
■Ikikwb.  E^leston  and  Hatcher,  ini ;,  believe  that  the  emetic  effect  of  pnntopon  itnd 
naroopkin  b  more  powfrful  than  would  corretpond  to  their  morphin  cimtcnl.  As  nar- 
cotln  atoDO  Li  not  emetic,  it  would  be  conceived  as  u-nsilixing  the  center  lu  murpliln. 
'lacbt,  llennan  and  Levy,  igi6,  incline  to  the  opposite  conclusion. 

Saiitary  Secrttitn. —Tht  nausea,  aa  usual,  i*  accompanied  by  ssli»»tion,  In  the 
'  alMcnce  of  nau»fa,  the  muuth  ii  drj-  and  the  pAlient  tliirsly.  from  deprnuon  of  the 
lalivaiy  center  (V.  E.  Hemlerion.  1910). 

Tlie  appflii'  U  iliminished,  through  the  lesser  pcccvption  of  huriRcr,  and  through  ihn 
gaauic  deranicemcnt. 

Gatttic  SriraioH. — Iktorphin  «tart»  the  goitnc  nccretion  in  the  empty  stomach  (there- 
fore coBtnintUcated  In  gaitrlc  ulcer),  but  U  said  to  diminish  the  secretion  when  ihe 
ttoniacb  contains  food  (Chian.  igij).  It  also  Incrcasea  the  pancmilic  •lecreiion. 
Opium  iacrcatc*  gastric  Mctction,  but  cauaes  a  Lutinc  deccouc  of  pancreatic  flow 
(Bkkfl  and  PlncuMohn,  1007;  O.  Cohnhdm  and  MontHkowski,  iqu).  Tn  chronic 
tDotpbinum,  ^atric  aecrelton  is  »aid  to  be  abot»licd  (Ilitiig), 

Anttmitk  Action. — Dog«.  after  a.  primary  cmetix,  do  not  respond  to  irritant  emetics 
or  apomorphln.  This  hah  bwn  attributed  to  pamlysls  of  the  vomiting  center;  but  it 
could  alto  be  explained  by  the  Grm  contruction  of  the  cardial  sphincter  (Ala^nius.  luoS); 
lor  morphia,  coddn,  or  heroin  arc  antcmctic  in  doses  which  are  not  narcotic,  whilst 
chluni  or  iircthanc,  to  prevent  vomiiiiiK.  niitst  l>c  cxIiibitFd  to  lull  narcotic  action 
(*•.  Isicknu.  1911;  Ruth,  lOtj).     Papaverin  ii  not  antcmclii:  (Ruth). 

C^iulftafftfM  Aftiim  in  if  ilk  Diarrlieu. — A  new  light  ha*^  been  shown  on  morphin- 
COaUJfwtKii)  by  R.  Magnua.  ivo6  and  igoS,  who  ICBlcd  its  cITcct  on  c:([)e[i menial  diar- 
tbem,  A  very  luit^lc  quoM-phyuologicnl  lorm  ol  diarrhea  can  be  maintained  in  cata 
by  an  eseiinivc  milk  diet.  This  diarrhea  is  very  effectively  'lopped  by  morphin.  The 
remoUal  actioa  is  equally  pronounced  when  the  inte^itinal  nerves  liuve  been  divided  so 
that  the  action  w  certainly  peripheral.  On  the  excised  Intestine,  however,  moqihln  in- 
cuaji-s  peristalsis  (ricepl  with  enormous  dotoi),  indicating  (hat  its  conslipaling  effect 
h  EMM  due  to  peripheral  intotin&l  depreuioii.  (The  cxclMid  lntc»tine  hat  also  beeo 
ttttdicd  by  Popper,  1913.) 
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Gastrie  TwMtt. — To  «oIve  thi»  riddle,  Mntcnun  uivcitigBtcd  the  pawiw  of  the  ■■- 
mentary  cunlents  by  the  Bismuth  x-ny  method  ul  CajiDoa.  He  OOWOMCWd  llMt 
mcirphin  nets  erclusivdy  on  the  ^tomitch,  producing  prolitngcdcontrBCturc  of  tbe  t{>tiinc- 
ler  anlri  pvlori.  ii«  also  of  the  pylirii:  and  canliuc  tphinctcn.  At  i  rnult.  the  looA  r^ 
nuinii  fur  iinurs  in  the  fundus,  the  complete  evacuation  occupying  tncaty-firc  hours 
Iiulnu)  of  the  normni  Ihrti;  hours.  The  inte9lin«  thereby  are  urantcd  a  vtrf  Iwie 
amount  of  physioloKioat  rest,  the  tood  entering  very  slowly  and  JtradaaUy,  IxinK  more 
perfectly  macerated  and  digested,  and  presumably  relatively  aseptic  Thi»  fvmuhM 
the  whuic  I'iplanation  i>f  the  conslipalinjt  action  in  mUk-dlarrhea;  for  theumc  melhoil 
iJiows  thai  the  movements  of  the  small  intestine  arc  scarcely  affected  by  Uw  morphnL 
whilst  those  of  the  large  inteatinc,  as  iX^io  Hic  dcfw.iiion  of  rrtcmnla,  4ire  quite  unaffectca 
by  the  druj;,  (Schwcnlcr.  loii,  usinif  if.  ?iiiiilar  methud,  describe*  relaxalloil  of  the 
Ur^,  nnd  probably  also  of  ihe  small,  inie«tines.)  Nor  halt  moiphin  any  qmitipaling 
RCUon  in  experimcntnl  diarrhea  from  ccrlain  irritant  calbftrtJcfi,  vit.,  MUtt,  CMUr  oil, 
OiT  maenesia. 

Entirely  analogous  phenomena  are  obiervcd  in  the  dog  (Magnui;  E.  Zunz,  1009), 
and  in  the  humnn  subject.    They  are  probably  n  highly  important  factor  in  the  llie»»- 

Eutic  cQecl.  Maicnus  himself,  however,  suKltested  that  murj>hia  may  pot^bly  hare 
rther  indirect  actions  on  jjeristalsU,  by  modifying  intestinal  sccrcdoo  or  abiorpliaa. 
Cotorynik  />i.i«/ti-((,— This  surmise  *as  fonfirmcd  by  the  results  of  Ms  pupil,  P»dt- 
berK,  1911,  in  colwynlh  diarrhea.  Thisdruj;  produce*  exudation  and  increawl  n»or»- 
mcnts  throughout  the  alimentary  tract,  liolh  r.lTrcts  arc  antagonind  by  moiphia 
(and  much  more  by  opiuml,  even  when  Ihc-  food  is  already  in  llie  Inlrsllne.  The  action 
of  morphin  in  colocynth  diarrhea  is  therefore  dillcrent  from  its  action  in  milk.  leona, 
castor  oil  or  magncua  diarrhea.  In  which  morphin  would  not  al!cct  the  progrcu  of  the 
food  after  this  has  reached  the  intestine. 

Olhrr  Opium  Alhaloldi  on  Cdocyntk  Diarrhea. — Talcahashi,  1914,  found  thai  codetD 
actJ^  similarly  to  morphin^  but  weaker.  Mixture*  of  morphin  and  cndcin  act  stronger 
than  cither  alone  (potentiation),  so  that  constipntion  occurs  by  combining  one-foarlh 
of  the  minimal  active  dose  of  morphin  with  oue-furtielh  to  one-four  hundredth  a(  the 
tniniroal  active  dose  of  codctn.  Eijuol  parts  of  the  two  alkaloids  constitute  the  best 
tatlo.  The  other  alkaloids  do  not  secra  to  contribute,  but  rather  to  interfere:  no  that 
Pantopium,  for  instance,  is  inferior.  Codein  alio  potentiates  the  gastric  ipasm.  but  onljr 
with  much  larger  doses  than  arc  needed  in  colocynth.  When  used  alone,  the  codellt 
docs  not  produce  gastric  spasm. 

Obsenalions  on  Man. — The  results  are  rather  incon.tlant;  but  those  of 
Zchbc,  1915.  with  ihe  *-ray  methoil  arc  fairly  representative  for  normal 
subjects.  The  time  of  the  total  sojourn  of  the  food  wa.s  nearly  doubled 
by  Oie  opiates;  more  by  opium  and  pantopium  than  by  morphin  and  nar- 
cophin.  That  in  the  stomach  and  small  intestines  was  each  delayed  by 
about  a  third.  The  main  effect,  however,  was  on  the  colon  and  rectum. 
The  defecation>rei1ex  is  delayed  or  suppressed  (Sticrlin  and  Scbapiro,  1913 ; 
Schapiro,  191^;  Mablo,  1913). 

On  the  other  hand,  Pancoast  and  Hopkins,  1915,  observed  the  mmin 
delay  in  the  small  intestines;  but  little  in  the  colon;  the  defecation-rcSex 
was  not  observed.  The  effects,  however,  are  extremely  inconstant  in  dif- 
ferent individuals.  Small  doses  were  more  effective  than  large.  Hypo- 
dermic and  oral  administration  produced  the  .'tame  results. 

Older  ExplamUiom.—Vnat  to  the  ccmcluavR  experiments  of  Macntia,  thacflOMtipftt- 
Ing  action  was  explained  either  by  a  peripheral  depremion  of  the  local  refiex  (the  crils 
of  Auerbach'sandMcissner'sp1eius);or  central  stimulation  of  the  inhibitor}- splanc^noc 
fibers  {Nolhnagcl,  i>i8j).  Neither  theory  was  sfttisfai;tor>'.  The  apparent  retalu  of 
NothnnKel  were  probably  accidpntnl  (3rlagniis,  igio)  and  need  not  be  disnused. 

OfArr  opium  A  Ikaloids  on  /'m't/u/iij.— Whilst  the  phcnanihrcn  alkaloAdt  (morphin, 
thcbain  and  codrinl  increase  Ihc  pendulum  mi>vemcnts  of  excised  Intestine,  these  an 
said  to  be  decreased  by  the  isoquinolin  alkaloids  (papaverin,  narcolin  and  narcen) 
(Popper  and  FrankI,  1912  and  191J).  Pal,  1913,  claims  that  the  latter  also  remove 
spastic  contractions  of  the  stomach  and  intestines  clinieally. 

Catkarlic  Action. — L.atgc  doses  produce  catharsis  in  dog*  and  some  Mha  aniiwU, 
but  not  commonly  in  man.     The  action  it  presumably  due  to  local  irritation. 
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r.— Lwf  e  dosa  □(  morphia  bcrcaie  the  tone  «( the  sphim-tcr  of  the  bitiuy 
,ind  iliiu  hinder  the  flow  of  bile  (Reach.  1014).  The  mutcuUlure  of  Ui«  bUi- 
tiiDOt  aflccud  (Ui't)  iiiul  McWhorler,  1915). 

IMlbolIsnL — The  output  of  CO3,  and  to  a  ksscr  degree  of  urinary 
■knfoi,  are  materiiLlly  decrease<l,  inainly  by  the  mu-;cii1.tr  quiet;  iii  pro- 
kopd  uperiineiils  also  by  the  digestive  derangement.  The  COi  content 
ti  tbc  blood  ri.ie:^,  through  the  defective  respiration.  The  uritu  often 
'pmUkiM  ratuiing  subslanea,  partly  morphln-glycuronic  acid  (P.  Mayer, 
ljtn)i  partly  glucow  from  the  asphyxia.  The  How  of  urine  is  .said  to  be 
tmiued  (Ginsberg,  it^ti).  The  body  kmpaature  is  lowrered  through 
ihaoed  heat  production. 

I  \mmii  COt  Oatpiil.—l'hit  thk  is  due  to  muKular  dcpruaion  is  shown  by  the  fact 
lUtCilKxIubit  an  incnttic  IBocckaati  linucr,  1S74),  and  ttiiiit  ilIko  the  result  in  other 
|Wfaill  wbh  tlia  mora  ulmulanl  mrnibi-ri  of  the  sroup,  lu  codcln.  In  man.  however, 
<lk  Mygn  couumptiaa  a  not  altered,  wliiUt  the  CO^  production  b  decioucd.  The 
riBtehnot  ctpLunod  {Higgini  uid  Mean*,  1915). 
'     JtMto  tf  I'rM  Itf  Tet^  NUffiten.—T^Ai  is  not  allertd. 

Mmfkn  Cty<«swia. — A  peculiar  reducing  substance  in  haman  urfaw  ia  described 
IrMta,  tgoft. 
Tmf0Mimrt.—'ne  tall  (wlilch  h  MmelimDs  prefeded  b>-  a  slight  rise)  may  b*  aa 

CM  i*C.  n-ith  larn  dc»n:  the  extent  depoiding.  hairevcr.  mote  upon  idiosyncnujr 
ipmhcdo(«.  Tliccnoling  if  partlcuhirly  ic'cot  if  Iltc  animal  IK  Kcpl  in  cold  sur< 
WJInp.  With  unall  dotes,  lh«  lull  nuy  be  explained  by  iocreawd  heat  loia  (ran 
rtWawiiiYa»odihilion;but  with  large  doses  it  is  due  mointy  to  diminished  heat  produc- 
b^aod  6iwliy  todrculatory  collip«c.  The  he-al  production  may  be  reduced  by  80 
groM.  b  extreme  caaw,  reaching  its  minicaum  In  the  third  hour.  The  heat  \ou  ia 
■Mibedfap  to  30  per  cent.),  partly  through  the  effort  of  llieheat  ccntcnt  tocampen- 
Hltbrlhedualnhbcd  production,  partly  Ihrouxh  the  dcprcstod  circulatioo  (RdcMM. 
1|M|. 

lAMnM). — ^ThcM  are  diminiahed  in  acute  and  chronic  moiplun  poiMoing  (Cloetia, 
■m).  Tm  Injectioa  o(  aaofpUa  Inhibits  the  mi)(raUun  of  leococytu  in  Inflamtd 
hriMsaiteTy  Ukeda.  tat6). 

.  wphMM  rt  Blo«d  Kn/iKw.— Morpbin  hinders  the  trantier  of  injeclod  Mlinc  tola* 
Mlm  the  blood  10  the  timiei  (Bo^ert,  UoderhlU  and  Mendel,  i^tti). 

iliBOiptioa,  Fate  aod  Excretion. — Morphin  i»  rapidly  absorbed  from 
lO  BuaMis  surfaces,  and  from  the  abraded  skin;  but  scarcely,  if  at  all, 
im  the  intact  »kin.  It  dbLapi)ear3  from  the  blood,  being  ])arliy  fixed  in 
Atoigtns,  and  largely  destroyed,  so  that  only  a  fraction  can  be  recovered 
■intoo^.  A  part  13  excreted  unchanged,  especially  by  the  alimentary 
kKL  The  saliva  and  gutric  juice  show  it»  presence  in  a  few  minutes. 
Sme  of  this  excreted  morphin  ia  reabsorbed — benoe  the  indication  of 
|ttpt)4ng  the  .itomach  in  morphin  poisoning,  even  aiter  subcutaneous 
tkin.  The  inteslinal  secretion  proceeds  somewhat  more  slowly. 
Kate  poisoning  with  large  doses,  administered  h)>uodcrmically  to  dogs, 
to  two-third:&  of  the  morphin  can  be  recovered  from  the  feces.  The 
participates  in  the  excretion  to  a  smaller  degree.  The  destruction 
BUich  more  complete  in  habituated  animals,  thus  accounting  partly  for 
bcTcaMd  tolenuice  for  morphin. 

Some  of  the  morphin  is  said  to  be  excreted  by  the  milk  and  to  cause 
~*  inism  in  sucklmgs.     It  also  |>it.«.srs  ihmugh  the  pLicental  circulation 
Ictus,  sometimes  killing  the  latter  in  uieto  (Jung,  1914). 

The  investigatioa  of  tbc  late  of  morphin  is  of  great  scknillio,  as  well  as  of  practical 
|k  latcicU.     l^afonunatdy  it  is  beset   with  coiujderablc  difficulties.     Th« 
lol  Illation  are  complicated,  and  tbomoroor  les»  lirm  combination  and  partial 
.  o(  the  norphin  in  the  body  raider  its  quantitative  iiwUtion  ia  pure  form 
inpoadble.    Marquis,  1S96,  belle>-a  that  it  eibls  b  the  Uwuea  in  three 
lonns- 
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Disuppnrance  Jrom  the  RIood. — Tbe  morplim  uMially  craj«  to  be  dcmonstnMe 
withis  twenty  minutrs,  although  il  is  not  tl»ttoyci]  by  the  blood  (Ctocttn,  iQOjf.  It 
"luM  llirrrfure  have  pawtd  inio  Ihp  li*Mif», 

Pmcncr  in  the  Tusutt. — Theip  contain  only  a  fraction  of  tht  moq>hin — for  tbcmMtl 
part  mere  InKCu.     The  largrf  t  <|unniity  i.i  usunlly  (nuni)  In  the  Uvcr  and  in  the  conlcDttj 
of  the  Bltmcntary  lanal  (Kuuimann.   i)<fiK',  Mmiuis.   t3q6}.     Tlie  bntio  of  pcuoo 
animati  h  very  poor  in  morphin,  nlihou^ch  in  vUfo.  brain  lubitnncc  fixa  the  nlk*kib 
inudiliCUer  than  liver  pulp  (Clnctu,  I'juj)  (Lucatlzalion  in  rsbbila;  vua  Kijn.  tQC^>. 

MxcTttion  by  Ike  Urine.— ^Xhe  slatcmcnis  in  regard  to  tlu«  ore  very  coolrn^ictor^. 
Kaiianann  found  it  qualitntivcly  in  lest  thnn  two  up  to  thirty^ii  houn;  ai'Katii'e  in 
fifty  hours,  Keconl  iiivc«li|;a(ors  agreed  thai  it  tan  be  detnonstralcil  oolv  after  large 
diMCs,  and  then  merely  in  t^■Cle^.  However.  Kaufmann-Aucr.  191J,  iinilt  tint  d«t*j 
and  rabbits  excreted  by  urine  j  to  ij  per  ccal.  of  the  morphiD  in  aculc  puiwaing;  1 
lo  y)  per  cent,  in  chronic  [loisuning. 

Excrriion  by  Milk, — Contrary  to  the  usual  statement,  Rotdewijn,  iQio,  found  that 
thi»  docs  not  occur  (In  cows  and  kobI«3- 

Excttiion  by  Saliva. — Kotcnthal,  i3u3,  showed  lu  presence  in  maa,  after  0.05 
elm.  per  day. 

Giulrif  F. IX rf linn,— Thii  was  discovejrd  by  Mnrmf.  iSRi.  Alt,  iS8».  demooslratedJ 
morphin  in  the  itomnch  (by  lavage)  in  (wo  and  one-lourlli  minula  after  hypodertnicl 
injection;  Ihe  excretion  rose  for  five  minute*,  then  remained  steady  for  twenty-five  to  ■ 
thiny  mlnulis,  and  wa^  arrested  in  an  luiur.  He  also  !iliowed  the  bcnetit  ul  gasiric 
lavage  after  hypodermic  injection.  Thi*  indicates  that  part  of  the  excreted  morphin 
is  ordinarily  rcsbitorbrd;  Ii,cinc Weber,  iSlij.  and  Bnngeni,  i)tq5,  aIh)  obKrved  Ibe  ga*->1 
trie  excretion.  Thit  i»  increased  b)'  tlie  priscncc  <>(  hypertonic  solutions  (10  i>et  c«At.J 
NaD)  in  the  stomach.  Heroin  bc)iav«  limiluHy  (Langer,  tqti;  RIeiner.  1913). 
jwstro-intcitiniil  exrrelion  of  morphin  is  greatly  diminiibed  by  vegetarian  tUel  in  da 
(Valenii,  n)]*). 

EMtttimi  by  Inlatitir. — Marquis  found  mortiliic  in  the  Urge  intestine  one  hour  after 
Intravenous  injection;  in  the  small  intestine  only  after  two  hours.  The  larxc  intcatinv  , 
contains  the  laruer  amount.  Thi«  inilicates  that  moiphin  is  excreted  by  tlie  cnti 
of  the  whole  olimcnlarj;  tract.  With  oral  admiobtration.  the  morphin  may  reach  ihel 
intnlinc  directly,  within  half  an  hour  (Kau;cmann),  The  bilr  may  contain  tracer  in 
twenty-five  minutes,  but  is  icrnerally  neKativt  iKau^mann).  Tile  inleitiiul  excretion 
is  increased  bv  intf-ilinal  inilanli  (nuUtaja.  scnegn,  alcohol),  even  wIko  tbe  morphin 
has  been  administered  hypiidermi rally  (McCruddcn,  lyio). 

Quaalily  F.xcrelat  in't'efts. — Faust,  1000.  found  that  n  on -habituated  dog*  excreted 
by  the  feces  (tl>  per  cent,  of  the  morphin   which  had  bren  injected  hypodcmicallr 
(Cloctta.  190J,  recovered  jj  lo  il  per  cent.)     With  repealed  injection, a»  the  anlmaJa.. 
became  habituated,  the  feces  contained  less  and  lets  morphin  (twcn^'-sii  per  cetit.1 
after  Iwenty-one  to  twenty-four  days;  8  per  cent,  after  iwenly-Blnc  lo  lnirty-iw»J 
days;  none  after  forty  (lays);  althouKh  the  later  doses  were  up  lo  50  times  as  large  . 
Ihc  earlier  dotes.     It  is  evident,  therefore,  that  the  power  of  the  orgaiiism  lo  dot 
momhin  U  greatly  enhunred  by  hnhiluation. 

Qiianlily  ■>/  .Uarpkin  Kfcaverrii  Jram  tlif  Titsuts. — Cloctta,  igoj.  succeeded  in  t*- 
COvtrioK  about  one- third  of  the  injected  morphin  from  the  entire  bodies  of  non-lubiut-i 
ated  rats  and  pigeons  liillnl  In  five  to  twenty-four  houn  after  the  injection  ot  lacgM 
do*e*  of  morphin.     The  same  <[uantily  was  recovered  from  animals  which  had  bc<n< 
habituated,  but  left  without  morphin  for  two  da^-s  prior  lo  the  final  injection  (to  per- 
mit the  complete  elimination  of  retained  morphin).     This  indicates  that  the  deMruc- 
lion  U  not  a  rapid  procesa,  even  In  habitualcd  animala. 

DatTMlian  u/  hlotphin  in  the  Bcdy. — The  facts  described  in  the  precedira  sectSon 
leave  no  doubt  Ihal  the  morphin  is  largely  destroyed;  but  as  to  the  place  and  mannct 
of  this  deitturlirtn,  the  evidence  is  intomplele.  Il  indicates  ihat  the  motphtn  may  be 
destroyed  lu  various  orKan.->,  and  mote  actively  in  habituated  animals. 

Taubet,  iSqo.  could  not  demonstrate  any  destruction  on  pcrfunna  morphia  Umnt^ 

escJscd  liver  or  kitlney,     Cloctta,  igoj.  claims  the  disappearance  oloii*4Ltlh  t«  Olie- 

ihird  ol  the  morphin  diae*ted  wiih  oxygenated  emulsions  of  lung,  liver,  and  especially 

brain;  no  deftlructlon  villi  filtered  cxUacls;  so  that  the  action  li  not  due  to  soluble 

ferment*,  but  pre«umab)y  oxidative.     The  deslructlon  is  increased  in  habituated, 

animals.    Albancsc,  I40<),  found  practically  no  destruction  by  liver  initp,  from  eitbtfl 

normal  or  habituated  animals:  but  marked  destruction  dunni;  abatineficc  foIlawio(  ' 

habituation.    Otherorgans  showed  similar  but  weaker  destruction.     Dorlencotirt.  lol  j, 

again  claims  that  morphin  is  destroyed  by  liver  in  rilro,  and  that  ihi*  is  iiicrea»wl  ^ 

babilualion.     (Theories  of  decomposition,  Spitla,  1908). 
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F^e  in  Ckkk-rmiryat. — It  miwpluii  is  inj«L'lc(l  into  fCTtllbcd  riiKS,  which  arv  then 
incuba-Iod,  no  dntru^Mi  of  naorpbin  or  '»%  drrivutivct  onun  \i  lliv  cinbrjo  dies 
before  it  U  half  developwl.  I(  development  i»  tomplcleti,  bcruia  is  draifoytd  abuv 
lately;  morphin  vctj'  largely,  coddn  and  dlonln  iwt  at  alL  The  dMtniclion  Ihi-rctntc 
takes  place  only  after  a  crrtain  development,  iwrhaps  ol  the  nervous  lyslcm,  ha*  been 
rcoclicil.  The  alkyl  sroups  protect  tDC  morphin  nRiunKl  oxidation,  just  m  they  <lo  in 
the  kdutt  orsajkism,  WDilc  the  acetyl  groups  arc  cWdcnily  easily  separated  (Gnietn, 
J916). 

Fate  In  Fnts- — In  these,  the  destruction  is  very  stnall,  »nd  no  tolerance  is  ac(]uirct). 
The  cxcretloa  u  very  ^lovf,  exlcndin){  over  dxht  days,  and  occun  exclusively  Ihiouuh 
tbc  tdimeBtary  tract  (B.  Frenkel,  1910). 

Fate  of  Codein. — ^This  behaves  quite  differently  from  morpltin:  about 
80  per  cent,  is  excrclerl  unchanged,  mainly  in  the  urine,  but  somewhat 
abo  in  the  feces  {Taubcr,  1892).  Repeated  administration  does  not 
increaM  tis  destruction,  nor  does  it  appear  to  produce  tolerance  In 
animals  (Bouma,  1903). 

Heroin. — The  greater  part  is  excreted  unchanged  in  the  urine;  some 
also  in  the  feces.  A  pari  is  destroyed  and  this  destruction  is  greatly 
increased  in  habituation  (Langer,  1912). 

Oi»f»»t  SiAttaaees. — The  substances  which  give  the  duracterislic  odor  to  opium  are 
excreted  largely  by  the  urine,  and  also  fn  the  breath,  sweat  and  milk. 

Toxicology. — Acute  Symptoms  of  Morphin  and  Opium  Poisoning. — 
Suicidal  and  accidental  poisoning  by  morphin  or  opium  is  common,  and 
familiarity  with  its  successive  symptoms  is  therefore  im]Kirlant.  The 
following  description  of  the  morphin  effects  applies  equally  to  opium  (with 
ten  times  the  dose);  except  that  the  symptoms  do  not  appear  quite  (but 
almost)  at  promptly. 

Moderate  Therapeutic  Doses  (s  to  15  mg.;  ^3  to  }ri  gr.  of  morphin). — 
The  symptoms  ^cl  in  promptly  (five  to  ten  minutes  after  hypodermic, 
fifteen  to  thirty  minutes  after  oral  administration).  Tliey  begin  with 
slight  flushing  of  face,  sensation  of  warmlh  and  comfort;  lassitude,  giddi- 
ness, dreamy  state,  with  free  imagination  but  confused  intelligence;  mouth 
<lr>-  and  thirsty. 

The  patient  becomes  sleepy;  stin  pale; respiration  and  pulse  slowed; 
pupils  constricted.  Nausea  and  vomiting  are  exceptional  with  this 
dosage. 

In  a  short  time — the  sooner,  the  larger  the  dose — a  natural  sleep  sets 
in,  Lo-sling  six  to  eight  hours  or  more;  the  patient  commonly  awakens 
refreshed. 

Intravenous  Injedton. — If  the  injection  accidentally  enters  a  vein,  there 
is  tinnittis,  lachyt^rdia,  fainting,  but  usually  rapid  rccovi-r>'. 

Larf^er  Tkerapeutk  Doses  (20  to  30  mg.;  >§  to  J-j  gr.J. — The  initial 
symptom.'i  are  ihe  same.  Sleep  occurs  mor«  promptly  and  is  more  pro- 
found. On  awakening  there  is  usually  some  confusion,  nausea,  anorexia, 
and  constipation. 

Toxic  Doses  (100  to  300  mg.;  iH  to  5  gr.). — The  initial  symptoms  arc 
aa  described.  The  somnolence  deepens  rapidly  into  sleep  and  coma; 
severe  s^-mptoms  being  generally  conspicuous  in  five  to  len  minutes  after 
hypodermic,  or  fifteen  to  forty  minutes  after  oral  administration;  rarely 
dcuyed  for  one  or  two  Itours. 

In  the  earlier  stages  of  the  coma,  the  patient  can  be  iwrlially  aroused 
to  a  confused  consciuuitness,  but  relapses  promptly  into  lethargy. 

As  the  coma  deepens  {i.e.  almost  always  wnlhm  two  hours,  and  often 
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in  hall  an  hour  after  uking  ihe  poison),  the  patienl  can  not  be  rou«(l.tl>c 
reflexes  disappear,  the  muscles  relax,  the  jaw  drojis.  The  miosis  bwomci 
extreme  O'P'n-P"'"!  pup'l");  the  skin  pale,  with  cold  sweat,  finilly 
cyanotic;  fall  of  temperature;  respiration  very  slow,  irregular,  of«n 
Chcync-Stokes;  piiUe  »Iow,  feeble  and  often  irreRiiIar.  ConvutsioiH  ace 
rare  in  adults,  more  common  in  infants;  they  arc  sometimes  %'ioleDt,  Vit 
rarely  if  ever  tetanic, 

'I'he  respiration  stops  before  the  heart.  The  pupils  almost  alnrs 
diLale  as  the  terminal  asphyxia  sets  in.  (With  hcrom,  death  ts  due  to  the 
convulsions;  La nger,  iqii.) 

The  lime  of  dt^tih  is  usually  seven  to  twelve  hours;  sometimes  io  t«o 
hours  or  even  less.    Surviv'al  over  twelve  hours  indicates  a  good  piogiiout- 

AuJefty  SnJlHt'  *^  r>°t  chBractcrbtic.  There  nrc  only  the  comnMa  uel^iU 
Isions:  Cerebral  anil  nirninKMJoooKC*tion,»onie1ime«  with  MirousclTuiJOD;  lungs  1|)^B^ 
mic  and  Mimctimcs  edematous;  genenl  vcnoii*  congcstioa;  rardy  intMtiDil  oi  cemal 
ccchymoKt. 

Orditwry  Fatal  Dose. — Withmorphin,  thisiso.i  to  0.4  Gm.  (jtofigi.): 
with  opium,  3  Gm,  (45  gr.).  There  is,  however,  considerable  idioiji- 
crasv,  and  60  mg.  (i  gr.)  of  morphin  must  be  regarded  as  dongeiouv 
With  Jjo  mg.  (4  gr.)  the  prognosis  is  unfavorable,  even  under  trcatinot, 
although  patients  have  lieen  saved  after  4  Gm.  (60  gr.)  of  morphin. 

Recovery. — ^This  may  occur  even  after  asphyxial  convulsions.  TIk 
respiration  and  pulse  improve,  the  coma  becomes  lighter,  and  passes  inlo 
a  very  prolonged  sleep,  often  lasting  for  one  or  two  (lay*.  On  awakecii^. 
the  patient  is  troubled  with  hcadacnc,  constipation  and  digestive  dbtin^ 
ances,  often  vomiting,  itching,  impotence  of  tlie  bladder;  exceptiomlly 
excessive  depression.  Somelimes  tnc  recovery  Ls  interrupted  by  a  scrioifl 
relapw,  perhaps  through  llic  reabsorption  of  mor])hin  from  the  inleitiK 

tdiosyturasifs. — Infants  arc  highly  susceptible  to  morphin;  as  to  oUtr 
children,  tlicre  is  diScrencc  of  opinion.  The  female  sex,  and  patient 
weakened  by  di«ea«,  succumb  reLitivcly  easily.  On  the  other  hand,  Utp 
doses  arc  well  tolerated  in  diabetes,  in  delirium  tremens  and  in  tctiao*- 
In  fever,  morjihin  is  sometimes  exciting;  in  neurotic  patients  it  may  aW 
insomnia  and  delirium,  instead  of  sleep.  Nausea  and  vomiting  arc  VMT 
pronounced  in  some  indinduals.  Urticaria  has  been  observed.  Itdunf 
of  the  skin,  cSpwially  of  ihe  nose,  is  a  rather  oommon  svmptom  in  poisw- 
ing.  These  idiosyncrasies  should  be  remembered  in  tfce  therapeutic  1* 
of  the  drug. 

Death  has  been  reported  from  almost  incredibly  small  doses.  Lt*^ 
cites  two  fatalities  in  children  from  0.3  mg.  (Moo  Ki"-)  of  opium,  li 
adults,  0.2  Gm.  (3  gr.)  of  opium  (fij  gr.  of  moqihin),  is  credited  willi» 
death.  The  great  variation  in  the  susceptibility  of  different  aninultliu 
been  described,  man  beinK  by  far  the  most  susceptible. 

IJypcTSUtce^ibiiity  of  /«/«»/(. ^V'oung  animals  are  said  to  be  mote  i 
ceptiblc  than  adults,  with  the  exception  of  cats.     Docbcli,  191 1,  fronij 
clinical  and  experimental  investigation,  concludes  that  the  h)_ 
tivencss,  both  in  the  human  and  in  animals,  applies  only  to  the  age ' 
fore  weaning,  older  children  following  the  ordinary  rule.    This,  hef 
is  also  the  opinion  of  most  pediatrlsts.     The  special  susceptibility  d  1 
hngs  is  perhaps  explained  by  the  obaervalion  of  Hunt,  1910,  that  a  : 
diet  Kreatly  increases  the  toxicity  of  morphin  (for  mice).    The  h>-per 
ceptibility  exists  only  (or  the  narcotic  action,  and  is,  therefore,  in 
(or  codein. 
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infi^U*  of  Tkyreid  and  lodidi.-~U\iM,  1905  nnd  igo?.  found  th4t  fcedion  with 
thyiaid  or  todidt  tncrcatct  the  (iiw-cpliblli(y  of  iiiki-,  ruts  ind  guinea  pin  to  moqihin. 
Gilhcns  and  Mcltirr,  19M,  iind  in  rnbbiti  thai  iodlit  increases  the  norplitti  deprcsMon 
but  InMiiB  the  Ictttnk  cDccI,  and  thiTtfore  ilic  (atdity. 

Diagnosis  of  Morphin  or  Opium  Poisoning.^A  prompt  diagnosis  is 
ver>'  important  for  proper  treatment.  The  comii  is  tlie  most  ix>iispicuou» 
symptom,  and  its  gradual  dtvclopmftil  is  characteristic.  In  advanced 
poiioninK.  it  may  be  difficult  to  distiiiguisli  the  morphin  coma  from  other 
forms.  The  symmetrical  pin-point  pupils  arc  important,  but  it  must  be 
remembered  that  these  dilate  as  death  approadiea  (asphyxia).  The  odor 
is  characteristic  of  opium  poisoning. 

Differodtta]  Diagnosis  of  the  Origin  o(  a  Coma.' — Those  forms  of  coma  which 
I  nJjrtit  tic  cuii(uiiriiir'J  with  morphin  art  muinly  alcoholic  (ciiloial),  uremic  and  diabetic, 
cpil^tic  and  apuplectic. 

One  of  the  most  Importaot  points  is  furnished  by  the  pupils.  If  llicse  are  dilated, 
the  coma  is  probably  aicokolic,  but  may  be  diabetic  With  pin-point  pufUs  the  coma 
is  either  from  o^i'uni  or  ^Dfifmcu^ii^^iy.  If  thclalter,tbcy8TevetyofCen  uaequkl.  Bad 
on  lifting  the  arms,  one  may  often  detect  a  paralysis. 

The  pupiU  muund  readily  to  li((ht  in  epileptic  coma,  not  in  the  others. 

The  srael!  of  Ike  briath  furnishes  presuinpli\'c  evidence  of  .Jd""*"/- poison i rig,  but  It 

is  not  a  definite  proof,  since  lliis  substance  is  often  iciven  as  an  aulidole.  and  in  ?so  of  ten 

fpnsent  ia  quantities  which  would  not  cause  a  coma.     The  smell  ii.  however,  uiunlly 

diaracteRitic  of  opium,  iirfmin  and  diabelfi,  but  not  of  morphin.     I'rcmia  would  also 

b«  charactcrjxed  by  .ill'iimiH  in  the  uriar. 

There  are  yet  other  forms  of  coma  which  may  l>e  confuse*!  with  these,  but  no  rules 
can  b«  laid  down  for  them.    The  biatory  is  often  of  the  greatest  importance. 

Treatment  of  Acute  Morphin  and  Opitint  Poisoning.—Tlie  first  indi- 
cation is  lo  empty  the  stomadt,  and  this  no  matter  whether  the  drug  has 
been  taken  by  the  mouth  or  hypodermically.  If  narcosis  has  already  set 
in.  emetics  may  act  too  slowly,  and  it  may  be  ncccssarj'  lo  employ  a  stom- 
ach-pump. The  best  (hemic  antidoU  is  potassium  pt^rman^anale,  about 
0.5  Gm.  per  liter  (5  gr.  per  quart)  by  lavage;  orally,  a  0.1  Gm.  (i^j  gr.) 
in  a  tumbler  of  water.  Tannin  is  not  very  effective.  The  patient  should 
be  kept  oivake  as  far  as  |K»ssible  and  in  constant  mt/vement,  since  this  con- 
tributes to  the  better  tone  of  the  medullary  center.  Kefiex  slimulttnts 
iinay  be  employed,  such  a.1  cold  abltttions,  tlie  inhalation  of  ammonia  in 
(the  form  of  smelling  sails,  h>TKKlermic  injections  of  ether,  etc.  Caffein, 
especially  in  the  form  of  strong,  black,  hot  coffee,  is  the  best  physiolofpc 
antidote.  Alropin  may  be  valuable  if  tlic  dose  of  1.5  mg.  (?-io  gr.)  !»  not 
exceeded.  The  patient  should  be  kept  warm.  If  the  breathing  shows 
signs  of  failing,  artificial  respiration  should  be  supplied. 

\Micn  the  danger  is  over,  the  constipaiion  which  usually  follows  should 
be  relieved  by  cathartics  and  cnemata. 

Penmat'"'^- — De  Buschcr  (1904,  1005)  has  found  Uus  edeutivc  in  rabbits,  even 
wbeo  it  vas  administered  three  nour^  after  the  morphin;  it  was  much  less  successful 
with  dofs.  It  was  quite  ineQcctive  if  Ilie  mor^iliin  was  Klven  subcutaocously.  Nothing 
conld  be  e:q>ected  from  the  hypodermic  injection  ot  permanganate,  since  thiii  would  be 
dcctroyed  before  entering  the  circulation. 

Alropla. — This  has  been  used  extensively  and  somewhat  indiscriminately  in  Ike 
tnatmcMt  s§  morph'm  pmiening.  It  ii  a  very  dangerous  remedy  in  this  cuudiliuo.  The 
most  coiupicuoiis  antagonistic  actions  of  these  two  nnitmns  arc  on  the  pupil,  heart-rate, 
psychic  processes,  tectetions,  etc, — in  diort,  u|«ni  lunclions  which  are  of  very  subor- 
dinate  importaiicc  in  dangeroua  coses  of  poiiontng.  Any  useful  nntaiionbm  must 
be  saoitht  in  their  actions  oi\  the  circulation,  mpiraiion,  and  metabolism.  K  careful 
ttuiy  win  show  that  the  effects  of  morphin  and  ntrapin  on  theie  lunctioiis  are  antag- 
Mlbtk  only  with  certain  stages;  whilst  more  severe  grade*  are  actually  synergistic. 
>  Const    A  OOTidiiion  of  inseiHibility  from  (rhich  ihc  patirnt  can  nni  ht  niaiUtA. 
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The  IfttCT  puii])rtic  efiecii  of  atrapin  coincide  vnth  thoK  of  moiphin;  wklUi  in  the  last 
■tum  of  morphin  poisoning  ihc  crnirrs  arc  too  );rcaUy  (l«pm»«(I  to  rcspoDd  to  the  ttow ', 
ao7waJc  ttimuUuon  of  atfoplii.  Thr  uirfulnr-st  iif  thii  antidote  txiils  tkerffart  anly  if\ 
moderaU  data  o/  atfapin  tire  [iven  in  mcdmU  itmrphtn  faisoning  (or  vkt  N***).  1'l»*l 
conclusion  U  supported  by  several  wries  of  uprrimvnts  on  unimalt.  As  a  praclini] 
deduction.  Ihc  ntropin  should  be  given  hypodermirnlly  in  the  dost  of  1.5  mg.  (!^o  S'-2] 
andthiisliould'H'f  IJonrpcalrd.  It  igfair  to»tiite.  bowcver.that  thUUnociheuntvcnalf 
opinion.  For  inilance,  Roch.  1007,  udvi.in  3  m^.,  frctiuenlly  repeated,  until  the  pupfls 
begin  to  dilate. 

Cocaitt. — A  general  unlagonEsm  Clint  AfilBolictwccnmorpliiu  and  small  do«Cs  of  <■>(«£>,  ' 
(specially  us  regards  the  eSecIs  «n  temperature  and  metaboliim.    Lar^  dOMS  W*! 
lyDerglsliCi  and  as  liic  susceptibility  to  cocain  is  variable,  ibi;  hypodcraitc  diost  of  OAt 
Gm.  (jj  gr.)  should  not  be  extceded. 

AruU  RerMn  Poisoning. — AnimuU  arc  killed  by  the  convuliions;  if  these  are  ote- 
vented  by  etheiization,  almost  double  the  fatal  dose  may  be  lurvivcd  (La&set,  iqij). 

Chronic  Opiumism. — Etiology;  Early  Effects. — Opium,  Morphin  anc 
Heroin  haljits  arc  unfortiinaldy  very  prc\'alcnl  and  together  with  It 
Cociiin  habit  (and  to  a  much  lesser  extent  of  "Ha>hi.ih'')  ihey  constitute 
one  of  the  terrible  scourgos  of  modem  times.  All  these  drugs  produce  W 
first  a  feeling  of  well-being,  relief  and  contentment,  of  stimulation  and 
freedom  of  imftgination,  and  of  case  and  facilitation  of  mental  e£Fort. 
These  agreeable  actions  vary  in  degree  in  different  individuals,  and  there- 
fore all  do  not  fall  their  victims  with  equal  readineNK;  women  and  neurotic 
and  dissipated  individuals  are  especially  in  danger,  if  they  become  ac- 
quainted with  the  effects  of  these  druga.  The  majority  of  the  heroin  andJ 
cocain  addicts  begin  the  use  through  curiosity  or  di»i<ipation  (Dr^'sdale^J 
191S,  Mclvcrand  Price,  1916};  but"Patentmedicincs"(cough,constiini 
tion,  diarrhea,  and  cularrh  "cures,"  etc.)  arc  Twponiiible  for  many  caMS.1 
Physicians  must  also  be  on  their  guard  in  prescribing  these  drugs,  even  in 
acute  conditions.  Mclver  and  Price  found  that  most  cases  of  mor- 
phinism arise  from  the  medicinal  use.  The  continued  use  of  opiates  will 
lead  to  the  habit,  or  disease, in  practically  every  one,  and  ts  therefore  excua- 
ablc  ordy  in  exceptional  conditions,  such  as  hopeless,  painful  diseases 
{cancer,  etc).  Petley.'i  believes  that  ihc  habit  becomes  firmly  established 
when  the  drug  has  been  used  daily  for  a  month. 

lliitorkal. — Whilst  tlie  therapeutic  use  of  Opium  dales  botl:  o(  tUppocrales.  its 
habitual  u&c  seems  to  be  of  more  recent  origin.  The  tint  authentic  recortk  US  in  tha  1 
bCRlaningof  the  sixteenth  century.  It  would  item  that  it»  um-  !<•  much  older  in  India] 
than  in  Turltey,  and  thnt  the  Mohammedans  Uatncd  it  through  The  conquest  of  ihaJ 
former  country.  Their  acquaintance  wilh  cannabis  Indlca  i&  iif  much  earlier  date] 
The  ciihtence  of  Ihc  opium  habit  was  at  lint  confined  to  the  Orient:  iti  introductkNl* 
into  Europe  and  .\menca  it  of  very  modera  date — it  began  in  the  Uniteid  States  about 
iS&o. 

PrmalfWf  of  Opium  and  Coaiin  Habil. — It  is  impouuble  to  secure  reliable  statistics: 
but  some  idea  may  be  i^ained  from  the  (act  that  of  about  600,000  pounds  of  opium,  or 
Itt  equivalent  in  morphin,  and  of  corn  Irnvi-^  ri>rns[>undini!  to  perhaps  ijo.oooooticcs 
of  cocain.  which  are  imported  annually  into  the  I'nilcd  States,  at  leart  half,  and  momj 
probablv  nini-Ienlhji.  are  used  by  habil  ufs.  The  alarming  increase  of  the  habit  may  be " 
judged  (ly  this,  thai  whilst  the  pupulution  in  the  pait  CJty  yean  has  larrcaMd  i^j  pec 
cent.,  thi;  importation  of  opium  has  increasiii  ;jo  per  cent.  (II.  Wright,  1910};  ana  In 
addition,  the  cocain  and  heroin  habits  took  their  ii<e  only  within  this  period.  In  Ten- 
BCMcc,  rciciattation  showed  o. I  iiercent.  of  the  population  to  be  alliicted  with  dnix  Kabila 
(Wllberl.  1915).  From  thi«  and  other  data,  he  eslimalei  the  number  of  drug  addicts 
in  the  United  SlatH  as  not  over  300.000.  The  applications  to  the  city  inNtituttofts  of 
Cleveland  (or  relief  of  opium,  morphin .  heroin  and  cocain  habit*  in  coosequeiKe  of  (be 
Harriion  Lan,  nmounleil  to  about  001  firr  rent,  of  (be  population.  Of  tbe  lirty  MT 
ca*ei,  (otly-ciKht  used  opium  or  morpkin;  twenty-nine  hcrom,  *even  COcaiD  (DiyMtfai 
19IS>. 
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Ofinm  llohil  in  Children. — Tim  w  unfortunately  not  nt  fill  rarr.  It  is  osually 
•tkrtM  by  the  inUisiTiminatC  employmeDt  of  parcsoric  and  other  sootliiuic  »yrups, 
liin  prvwnt  the  rypirnl  symptoms.  Withdrawal  of  Ihc  m<dicinc  is  loUowciI  oy 
rmlfr  lilli)  in.  waJcefu1^^!^.  nad  every  tadlcalioa  of  suffering  and  ilutrcin.  The  treat- 
ment would  be  mainly  hygienic-  \ 

Forms  of  Opium  Habit. — Tht-  drugs  arc  introduced  by  all  poKiiblc 
chaiinebi:  by  the  mouth,  hypodermically,  by  HmokmK>  by  ^uppoMtories; 
and  heroin,  like  cocain,  by  suuffing.  The  effects  arc  very  similar  in  all 
cases. 

SmMmt. — Thiaismninly  praclise-d  in  ihc  Orient;  but  the  International  Opium  Com- 
ion  tsumaics  Ihai  there  ate  iu  the  United  Slates  probably  over  loo.osa  opium 
ken,  oataide  ol  the  CbineM. 

Smoking  opium  (chandoc)  is  prq)ar«d  by  tlie  Chinese,  by  ft  complicated  proccM  of 
[toastinic.  and  repifalcd  cxtmi-lioa  and  evaporutlun.  Its  moiphin  cootoot  Is  about  the 
me  as  tbnt  of  orilinarv  opium.  It  hiu  been  claimed  that  the  opium  xmoke  doe«  not 
Btain  morphia  (i-.f.,  ^ailwich  and  Simon,  igoj);  but  Polt,  1911,  has  proved  that 
sbin  is  indeed  lie  active  coDsiitucal,  It  lia»  hwn  laid  ihut  Oritnlati  are  Ins  in- 
t  by  opium;  but  ibis  is  mninly  briznusc,  in  smnkinK,  smaller  quantities  arc  consumed, 
ith  longer  intermissions.  The  hvpudctniit  inirlhod  is  now  bi'Citminx  tlie  more  popular, 
nd  with  it,  the  Chinese  proenl  the  same  phL-nomcoa  as  Kuropeons  (A.  S.  Rochester, 
ri90Q).  The  Chinese  ffovernmcnt  ba«  been  making  serious  aad  successful  efforts  to 
^■upprew  the  opium  evil. 

Beroitt  ZfafriV.^This  has  become  very  common,  especially  in  the  form 
of  "snuffing"  (J.  Phillips,  1911;  bibliography,  Farr,  1015).  It  exhibits 
all  the  phenomena  of  the  moqihin  habit,  and  its  cure  presents  similar 
difficulties  and  dangers  (Manguat  and  Blondel,  1903;  SoUicr,  1905; 
FaunlltToy,  1907;  Duhem,  1907;  McTver  and  Price,  1016).  Falaliiies 
(rom  overdosage  arc  also  more  common.  The  quantities  consumed  daily 
average  0.6  Gm.  (Mel%'er  .and  Prici:),  may  reach  i  Gm.  (Wholey,  191 1)  or 
even  J.8  Gm.  (Comar  and  Buvat,  1904);  so  that  considerable  tolerance  is 
acquired.     Snuffing  cau.ses  rhinitis. 

Coddn  BabU.—Codcin  is  not  nearly  so  apt  to  induce  a  habit,  although 
this  has  been  reported  (Pclz,  1905;  Petteya).  IJttlc  is  known  about  habit 
from  the  other  moqjhln  derivatives. 

Later  Phenomena ;  Tolerance ;  Degeneration. — The  more  or  less  un- 
pleasant imiiicdiait:  aflcr-tlTecis  of  morjjhiii  h.ive  been  described  under  the 
toxicol(^.  These  also  var\-  in  intensity  in  different  indivi<luals;  in  many, 
the  famed  dreams  of  the  opium  cater  degenerate  into  frightful  nightmares. 
\s  the  U!»c  of  thf  dnig  is  continued,  an  increased  lolenince  to  il  beaimes 
gradually  established.  The  desired  effects  are  weaker  and  evanescent, 
unless  the  dosage  is  progressively  rai.ted.  Thi*.  hovtever,  exaggerates 
the  tmplcasant  after-effecls.  Most  habitues  use  the  rlrugs  as  stimulants, 
rather  than  for  pleasurable  effects  (Bishop,  1913).  Moreover,  any  at- 
tempt to  stop  the  drug  results,  not  only  in  violent  craving,  but  aUo  in  more 
serious  and  even  dangerous  "abstinence  symptoms.'"  The  patient  now 
takes  the  drug,  not  because  he  desires  it,  but  because  he  can  not  do  without 
it.  The  organism,  accustomed  to  working  under  the  infiuencc  of  mori)bin, 
re\-olts  against  its  withdrawal.  When  these  drug  habits  have  taken  a 
thorough  hold,  they  rtyise  lo  be  mere  vices,  and  become  real  diseases,  with 
physical,  as  wcil  as  mental  and  moral  degenerations. 

Thf  Af^irai  Tolrratue. — ^This  may  reach  a  remarkable  degree,  so  that 
extraordinarily  large  doses  can  be  taken  daily  without  producing  acute 
poisoning,  and  are  even  nceejiSar)'  to  prevent  the  withdrawal  symptoms. 
TlUs  immunity  to  morphin  is,  however,  never  absolute,  and  death  from 
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overdoses  forms  the  most  frequent  "cxcitus  leUlJs"  of  i1k  noqiUii 
The  tolerance  is  losi  if  the  drug  h  disconlinued. 

Tlie  toicrancc  is  explained  partly  !>>■  a  very  conudetable  increa.v  in  the 
power  of  the  organism  to  destroy  inorpliin ;  but  since  the  destruction  pf»- 
ceeds  more  slowly  than  the  absorption,  there  must  aUo  be  an  uecimnd 
toleraacc  to  the  action  of  morphin.    No  "antitoxin"  is  formed. 

The  doSy  Mtuumpiion  of  raorphi":  This  u  KtneraUy  about  i  Cm.  (Hdiwiil 
Price,  toi6):  but  as  much  as  5.5  Cm.  (85  gt.,  or  oac  and  tiro-thircU  of  tbeonSsiqr 
bottle*)  hnK  been  rcporlcd.  Kvcn  tanccr  do»N  are  claimtd  hy  patienls;  but  tbeittun- 
mentt  are  generally  unrc^llable,  since  the}'  are  mg^lc  in  the  hope  that  the  drag  *il* 
withdrivvn  more  gradunll)'. 

Bishop,  1013,  stale?  Ihut  the  toicrancc  penlsts  uaimpairett  after  ««r«a  maalbil 
abttioence.    In  Animals  at  Ici^l.  il  disappear  in  a  few  oayt- 

Tokfatue  In  Aiiimali. — This  can  be  induced  in  dogs  (Faust),  rabbits,  RMlkOlX 
■nd  pigeons  (Cloclia.  1003).     Frogs  Mem  to  become  more  MUCeptible, 

Tlie  Explanation  of  Aciuiied  TnUranee  to  Morphin. — TliU  hax  bees  the  nbj«Ctt< 
many  Invcetlca^ou and  thoorlca.  Marmf,  iSSi,  aimed  to  ibow  that  moepfab  U  tni»' 
formed  in  the  body  into  oxydlmorphin,  to  which  be  attributed  actioni  precisely  lit  *■ 
vvnx  tA  morphin.  Tl  nould  thus  eipkin  both  the  tolerance,  and  the  aiMtincnce  vft^ 
lODU.  liiU  (licor>'  liu.t  only  hi-toricxl  in^-rc?.!,  since  Dooatb,  iSJM,  anil  Marautk  itfi, 
have  shown  that  uxydimutphin  it  not  formed;  and  moreover,  tbe  properties  of  thli  d^ 
stance  do  not  iLgrce  with  the  auumption  o!  Marmj. 

Another  theory  nliich  may  be  dUminsrd  i*  the  lormation  o(  an  antitoxio.  tSw^ 
Iaff.1901, claimed  that  thesenimof  habituated  animaUii  protective;  l>ot  hit  efoi- 
mcnts  arc  dlK'rcdited  by  the  negative  results  of  Morgenrolh,  190J,  and  Cloetu,  Mf^ 

The  Increaaed  destruction  of  morphin  (Fame)  and  of  heroin  (Lander)  In  habituili' 
animals  must  be  a  (actor  in  the  protection,  but  can  not  explain  it  completely.  1W 
cx)>enmenl3  of  Ooctla  and  of  Rucbsamen,  1008,  incidatc  that  ihii  dcttructioB  is  a  Mb- 
tlvely  ilow  pnxest,  lo  that  the  tiiuue'i  must  in  the  meantime  be  enwMd  toalat(eaoKMt 
of  morphin.  van  Esmond,  1911,  found  that  habituation  to  tne  toxic  eSecl  docsatf 
dimini'ih  the  KUKeptilulity  to  the  ccnital  vai(us  Mimulatian.  In  futtbcr  coalnill* 
the  vagui.  the  respiratory  center  and  the  pupil  acquire  marked  tolerance  ia  doa  [Mt 
in  rabbitt,  van  Dongen,  lois).  Langer.  1911,  alao  Rtatoi  that  the  acquittd  tomM 
of  dogs  to  the  narcotic  action  of  heroto  docs  not  extend  10  Its  convulsive  ctftett.  tw 
pcnbteace  of  some  of  the  eSect>;  provn  that  the  disappearance  oJ  otlicn  esa  oM  h 
diKtodestructionof  the  alkaloid. 

Bfherfeld,  iQie,  found  m>  diHeceme  in  the  lipoid  content  of  the  braluof  MnwM 
habituated  animals. 

Crossed  Tttrrancr^ — Dogs  habituated  to  morphin  also  show  marked  tolerance  loetH 
heroin  and  codetn.  as  reeards  the  re«ptratary  eSccts;  slight  ax  to  cquilfbrlnm;  neneul* 
heart  or  peristalns.    They  have  not  acquired  toleration  toward  cannabis  ot  thteiL, 
(H.  B.  Myci*,  ijts). 

The  later  cotutequefices  of  opium  habU  are  initidioUi^  but  notte  tbf  I 
dangerous.     For  years,  victims  of  the  habit  may  a^icaT  quite  Romttlj 
super6cial  observers,  but  closer  attention  would  even  then  reveal  stguj 
the  di.tease.    Especially  characleri.'tlic  Is  the  variability  o(  mc 
pressed  or  stimulated— according  to  the  interval  since  the  last  dose. 

The  physical  pkfnomrno  relate  at  first  to  the  digestive  tract:  obs 
constipation,  alternating  later  with  equally  obstinate  diarrhea;  hMtJ 
appetite  alternating  witli  voracious  hunger  and  thirst,  and  poly 
These  disturbances  of  digestion,  as  well  as  the  more  <lircct  action  o(j 
drug,  arc  not  long  in  showing  their  effects  upon  the  rest  of  the  body, 
patient  loses  weight  rapidly  and  suffers  from  marasmus  and  carhexi>.'| 

The  jjtm  becomes  hard,  pale,  dry  and  rough.     The  nails,  teelh  ■ 
hair  are  also  diseased.    The  condition  of  the  integument  is  rendered  1 

■  TtuM  *r*  (ire  iU-itcSiKd  Wtmi.     TOn  lumiei.  mintmui.  lianUrioi  •  <aallnii«i!  low  i. 
of  ttw  nntnlion  and  4  wulififf  of  tbe  AbbK  vitbmjt  Ap^ihirvnt  nricknic  cauh.    CactxKia  tlu  1 
•  *u»ag  nt  Uie  t»dy,  vlih  •ome  itnltlns  chaDEC  In  (be  (latum,  which  ar*  naaslly  g 
ItUow. 
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the  local  effects  of  the  injixiion  when  U»c  druj?  U  used  hypodcr- 
ally.  The  whole  jkin  may  he  moUltii  with  scars  and  marks  of  reci-nl 
older  injections,  and  at»cc:>^A  arc  often  produced  through  want  nf 
3ttnliittt!i.  Even  when  tJic  drug  is  used  by  the  mouth,  the  entire  &kin 
>iUD  acquires  a  peculiar  waxy  appearance. 

Tie  pu^s  are  almost  invariably  contracted;  the  eyes  lose  luster;  so 
Alt  an  opium  user  may  often  be  recognized  from  his  appearance.  The 
pofAuy  and  accommodaiioii  movements  are  alTecled.  The  heart  i% 
n^iiu.  At^wninuria,  glycotvria,  and  amenorrhea  are  frequent.  I'he 
taatfmctwtts  are  lessened  (functional  impotence,  sterility],  but  usually 
Rtomon  withdrawal  (Wholev,  1912).  Fevers  resembling  simplex,  inter- 
ninmt,  and  tj-phoid,  arc  often  seen.  The  motor-nervous  system  shows 
CMaderable  change:  ner\*oiis  tremont,  increased  reflex  irriiability,  etc. 
Hmx  conditions  sooner  or  later  weaken  the  resisting  powers  of  the  patient,' 
wiUt  he  falls  an  easy  prey  to  some  other  ailment,  and  thus  rarely  reaches 
1*1  itt.  However,  the  hibit  may  persist  for  over  thirty  years  (Mclvcr. 
Md  Price). 

The  effects  on  the  eharaettr  0/  the  paltenl  are  even  more  deplorable^ 
Hitttnlcs  progressively  to  the  lowest  level  of  unscrupulous  cunning  and 
ManSce.  It  is  very  doubtful  whether  the  testimony  of  an  opium  user 
ucrer  be  accepted,  evi-n  in  Instances  which  do  not  affect  him.  He 
(caoMS  absolutely  incapable  of  any  effort.  Duty  no  longer  appeals  to 
in, and  in  order  to  escape  it,  or,  still  more,  in  order  to  obtain  hi.t  drug,  he 
nUmort  to  any  lie  or  any  trick,  no  matter  how  dishonest.  He  will  prom- 
■tcvcr)'thinK  and  fulfil  nothing.  Were  he  not  so  cowardly  and  disjnclincd 
>.oi  rather  incapable  of,  any  effort,  he  would  be  lit  for  any  crime.  Ifis 
ndltioo  is  all  the  more  unhappy  since  he  fully  realizes  it  and  sees  himself 
kkiilrae  colors.  He  makes  grand  plans,  and,  at  the  same  time,  knows 
Wt  be  can  never  summon  the  energy  even  to  begin  them.  Add  to  this 
ktbci  that  he  is  a  sociitl  outcast,  and  it  i«  dilliruU  to  imagine  a  more 
Bhippy  condition.  To  the  physician  he  should  appeal  as  a  sufferer,  a3 
■tiMicted  withaformof  iiuianity ;  one  who,  like. -inyotiier  insane  patient, 
mid  be  treated  with  unflinching  firmness,  but  with  the  most  considerate 
adncss.  Only  in  this  way  wilt  it  be  possible  to  help  him.  He  is  himself 
|«oid  of  the  necessary  will  i>ower,  and  this  must  to  some  extent  be  sup- 
ted  hy  his  physician  and  attendants. 

Abstioeace  Symptoms. — The  withdrawal  of  morphin  from  those  accus- 
ntd  to  its  use  leads  to  a  train  of  very  severe  effects,  the  severity  being 
nportional  to  the  rapidity  with  which  the  drug  is  n-ithdtawn  and  to  the 
>H«faIch  has  been  used.  Prominent  throughout  is  unesdness  and  re»t- 
■nas,  with  almost  uncontrollable  craving  for  the  drug,  passing  sometimes 
(0  a  tnie  mania.  Be^dcs  ihi.s,  the  first  symptoms  consist  in  spasmodic 
Imlag  and  sneezing;  coiyza  and  lachrymalion;  and  hoarseness.  The 
flli  ojlate  again.  Most  conspicuous  are  muscular  twitchings  and  vio- 
It  pains  or  "cramps,"  sometimes  in  the  abdomen,  more  a)mmonly  in 
t  legs;  also  headache  and  other  neuralgias.  The  e-ttremities  arc  cold, 
t  bod  coogested.  Insomma  is  a  very  constant  symptom;  the  patients 
veiy  irritable  and  excitable,  and  this  condition  may  culminate  in 
\n\tm  or  acute  mania,  often  suicidal.  Women  often  have  hysteric 
tcka.  The  digestion  U  profoundly  dtfiiurbe<l.  presenting  the  symptoms 
I  violent  functional  gastroenteritis.  The  most  dangerous  phenomenon 
udden  coUapsr,  uihere'I  in  bv  irregular  and  weak  pulse,  alternating 
sxircmcs  of  rapidity  and  slowness,  cold  sweat,  and  general  |)ro»- 
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trallon ;  and  often  ending  fatally  by  heart-failure,  tii'ii  collapse,  if  KCvere, 
dcmanti.t  the  prompt  injcclion  of  a  moderate  dose  of  morphia,  which 
generally  causes  the  symptoms  lo  disappear. 

The  abstinence  symptoms  are  practically  absent  if  the  patient  is 
rendered  delirious  by  scopolamici  (Wagner  and  Riewel,  1905).  This  sag- 
gesta  that  they  are  mainly  of  psychic  origin. 

Absllnentc  SympUmn  in  Aniimth. — According  to  Valcnto,  1914,  tbcK  tbovt  cir- 
culatory diblurbances,  ittrhylhmk,  ta^hycardin,  low  blood  prcMuie,  elc;  andhcktuea 
thnt  th^e  effccis  are  producwl  stutclv  when  abstinence  blowl  is  Injected  intononul 
itnimitls.  He  tinds,  furtlicr,  that  the  blood  retains  thii  prop«fly  long  kftcr  the  monihin 
has  btMfn  stopped,  which  »pcak3  iklhcr  against  an  analogy  irith  the  liumm  vMi- 
ncnce  tymptoms. 

Treatment  of  Opium  and  Other  Drug  Habits.^The  prime  indication, 
as  in  all  diseases,  is  the  removal  of  the  cause,  the  withdrawal  of  the  drug. 
This  must  be  done  under  medical  supervision,  best  in  special  institutions, 
for  the  patient.4  have  neither  the  will  ptiwer,  nor  the  phyxical  resistance  to 
carrj'  it  through  unaided;  attempts  at  self -treatment  arc  generally  unsuc- 
cessful, and  always  dangerous.  In  fact,  the  closest  sur\'eillance  of  the 
patient  is  indispensable,  both  to  prevent  clandestine  continuance  of  the 
habit,  and  to  control  the  abstinence  symptoms.  The  main  object,  there- 
fore, is  to  withdraw  the  drug  without  danger  or  too  great  discomfort  lo 
the  patient.  When  the  drug  has  been  completely  stopped,  c\'cn  for  a  few 
<lavs,  the  desire  for  it  di.tappear»,  and  the  patient  may  be  considered  cured, 
altWugh  still  in  need  of  tonic  treatment.  Unfortunately,  the  scducti\-c 
memories  remain,  and  when  occasion  offers,  sooner  or  later,  relapses  are 
all  too  common,  often  within  a  few  weelts.  Thewrcmarksapply  equally 
to  cocain  and  other  serious  drug  habits;  and  the  trcatjnent  of  these  ts 
identical. 

Methods  of  Withdrawal.' — .■\tlcmpt3  at  " insettsiblc  vUMrau-al,"  by 
very  gradual  diminution  oC  the  dose,  amiiunls  to  useless  and  protracted 
agony;  the  sensations  of  the  patient  gauge  the  dose  with  surprising  ac- 
curacy, and  their  patience  reaches  its  end  long  before  the  drug. 

Rapid  vntMrawol  ts  much  better,  and  generally  succeeds  if  the  patient 
can  be  supervised.  With  this  method,  the  drug  is  reduced  as  rapidly  a* 
can  be  borne  by  the  palienl  without  proilucing  ver>'  violent  reaction. 
It  is  better  to  begin  by  reducing  the  number,  rather  than  the  size  of 
Uie  doses.  Profuse  catharsis  is  a  very  effective  adjuvant.  The  with- 
drawal may  be  completed  within  ten  to  fourteen  days.  Very  hot  baths 
relieve  the  restlessness  and  insomnia;  salicylates  the  "pain»"  (Mcl\*er 
and  Price,  1916).  Tlie  treatment  is  effective  and  not  excessively  difficult 
(Drysdale,  1915). 

Sudilen  eampUte  Vfitkilraioal  is  both  cruel  and  dangerous.  It  can  be 
made  more  pleasant  by  substituting  another  habit-dn^,  but  this  accom- 
plishes nothing  more  than  the  deceit  of  the  patient,  and  is  no  better  than 
tlie  many  advertised  "Moqihin  Cures"  which  are  tldnly  disguised  solu- 
tions of  moqihin. 

The  Sfopoliiniin  Tretilm/rnl  of  Drug  Ilabils. — ^Thi»  permit*  the  sudden 
and  complete  withdrawal  of  mor|)hin,  cocain,  or  alcohol  from  habitues, 
without  the  usual  unpleasant  results.  It  depends,  apparently,  on  the 
maintenance  of  a  mild  delirium  or  "twilight  sleep"  wnich  renders  the 
patient  more  or  less  unconitcious  of  the  withdrawal.  .Recording  to  ibe 
experience  of  Wagner  and  Kicwel,  1905,  the  cure  can  be  completed  in  a 

■  Pullir  ihHrtpiioni  uf  (he  itunduM  mrlhodi  an  fuund  in  Iba  ].A.UJt.,  64:  loii.  ivij. 
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VRV few  days,  and  is  iis  complete  as  with  any  of  the  more   difficult 
Btiliodt. 

Otbik— The  trvatnwnt  «inu»u  in  absolute  withilnwBl  ol  tlie  drag,  umi  In  auIialDis- 
Mbc bnotleniitcallx  a  mixtuic  of  Kopolaniin  hydrnbromM,  o.j  mg.  (*joo  gr.); 
linVM  Wplutc, O.I  iiu!.(UoaKr.),  strychnin  Hilphalc.  o.«  iiik.  (Hso  kO.  toii  water 
IjU.  t>5  ninlna*).  Tbc  &r«t  dOM,  wluch  m  ui^unlly  without  tbuIU,  U  tepoattd  in 
miff  10  two  boun,  and  >Bsia  La  odd  and  one-half  hour*,  and  ihcn  evecy  oofr-ltaU  to 
tMlnun.  natil  tlie  full  ncopoLunin  cRccI  U  iodicatcd  by  ilrj'  throat,  f!u«hed  face,  dilated 
p^ik  NMleMAOi,  and  mild  delirium.  The  ^.ilicnt  is  maintoinrd  oonlinuouiily  in  (hit 
riUttathrBc  Of  four  days,  by  repeating  the  injection  every  tvo  to  six  houn.  reducing 
Ai  iMlirtiatl  dOM  to  half,  if  po«iibIe,  Coiutant,  careful  and  skilled  watriiinK  of  tlie 
pticil  ii  Indispensable.  11  iiic  polae  (whJcli  remiuns  onlinarily  of  iiormat  chaiaciet, 
■ilk  I  rate  of  oo  to  70)  >bould  fall  below  50,  or  rise  Above  t  id,  tbe  treotmcat  is  iaier- 
■ieui,  asd  Mcnc  strychnia  aad  «  very  litile  moiphin  are  given. 

Tie  itcaad  day  usually  producn  some  abttLaence  symptoins  (violent  atuclis  of 
■Mri^  and  some  saslro-imcftioat  phenomena),  but  tbese  are  rarely  of  sufiicieot 
■<Bly  to  require  woclal  altvntlon. 

Tk  patient  can  be  about  llie  room  iliroui-hout  Iho  trtalment,  aad  reoeivcii  "lever 
'U.*  liic  didirium  u  usually  mild  and  buiy,  llie  patient  being  mainly  cnsnged  in 
fittfaf  ima^iDary  iiuccls  etc- 

JU  the  aid  of  the  third  day  Uie  injeeiions  ate  slopped,  to  sec  wheiher  crat-iag  for 
lW4)(  irill  retimi.  Should  this  occur,  the  trentmcnt  b  cootinued  for  another  day. 
TVs  fi  rardy  miulred. 

Hf  tdmierf-lViiiu  If efii>J,  desoibed  by  A.  Lambert,  loog  and  totj,  scenu  to  in- 
■^tWunenriMiplea,aiaceit  u*u  cuentiaUy  Hyoicyamui  and  Bcllodcinaa.  (I>e- 
tAlt  J.A.M.A-.  tgit,  V,  jO,  P-  joji  v.  60,  p.  193^.)  ColUp«e  sometimes  occurs 
iHUrj.tiUS). 

Ntiirfim  hai  also  been  employed. 

SoMi,  iftA.  advbcv  a  iBctbod  Including  soopolamin,  pitocarpln  and  elhylmorpliln, 

TV  Afltr-irtalment. — ^This  is  important  with  ail  methods.  The  patient 
ibMU  receive  tonics,  nutritious  food,  and  rvst  for  several  weeks,  Insom- 
iM  U  latkcr  trouWesome  at  first,  and  should  l>c  relieved  by  giving  chloral 
ladbfomid  for  two  or  three  nights.  The  bowels  should  be  kept  clear,  l>oth 
Meet  and  after  ihe  treatment. 

Ttie  "  rcco\Yrcd  "  patient  must  be  protected  as  much  as  possible  aKain.st 
piiiianii  other  circumstances  which  would  tempt  him  to  the  resumption 
■^  lie  drug.      Psychothentpy  may  be  u^ful  to  prevent  recurrence. 

Li^Ualian  .Ifo/itif  Dmt  IlabU.—lbe  real  cure  of  drug  hnbil«  lies  tn  the  enforoe- 
KHO<«)ipeoptiatcle|[h!ation.  'Hie  Harrison  Law.  If  properb'  enton-eil.  should  suflkc 
ll  OHiws  tbe  opium  and  cocain  habits  atmiMt  completely.  It  is  a>«ertod  that  ft  has 
WMT  ndaced  tbe  sales  of  the  affected  drugs  to  half  (Wllberl,  1916}. 

Tberapeudc  Uses. — %(orphin  and  Opium  arc  uwd  mainly  to  tctsen 
fti*,  ta  ptotwf  s!ffl>,  to  check  ptrhtaiiis,  iif  supptrts  caugh.  to  ease  dyipnta. 
It  JtiiliLile  aneslUeiia,  and  lo  secure  musctUar  quiet.  I'liese  indications 
ute  in  a  Krcat  variety  of  diM-4i»cs;  and  since  the  action  of  the  opiates  is 
and  highly  cSectivc,  their  field  of  usefulness  is  extensive  and  iro- 
t.  However,  they  must  )>e  u.'wd  wiOi  <ii!icretion.  It  should  be 
red  that  the  relief  is  generally  only  symptomatic  and  may  some- 
rfere  with  tlie  natural  proccdiie.s  of  repair,  or  obscure  the  observa- 
011  Hi  Uic  progress  of  ihe  dlwasc.'  The  danger  of  habit  formation  rc- 
rirts  their  emplovmcnl  in  neurotic  indiWduaU  and  in  dironic  diseases 
tcRit  when  theM^  :ire  hojKless).  The  habit  danger  can  be  somewhat 
(MfCed  if  the  roorphin  is  administered  only  by  the  physician,  with  somc- 
Ml  impresiive  formalities  of  asepsis,  and  not  intrusted  to  tbc  patient 

•'■au-nr.  IKK-  ■iHly  folnisuul  that  the  tvoulince  fit  uiiUuafot  tMt  at  Ataeuilnil  the  ducuwL* 
L  .MfaB-'n  "'  ilduiail  ^ttMHtie  Icdmlci  it  tfaouM  sol  b*  im  — iij  (o  nuko  ih*  diagncxu  at 
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himself.  The  side  actions  (cooslipation,  naunea,  gasirk  disiurbancc.  and 
occasional  excitement)  may  also  intcrlere  with  the  uscfulne-*.  Even  with 
these  restrictions,  however,  the  range  of  usefulness  of  the  opiates  is  siiU 
very  wide. 

Pain. — Morphin  surpasses  in  efficiency  all  other  analgesics,  parlicuUrly 
for  persistent  pain.  It  is  generally  aimed  to  dull,  rather  than  to  abolisJi 
the  sensibility;  and  for  this  purpose  relatively  small  doses  suffice.  Mor- 
phin by  hypodermic  injection  is  to  be  preferred,  5  to  15  mg.  (Ha  to  J^ 
p.)  according  to  severity,  and  rcpe&ted  as  necessary.  Local  appHcatioa 
IS  irrational,  although  it  is  still  somewhat  used.     (H.C.Wood,  Jr.,  1916). 

Insomnia. — Morphin  should  be  avoided,  if  poKsible,  especially  in  ner- 
vous insomnia  and  in  psychic  excitement.  It  may  be  needed  if  the  insom- 
nia is  caused  by  pain,  cough,  or  dyspnea;  and  small  doses  (j  rag.  or 
M2  ?T-)  msy  be  employed  to  reduce  the  dt)sagc,  and  thus  Ihc  wdc  actions, 
of  other  hypnotics  (J.i.,  the  circulatory  depression  of  chloral). 

Diarrhea. — Opiates  are  very  effective  in  arresting  the  CJtceswve  peris- 
talsis in  acute  intestinal  catarrh.  If  the  intestines  arc  first  cleared  of 
toxic  and  irritant  material  by  a  cathartic,  the  real  afforded  by  opiates 
favors  the  subsidence  of  tJic  inllammation.  Tincture  of  Opium  by  mouth 
(0.5  c.c.  or  10  drops)  deserves  the  preference.  If  the  opiates  arc  given 
while  the  maleriei  morhi  are  still  in  the  intestine,  they  may  do  harm,  even 
when  they  give  symptomatic  relief. 

Opium  is  also  useful  in  the  constipation  and  colic  of  lead  poisoning, 
by  relaxing  the  inleslinal  spasm.  In  pcrHonilis  it  relieves  the  pain,  Iwlh 
directly  and  by  lessening  peristalsis;  but  the  disguise  of  the  symptoms  may 
be  objectionable  surgically.  In  biliary  ami  renal  colic,  Morphin  (15  me. 
or  J^  gr.)  is  given  hypodermicaJly,  to  lessen  the  suffering  (usuaUy  wiui 
I  *mg.  atropin,  which  relaxes  the  duels). 

Cough. — The  opiates  checlc  cough  by  lowering  the  reflex  irritability 
of  the  respiratory  center.  Small  doses  suffice  for  this  purpose — by  mouih, 
Morphin  5  mg.  or  V^a  gT- :  Tr,  Opii  J^  c.c,  or  10  drops;  Codcin  30  mg.  or 
Yi  gr.;  Heroin  5  rag. or  '-{g  gr.  (children  above  one  year,  J^  mg,  or  V^2o 
gr.; below  one  year,  l;,  mg-  Of  H-iO  gr.);Dionin  15  mg.  or  )^  gr.  Codcin 
deserves  preference,  since  it  produces  the  dcdrcd  effect  with  less  side  ac- 
tions, and  without  habit  formation. 

The  use  of  opiates  for  ihis  purpose,  as  in  bronchitis  and  phthisis,  re- 
quires judgment.  They  are  indicated  when  the  cough  is  mainly  irrita- 
tive; and  contraindicated  when  it  is  required  for  the  expulsion  of  ejcce«stve 
mucus.     Even  then,  however,  they  may  be  needed  to  produce  slcep- 

Aslhma  anil  Dyspnea. — Morphin  (15  mg.  or  J^  f[r.,  h>'podennicany) 
often  relieves  Ihis  condition,  by  quieting  the  patient,  alla)'ing  the  "air 
hunger"  and  perhaps  by  lessening  reflex  irritability.  It  should  be 
avoided  if  possible.  In  nervous  asthma,  it  tends  lo  form  a  habit.  In 
respiratory  dyspnea,  the  reduction  of  respiration  may  be  dangerous.  la 
cardiac  asthma,  the  increase  of  carbon  dioxid  in  the  blood  may  injure 
the  cardiac  function  and  establish  a  vicious  circle.  The  use  of  caSein 
or  atropin  would  be  preferable;  but  it  may  be  justi6able  to  resort  to 
morphin,  especially  for  relieving  the  anxiety. 

Colds. — The  diaphoretic  action  is  utiliz^  for  aborting  colds;  generally 
as  Pulv.  Ipecac  et  Opii,  0.5  gm.  or  7H  gr. 

Anesthesia. — Morphin  in  safe  doses  does  not  induce  complete  instmsi- 
bility.  but  it  is  an  elTicii^nl  synergistic  lo  other  ansthelics  (10  mg.  or  W 
gr.,    hypodermically,   sec    under   '"Ether,"   also  under  " Scopolamin.'O 
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la  dimilaily  useful  for  disLracUng  the  patient's  attention  from 
,11005  under  local  ancslhtsia. 

merrhage. — Morphia  favors  the  arrest  of  heroorrhajie  by  fjuicling 
"dent,  thus  koqiing  the  blood  pressure  low,  and  permitting  the  for- 
Uie  dot.    It  ii  especially  valuable  when  the  hemorrhage  is  in 
,ble  situation,  /J.,  the  pulmonary  hemorrhage  of  phthias.    The 
t  effect  on  the  respiration  enjoin<i  caution  in  tlie  uiie  of  larger  Homik, 
io^ediilly  in  severe  bemorcbagc,  cardiac  disease,  and  other  debiliuting 
cMcU  lions. 

Camtdsions. — Since  morphin  increases  reflex  excitability,  It  can  not 
caoptie  with  ether,  chloral  or  chloroform  for  suppressing  tcunus  or  other 
ifiulcoovuUions;  bui  its  iiiialgesic  effect  may  )u.tlify  its  use  as  an  sid- 
JimiL  The  depressant  action  on  the  respiratory  center  must  be  borne 
n  mind  (Dreyfus,  1414). 

Pnhhie  amd  meter  taUlalitnu,  t.g.,  deliriuio  tremeiu  or  atropin  DoiiKiruns.  are  oon- 
Mid«al]r  by  very  Urgt  doacs,  Uic  danger  of  whidi  nllMts  the  ptAWmaik  bcne5t. 

Diakbs. — Large  doses  of  opium,  morphin  or  codein  ap[>ear  lo  benefit 
MDe  otherw-isc  intractable  cases;  but  the  ultimate  results  arc  not  brilliant. 
IktSecta  are  probably  indirect,  by  slowing  the  absorption  of  sugar  from 
ActSmenlary  tract. 

liifirimeMttl  Glyeoturiiii. — Tbe  opiam  ilknloids  have  nn  cRcct  on  ihe  hvperDly- 
MbnNihJasfroRi  Uic coavcnioD ol  hepatic  slycoKen  (cpiuFplirinur  pi<iuro);but  U\ey 
kntu  iaUbitoiy  action  on  aUmenUry  byperglycemia  (KIrickci,  igi-tl-  Ttii>  t>"ti- 
oUt  Dm  the  actMA  ii  on  tbe  alimenuty  cuial,  presumably  by  [he  siuiric  delay  Motr- 
jKlkdioMtioa  and  abwiption  of  the  carh^ydrstcs,  taui  thus  preventing  the  sudden 
I*4bi  111  the  orsaniaia  with  cugar  (Maeleod,  1914).  Morphin  delay*  the  diwppear- 
<K> « iojcctcd  dexiroM  from  the  circulation  of  dogs,  althuuch  it  facUiiatca  Hit  txcn- 
tab)'  the  luine  (Kletncc  and  Mclti^r,  1916).  It  niu^t  therefore  hinder  the  pa<Mge 
•  Nprlron  tbe  blood  bio  the  lisMin. 

uMnl  Bfiitme*. — Good  clinical  observer!  claim  that  Ihe  thint,  polyuria,  Kly<o- 
■^and  ftcbing  of  the  i^in  arc  all  markedly  diminUhed.  I'ltt  of  thii  action  muit  be 
inrihiCWl  to  the  nnal)|e»ic  elltcl,  ohilc  thr  influence  on  Ihe  Hly'-'o^uria  it  probably  due 
ItitKlicnion  digntioa,  and  U  produced  in  ihe  lanir  way  &s  l>y  a  llmitacJon  of  the  diet 
J^^Munntk.  At  a  roattcr  oi  fact,  opiophagic  dialMiica  die  faster  ihan  othert. 
Mh  loa  beta  uwd  InMnd,  but  wilhoul  any  marked  sdvMtaite»' 

aatir.— h!o«phIn  ii  eniplu>-e<l  at  on  onKinetlc.  but  the  do»e»  which  can  be  safely 
I*i>cnbed  arc  often  tocfiectivc. 

Dtsage  of  Opiates  for  Children. — This  is  best  adjusted  to  the  weight; 
•ih  children  above  ten  months,  tlio  weight  (in  pounds^  i*  divided  by  i  ^o; 
Wo»  len  months,  by  300.  'l"hc  adult  dose  is  multiplied  by  the  factors 
■^obtained  (Doebeli,  1013). 

Rcctpttulatioa  of  the  Chief  Differences  of  the  Morphin  Derivativea. 
■"The  action  of  all  morphin  derivatives  arc  quantitatively  identical,  so 
Ingas  they  involve  only  changes  in  the  outlying  side-chains  (R.  Stockman, 
rtgi).  Even  the  quantitative  differences  are  not  of  vciy  great  practical 
■Ofwrtaoce. 

M^rfhin. — Producci  tbe  strongest  luircodc,  analgesic,  hypnotic  and 
Uaiinal  effects,  and  the  weakest  stimulation.     It  causes  the  greatest 
t  of  digestioD;  aad.  vrith  heroin,  is  most  apt  to  induce  a 

it. 
Cadimt  {Methyl-morphin)  is  less  narcotic,  less  constipating,  and  less 

to  induce  a  habit  or  tolerance.    It  has  some  advantage  in  the  treat- 

tofooi^h.  Bastedouses  15  to  30  mg.,  but  Fracnkel,  18199,  claims  ^^^^ 
least  40  to  60  mg.  are  required  to  affect  cough.    Thi»  dosage  is  some- 
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what  quieting,  but  not  narcotic,  and  scarcely  analgetic.  Larger  dosage 
produces  restlessness  instead  of  quieting.  The  susceptibility  is  the  tame 
for  all  ages  (Doebeli,  1911). 

It  increases  the  spinal  refiexes  more  than  morpliin  (v.Schroeder,  18S3).  FMk- 
further  and  Hirschfeld,  1910,  claim  a  greater  dilation  of  the  etrtbral  vatdt  (irithoat  lae 

of  blood  pressure). 

Dionin  (Ethyl  Morphin)  seems  to  stand  intermediate  between  morjAin 
and  codein,  in  all  respects,  Mering  advises  it  in  cough.  Lindennuyr, 
1912,  uses  it  in  colds,  0.05  Gm.  before  retiring.  It  sometimes  cauws 
itching  of  the  skin  (Seifert,  Nebenwirk.,  1915,  p.  61).  It  has  a  speatl 
action  on  the  conjunctiva  (edema). 

Heroin  (Diacetylmorphin)  approaches  stUl  more  to  morphin,  of  whkh 
it  shares  all  the  disadvantages,  and  over  which  it  has  no  serious  advantage. 
Bastedo  finds  it  inferior  to  codein  (Side  actions,  Sdfert,  Nebenwiit., 
191S,  p.  69). 

Thtbain  is  so  markedly  convulsant  that  it  may  be  placed  in  the  stiychnin  poqi 
(CI.  Bernard)  Stockman  and  Dott). 

Stnicture  of  Opium  AUtalmd s. — These  belong  to  two  groups,  those  con- 
taining a  phenanthren  nucleus  (morphin  and  its  esters) ;  and  those  derived 
from  isoquinolin  (papaverin,  narcotin,  narcein).  The  difference  in  the 
nuclei  is  shown  in  the  diagram. 

/\ 
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phenanthren  nucleus  Isoquinolin  nucleol 

Structure  of  Morphin  and  its  Derivatives. ^Morphin  is  a  coraplei  derirt- 
tive  of  phenanthren.  It  contains  two  OH  groups  (one  phenolic,  the  otba 
alcoholic)  in  which  substitutions  can  be  made,  either  by  alkyl  or  wd 
radicals. 

The  more  important  alkyl  esters  are  the  monomethyl  (Codein),  di- 
methyl (Thebain)  and  ethyl  (Dionin).     Heroin  is  the  di-acetyl  derivative. 

The  nature  ot  the  radicals — whether  acid  or  alcoholic,  aromatic  ot  aliphatic — isW 
of  Rrcal  importance.  Replacement  ot  a  sinRle  H  {codein.  dionin)  diminishes  the  »t' 
cotic  aclions  and  increases  Ihe  respiratorj-  and  tetanic  action,  and  the  toxicity  foru* 
mats.  When  bctth  Oil  groups  are  replaced  by  acids  (heroin)  the  narcotic  actkn" 
stronger  than  for  codein,  the  tetanic  action  is  weaker  than  with  morphin- 

Comparalive  Activity  of  the  Two  Groups. — The  alkaloids  of  both  tlie 
phenanthren  and  isoquinolin  are  more  or  less  narcotic  and  convulsant- 
The  essential  differences  are  in  the  peripheral  actions:  whilst  the  phen- 
anthren alkaloids  produce  but  few  peripheral  actions,  the  isoquinoliii 
group  causes  extensive  depression,  as  described  under  "Papaverin." 

Comiilsani-narcolk  Srrirs. — In  general,  Ihc  narcotic  actions  on  the  brain,  on  lit 
one  hand,  and  the  stimulant  action  on  ihe  cord  and  medulla  on  the  other,  aieininveiV 
ratio;  moiphin  being  the  most  narcotic  and  least  convulsant,  and  thebain  the  wot. 


icMivulMnt  and  least  nar«itlc;  the  other  moiptdn  esters  and  the  uortuinulin  alkaloid* 
^IwiiiK  int«rini<diat«.    Qaudc  Beroard  Nrrnnged  them  ia  the  otAcr  of:  Alorphin,  codcin, 
narcotiii.  papavcKn,  Uuiinnoi^in,  ihcbaln.     Rui^rgi,   1914,  places  thrm  as:  Motphlii, 
pa|>avn'in.  coilein,  DiirtDlin,  uurcdn,  tlicbain. 

J/rcniiif  Aeid. — ThU  has  no  effect  in  the  dosct  which  would  be  ndminisCcrcd  ia 
opium.  Ijir]t«r  doaes  produce  narcosis,  muscular  fibrillaiiin;  mtMlullao'  convublou; 
dtarrhea;  curare  action  (Bnrth,  1911). 

Pa^Mtrin. — This  wns  rccommendci]  rs  an  nnnlsctic  by  Bnxt,  iS6q,  nnd  Macht, 

tOTS;  out  Its  cealral  cllccia  arc  imiKnilJcaut  (Pal).     Its  toudtj'  Is  tow.     Buuchet 

cUimi  that  1  Gm.  produced  no  cftecl*  on  man.     Its  important  periphcm.1  actioD*  have 

been  invcstlgalod  mainly  by  Pal,  i<)i3>  10I4>     He  liniik  llint  il  ri-Uxcs  the.  Iniiiiv  ai  nil 

l^nooth  muscle,  especially  whrn  tlii>  has  bren  spusmudicuily  contruc-U-il.  uad  [his  wilhout 

dyaag  the  contractility  of  the  musde;  f.i.,  he  doim-i  thiit  it  inliibiU  Jntciitinal 

M  without  inlcrfcring  with  normnl  pcrislalsis  or  produdiiB  constipation;  Ihat  amsll 

dooFs  lower  abnormally  hi^  blood  prcMure.  whilst  it  rniuires  much  larger  doses  to 

lower  the  normal  preuurc.     Macht,  1916,  daims  that  it  lowers  blood  prc(>sure,  mainly 

|l»^  peripheral  vti»}dilRtor  aciion,  (specially  ia  the  splanchinic  area.    The  curonaty 

Icuculatwn  b  iacrcasml.     Small  doses  slow  the  heart,  with  tendency  to  stronger  con- 

rtractioiH.     Popper  claims  that  the  Isoquinolin  alkaloids  relax  the  longitudinal  coat 

loC  the  intcitines;  the  ohenanthrrns  ilic  rlrciiUr  roal.     Mii^ht.  Hermoji  and  Levy, 

|l9i6,  find  that  40  m^.  bypuclF[mii.'ally  in  man.  prurlueL-t  marked  analgesia  with  some 

•odilatKiii,  [all  of  blood  pie-^kure  and  slight  conilipation. 

P>p«v«rin  and  niirtolin  are  tojic  lo  piotojion;  Pitk  and  Wanicky,  1915,  have  ihere- 

lora  BUfgnted  (he  trial  ol  pupavcrin  acainst  ^Lmebic  dysi^nlery. 

ThtrcpeutK  Use  of  PupavtriU. — Pol  advise*  its  use  in  gastric  and  intestinal  spasms 
and  colks.  and  in  spastic  constipation  (jo  to  Ao  m^.  by  moui.h  or  hypodermic;  j  to  ya 
tng.  by  van  (ewral  limes).  Stoerk.  lois.emjjloys  it  against  tlic  tenesmus  of  bacterial 
^dytenterj'  (ouo6  Gm.,  three  times  daily,  continued  as  long  na  required).  It  hat  also 
en  tried  with  I<m  i«ason.  In  hypcrfcoMun,  angina  pectoris;  vormtinx,  ([astric  crises: 
hma  and  pertusais  (Pal;  Popper.  1014;  L.  Levy.  1914).  It  is  a  local  anesthetic,  ana 
>  been  utcd  on  the  cornea  as  solution  of  ^  to  10  per  cent.  Macht,  1016,  fiods  that 
Rvcrin  rtlasM  the  tone  o(  the  ureter,  without  inliibiiini;  the  [)Gri«ialaIs.  Ceratliy 
Macht,  1916,  use  its  injection  W  ureteral  catheter,  against  the  coUc  of  ureteral 
uH. 

ConuBercIalpupHvcrincontainsconsiderahlrcryptopin,  towliichmostofitschemlcal 
testa  are  due  (Pictet  and  Kramers,  igio).  In  general,  however,  the  quality  of  commer* 
cial  opium  alkaloids  11  salinfactory  (Warren,  1015}. 

Fait  0}  Papaivrin. — It  is  prubsbty  extensively  destroyed  in  tlie  body,  since  neither 
pap«verin  nor  an>'  immediate  decomporition  products  nave  been  recovered  from  the 
orzans  or  cicreCa  after  lis  hypodermic  adoJnlBtration  (Zahn,  igi;). 

Tftra^llydra-PspavetvliH.-^L3\Ma.w,  igio,  found  ihiiC  Liiis  inhibits  tlie  tone  of  un- 
"  led  muscle,  dilates  the  bronchioles  and  bbxid  vessels,  and  lowers  blood  pressure, 

St  at  the  same  time  stimulatlrig  ihc  heart.     It  is  lelativelv  non-toxic.     Marshall, 

■01 1,  tried  it  dinically  in  arlerioKlerosIs,  but  found  II  practically  Indlicient — probably 
ereforc  it  b  too  eaiUy  ozidiied. 
A'lVfarfa.— The  peripheral  scliong  appear  to  be  vlniilar  lo  papavcrin,  but  weaker 
(Pal.  iQi^)'     Ma<:hl,iQis,  found,  cunlrarj*  lu  Straub,  that  it  is  <[uitc  toxic  lo  the  heart, 
respintkin  and  other  functions. 

.Visrieja. — The  peripheral  actions  resemble  nairotin  (Pal,  1914). 

Z>lflereiK«s  between  Morphia  and  Opitim;  OpIiuQ  Alk&loid  MiztureB. 
-• — Whilst  the  actions  of  opium  are  essentially  those  of  its  principul  alka- 
loid, moqihin,  there  are  various  differences,  esprit.'illy  r]uantilativc. 
Thcscarcducpartly  to  the  mechanical  action  of  the  gums  and  ri-sins,  which 
must  delay  absorption,  and  lltus  Increase  the  local  and  diminish  the  ccn- 
tr*l  actions.  In  Ihe  main,  howcv-cr,  the  differences  are  due  lo  the  pres- 
ence of  the  minor  alkaloids,  which  modify  the  effccu  of  morphin;  for 
simitar  differences  exi^^t  in  mixtures  of  the  alkaloid»,  natural  (Panlopium) 
or  artificial  (N'arcophin,  Laudanons). 

The  precise  dilTercnces  between  the  actions  of  morphin,  opium  and  the 
mixed  alkaloids  arc  still  under  dispute.  "Dia  statements  of  different  (and 
sometimes  of  the  same)  iil)servers  are  so  contradictory  that  it  is  often 
impossible  to  judge  them  (Literature,  E.  Bucrgi,  1914). 
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Claimed  Thrrapniitc  Advantages. — It  is  asserted  that  opium  and  the 
alkaloid  mixtures,  fur  a  given  degree  of  analgesic  and  cough  sedative 
action,  cause  less  depression  of  respiration  and  less  nausea;  that  tlieir 
action,  though  slower,  is  more  prolonged;  and  that  ihey  are  somtrtimcx 
effective  In  patients  in  whom  morphin  has  failed.  It  is  also  believed  that 
cpium  and  pantopium  are  more  efficient  in  checkini;  diarrhea;  whiUt  at 
the  same  time,  it  is  staled  that  pantopium  is  not  ax  constipating  for  normal 
individuals. 

BcEon-  considerin);  thnc  sLclions  in  detail,  it  is  necnsary  to  docnbe  the  nature  ot 
the  commcrdal  pnxlucts  which  hav?  been  largely  used  in  the  invutiEalions. 

PatiS'ipiiH  (Pnntopium  llydrochloricuni),  N.N.R. — This  conshtsofthe  iMlatcd  a]lu> 
Ioid»  of  opium  in  tluar  natural  pr'>i)or(iuii£.  It  was  introduced  by  Sahli,  as  an  improve 
inent  over  the  opiates.  Discounting  the  raily  extrnvAttnnI  d.-iimt,  it  hM  the  advanlaM 
that  the  nbMncc  of  gums  nnd  resins  insures  prumptcr  absorption  and  makn  it  mu^ 
more  luilahlc  for  liypodermic  iniectioo.  The  pharmacologic  data  on  piotopium  are 
reviewed  by  Barth.  igi:;  Schwcntncr,  1911;  walkyn-Thomat,  t^i^  Severe  polcon- 
EriK  from  0,04  Cm.  i»  reported  by  Volgt,  191 1.  The  side  ikIumis  are  quoted  bjr  Seifcd, 
Nebcnwirk.,  1915,  p.  81. 

Artificial  lilixlura. — Since  it  U  uniikety  that  all  ihc  alkaloids  arc  iherspcutlcaHy 
uiwful,  and  that  ihey  occur  naturally  in  the  optimal  proportions,  there  exists  a  lield  lor 
lutilicial  mixtura.  Faust.  1911,  intiodutcd  mixlurei  0!  the  principal  opium  alkaloids 
under  the  name  of  "  L-iudunons."  The  pniporlions  appear  to  be  mrrrly  arbllraiy. 
Amorescii'iitliicatlernpl  hashren  mndcby  W.  Struubin  tlic  introduction  of  Narcopbia. 

Nurcophin. — W,  Straub  and  Caciar,  191 1,  invatiguted  the  modificalloaspTOdacn]  by 
a  large  variety  of  mixturen  of  opium  alkaloids.  Thry  found  narcoUn  the  laott  Impovtant 
alkaloid  In  the  combination;  clainiinn  that  doiei  of  uarcutin,  which  were  ineffective 
alone,  modified  the  actions  of  murphin,  so  as  to  increase  the  Inridty  and  narcotic  effect, 
and  at  the  same  time  diminiih  the  renpiratorj'  depression;  Ihnt  a  mixture  of  wual  paftt 
of  tlie  two  slkatoiils  W!i9  the  otitlmal  tiroporlion  and  fully  rcprMi-nted  ike  Mruitaees 
of  opium;  that  the  other  alkuJuids  of  opium  bad  leu  effect  and  introduced  coBiplex 
modifications  which  render  them  undoirnblc.  Tbc&c  claims  have  been  both  coDlirmtd 
and  cuntradlcled.  tliiiitally  and  expi-ri mentally.  Meistner,  1913  and  1914,  failed 
to  confirm  the  tynergiim  in  the  moit  important  effecti,  vjx.  the  respiratory  aad  psydliic; 
Straub's  reply,  191J,  Is  not  quite  convincing.  Under  the  circumstances,  JudgBiCBt 
must  be  suspended. 

Polrnlialicn  0/  Taxic  Action. — Iiockute,  1911,  found  that  the  toxicity  of  mixture*  ot 
morphin  and  iis  caters  corresponds  to  umpic  addition,  but  that  coLilura  of  ibcM  vilh 
tlw  iioquiiiolin  atkaloiiJs  shows  marked  jioteutialion.  This  has  been  coofinned  by 
W.  Straub  and  Giesar,  IQ12,  who  claim  that  doses  of  oarcotin,  which  are  io  ihenwclvc* 
ioactive.  double  the  tonicity  of  morphin  for  mice.  Thi»  synergiun  may  be  considered 
as  cstablishcdi  but  it  has  little  bearing  on  the  therapeutic  use. 

Analgfsk  Acliott. — The  sUlemcnts  are  contradictory,  as  might  be  expected  from  the 
difficulty  of  making  quantitative  observations  in  a  subjective  condition.  \s  yet,  ibe 
claims  of  superior  anul^c^ic  or  n.ircotic  uctiun  are  not  fully  calablisbed.  Tbe  Mdativt 
action  on  couith  comes  under  the  same  category. 

Straub  daimi  a  marked  increase  of  narcotic  action  by  narcotin,  in  that  the  morphin 
excitement  of  cats  h  prevented.  (Thti.  bovrever,  is  a  very  variable  condilloo,  which  It 
greatly  iollueitced  by  external  conditions.)  Macht,  Herman  and  Levy,  igi6,  olio  cbim 
a  syner^tic  decreased  senutiveriBS  to  cutaneoui  pain  in  human  KubjecU.  On  the  other 
hand,  U  is  very  su|(geslive  that  the  clinical  doses  ot  narcophln  and  pasl^um  are  strictly 
equivalent  to  their  morphin  conlcni.  Zcclen,  1910  and  1911,  found  only  unpte  wun- 
matinn  in  the  narcotic  (and  telanizing)  action  of  the  variou*  oiuum  alkaloids.  Mcimtr 
also  fallc'l  to  ronlirm  Straub. 

Rrsfiratory  Aclivn. — Straub  uteris  that  tbe  respiratory  center  In  rabbits  (a»  judged 
by  response  to  CO,  stimulation)  is  much  less  depressed  by  narcophin  than  by  nMrphin. 
Iliis  is  contradicted  by  Meissncr.  S  Iraub's  stntcmenlK  appear  iiclf>conlTW)ictoe]r.  iince 
be  also  claims  thiiC  the  toxicity,  which  generally  depends  on  tnplralofy  <l(|Hin>ioB,  li 
increased.  However,  Macht,  1915.  confirms  that  the  minor  opium  alkaloidi  stimuUte 
respiration,  and  thus  antagonize  somewhat  the  morphin  depresMOi). 

Ciri-uf«Jton.— The  djita  arc  scanty.  Machl.  1915,  finds  inat  morphin-narovtili  mll- 
tures  dilate  the  coronary  vessels  much  less  than  eiihcr  alkaloid  alone;  and  that  Paatopoa 
and  I.audanon  have  praclically  no  eflcci  on  llic  coronar)*  circulation. 

Giuirk  l>iUurlmK/.r. —  It  Is  <juite  Keni-rally  asserted  that  the  combJMtioat  are  iaa 
liable  to  produce  nausea  and  vomiting;  but  quantitative  diSerencesol  this  knd  are  difi- 
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t  to  judcf .  clinically.  It  U  ameiblt.  Uioush  not  f^ovta,  ibal  tbeie  may  be  a  xtight 
liScrcna.  uncc  morphia  itx«lf  i>tiinuklc(  tiic  voreitiag  center  mure  iliitn  any  otBcr 
B^um  •Uulold. 

CotuNfaline  A<U»h. — ThU  hu  been  ducuued  under  morphin. 

TIm)  ijwrfiiM  4/  mtrphln  teilh  itaf^latmin  and  iritb  the  Himtheck  and  hypnotlcB 
■O  be  dSxiwcd  ia  ooontctloa  witli  Uimc  drugs. 

PRBPAllATJ^>^■S — OPIfM 

*Ori»m.  V.S.F.,  B.P.  (Meconium,  Tbcbalcum}.— The  dried  milky  juice  exudbg 
Iran  UM  iM^ed  unripe  swd-opiules  u(  tlie  poppy,  Pftpavec  somniferum.  Dioivn 
■■Ml  Of  poirikr,  of  pocuUu  odor  and  biltec  tnxic  ContAins  »  number  ul  alluJoidi, 
tti  ntit  taportaBt  bdas  morplui)  (about  10  per  ccai.).  Dost,  0.06  Gm., :  cr.,  U.S.P. 
(apMcot  Ut6nig.<ir  KoKr.i)ioirplun);o.o3  too.ii  Gm.,  >j  toigr.,  B.P.  Mudnum 
4mMu  Cn.,  i  tr. 

0|faB  «u  moDiiowd  b>-  ThDophrHHtus,  tHrd  century  B.C.  An  intereuing  Account 
attoUtlOfv  v.  ^vcn  by  Macht,  1915.  lie  history  <■(  the  <^ium  prepoiationi  it  \\aa 
ywMitg  {Wilbert,  i9i'>).  l<«u<Unum  is  said  t»  nave  been  oriffiiuted  by  Paracelsus 
('•1}-'M')  but  as  a  swIhI  Kiueous  ritiacl;  pancorlc  by  Le  Mort  o(  Leyden.  rarly  in 
Iboiblcenth century.  Sydenham'),  kudanum  (VinumOpii)  iiidetis-oil  fromnformuln 
«l%»rteni  (i(ii4-i(iS<)i.  Tr.  Opii  IJeodorall  was  nriginatcd  by  Koblquec  <,\^f^l^~ 
•iW.tdd  Robt  Hare,  1817;  Mi*i.  Glycyrrh.  Co.  by  Dr.  B.J,  Barton  of  PhiUddphin, 

Theapiun  paf>p]r  is  cultivated  in  Aiia  nnd  Egypt;  it  can  alio  be  rmlied  in  Ihe  I'mtcd 
«Mt,biil  the  coat  Mbbiir  renders  Ibe  pntduccinn  ii(  opium  unprofitable.  Tht  capsules 
JnMtitOy  bdore  ripeninic,  C>CJar  and  Luretz,  1901)  and  «ectl  nUu  contain  the  alka- 
Wl   The  Med*  yield  jo  pet  cent,  of  a  bland  fixed  oil  which  may  be  uwd  tike  olive  uU. 

Hw  ummI  percenlaite  o(  Ihc  olbef  alkaloidt  it:  Codcin,  0.1  to  0.7  per  cent.;  Thc- 
W^«.ijpcrceilL;  Narcein,  o.oi  to  0.7  pet  cent.;  NarcoUn.  i.i  to  10  per  cent,;  Pupa* 
Ki^  1  ptf  cent.  (ab«ent  in  tome  *OTti;  V  an  Ilalie  nnd  Kcrbcncri,  1010),  The  develop- 
>«(<  ibHC  allutloidi  In  tbc  growlh  »!  the  plants  it  intcrtslintt  (keibotch,  iqio). 

(^litm  also  coBtaina  a  number  ai  other  minor  alkdoids;  meconlc  odd  (i.j  to  5.5 
FVCRt.},  Uctic  acid;  funu,  retint,  fats,  odoroui  principles.    No  *tarch  or  tannin. 

•O^V  Pithit  (Opii  Pnlr,),  U.S.P.;  Po»-der«l  Opium. —Liitfat  brovm powder,  yielding 
■iptrccnt.  of  nnbydrou*  aaoephin.    Dvtt,  0.06  Gm.,  1  gr..  I'.S.P. 

Ofitm  Dtoiframm  (Opium  Dead.},  U.S.P.— Opium  exhausted  with  petroleum  ether. 
fc^lWMiu  sosw  <A  the  odorous  principles.    It  Is  himilat  to  the  Mcret  "improved'* 

O^aMfirMwJnluM,  U.S.P. — Thb  i*  employed  in  manudc luting. 
filOfMUf-.B.  P.^^jjperceat.otmotpnln,  J.75  \Kt  reni.ul  the  l>ry  KxItscI,  la 
)>|H<tnt.alcioboL     Doit,<i.\tt>  i.gc.C,  S  t»3°  mmirai,  B.P. 

£•1. 0*M,  U.S.P.;  Ext.  Of  11  5r«T  B.P.— .\  powdered  extract,  1  Gm.  rcprcfcnling 
)lA«Jt)>«druc,  or  aoptt  cent,  of  morjihin.    /^>r,  o.oj  Gra.,  tj  gr.,  U.S.P. ;  id  to  60 
H>^1o  I  fj.,  B.P,     Maximum  dine,  o.ij  Gm.,  iH  K^- 
iM.Ofii,  B.P.— Equal  jian»  of  Tr.  Opii  and  Lin.  Sapoo. 

U^Ofii  FJ  PJvmM,  K.V.;  I.<»1  ud  Opium  Wosb.— Lead  acctaic,  4-S  ^m.;  Tlnct. 
•(^ec.c;  Water,  q.i.,  ijocc. 

•IfiiiMTu atyyrrkiui C&mp»tita  (Ubl.  Glycyrrh.  Co.),  U.S.P,    (Brown  Mixture). — 
Jmti\iHJate,  locx.,  aHdr&ra^of  thitnuxturcoonlnins  i.j  cc.  of  Paregoric  or  5  m«.. 
Hi  p.  (4  opium;  and  1.5  tag.,  }^4Rt.,af  Tartar  Kmctic;  alio  a  little  Sp.  Aether.  Nil. 
nbsnxMilar  expectomnl.  but  needleMly  complex. 
Cra.  Flitmb.  C.  Otia,  tee  Index.) 

n.  J^i*.  Ca..  B.P.— lopcrceat.  ofOplam.    DMr.,o.i]loo.i5Gm.,  at0  4ar„  B.P. 
ft*.  CM.  Arimi.  C.  Olio,  B.P, — jj  per  cent,  of  Opium.    D«it,  0,6  to  4  Gm.,  lo 
*(op_B,P, 

^hMt  fpeuufomlut  El  OpH  (Pulv.  Ipecac  et  OpU),  U.S.P,;  Pulf.  Iptatc  C«.,  B.P. 
JMW*  Powder;  Opii  el  liiecnc.  Pulr.  Co.,  PJ.).— Conuins  ro  per  cent,  taih  o( 
(ffan  «kl  Ipecac  wiih  Milk-iugot,  U.S.P.,  oe  Pota».  Sulphate,  B.P.  (This  was  in- 
(nhcid  by  Thoma«  L>oveT.  1741,  as  «  diaphoretic  In  gout.)  Diut,  o.^  Cm.,  ft  gr., 
VS.P,;o.z  to  t  Gra.,  s  to  tsgr.,  B.P.  Uuimum  dose,  1.5' Cn.,  sop. 
{F«h.  Kino  Co..  see  Index.) 

/ah.  Ofii  Ce.,  B.P. — to  per  cent.  <A  0[iium.  with  aromatics.    Dtat,  0.3  to  1  Gm., 
|loi5itr.,  B.P. 

(Smff.  PlomAl  Co..  B.P..  MX  Index.) 

•Tr.  Olrii.  U.S.P,,  B.P,;  Tincture  of  (^ihlffi  (Laudanum).— 10  per  cent,  of  opium, 
I  per  cent,  of  loorphin,  in  diluted  alcaliol.    Mbcible  «rilh  mater  or  skohoL    Oms^ 
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o-s  C.C..  8 mlttlm*.  U.S.P.;  0.3  lo  1  cc,  j  to  ij  raininu,  rcpctied;  datlc  ».»  UttJSce^ 
JO  to  30.  B-i'.     Maximum  doic,  1  ex.,  jo  nnninis. 

JV.  Ofii  JrawicHi-,  U.l'.-^.i  per  cent,  of  Morpbin,  with  Anise  oil,  Bemoicacidi 
Ammunia.     Dok,  3  Io  4  c.c"!-^  lo  1  dram.  It.P. 

*  Tinttiaa  Opii  CamfhotiUa   (Tr.  Opii  Cimph.).  U.S.P.-,  Tr.  Ctmpkef.  Ce., 
(Porworic)  Opii  Tincluia  Itviitoici.  P.I). — 0.4  [jer  cent.,  eicl^  of  opium,  beiaoic ) 
campnur.  and  itnuc  c>i1,  U.S.P.     The  R.P.  ointittiM  the  umc  ugndicnu  irith  o.j 
cent,  ot  opium.    The  prepiirutioa  is  used  especially  (or  children.    i>iMe,  4  t.c,  i 
U.S.P.;  }  lo  4  ex.,  \i  lo  1  dram.  il.P.     4c.c.  cniiloinK  1(1  mn.,  tj  j[r,,  of  opium  or 
"K-.  Ho  RT.  of  niorphin.  U.S.P,(io  mg.,  >;i  gr.  of  opium  or  t  mx.,  Jao  p.  o(  morphiii 
B.P). 

•  TtKCl.  Opii  Drodoraii.  U.S.P. — Same  strength  and  do»c  *i  the  Tincture;  ha*  ics* 
odor,  having  been  extracted  b)-  petrolcuni  ether.  SimUar  to  McMunn*s  Y3ita  luul  otber 
nostra. 

Wni.  aiU.  C.  Ofio.  B.P..  iM  Indejt) 

U/ng.  Myrrh.  C.  Ofio.  B.P..  tee  Index.) 

Paiiiapaa   (Fantaftum   Uydrochhrkum),   N.N.R. —  h   purified   mixture  ot  opium  i 
allcaluidi,  txiolsiiiinx  so  per  cent,  at  morphin.     Sol.  in  water.     Dm,  5  to  10  mg., 
H  to  ij  ifj.,  by  mijuth  or  hypmltrmicnily. 

Nartopkin:  Morphin- Narcolia  mcci>nale. — About  33  per  cent,  ot  motldun.  Soi. 
in  water.     Dost^  three  UmM  that  of  Morphia. 

5onfiiiii(irtii.  U.S.P.  (Blood  Root).— The  dried  rhiMme  »iid  rooia  of  Ssncuinsri*  ] 
onadensis.    Dost.  0,115  Gm.,  1  gr.,  U.S.P. 

Tr.  Sanguin..  U.S.P. — lo  per  cent.,  in  acidulated  60  per  cent,  alcohol.  Dot*.  1  cc, 
15  minims.  U.S.P, 

PKEPARATIONS — ItORPHl  N 

*MoipUn  ud  iu  m1i«  occur  us  odoileM,  bitter  white  powdtis  or  cdofleaa  cnstaln. 
titey  m  InconqMitiblc  with  alkalies,  Liuniiu.  iudidx  and  other  predpilant*  of  alka- 
Inidi.  Dou.  S  mjt.,  l-i  rt.,  U.S.P.;  it  ta  30  ma.,  >«  to  ^^  (tr.,  B.P.  The  toctsl  dose  is 
the  same:  the  hypodermic  about  Iwo-tbiids  of  the  oral.  Maximal  single  do*e,  jomg-, 
(^  gr.  The  actiijfi^  begin  in  about  Sve  minulrt  on  hj-podermlc  admiiustratbn.  Sulu- 
tioos  nrc  uid  to  decompose  rsthcr  readily  when  healed  above  6o*C  (Wclmans,  ioo8|.  I 

U'trphin.j,  U.S.P.,  CjHi.NO,  +  HiO— Very  slightly  sol.  In  water  (1:3,340); 
vVighily  sol.  in  nlc.  (1 :  no);  sd.  in  lime-water  (i :  too). 

JUi^pk.  A<a.,  B.P.,  C„H„NOtCtHM  +  3HiO.— Freely  m1.  in  water  (i  a-s). 
I.OM^  acetic  add  on  exposure  lo  ^r. 

'.M^jhi^e  H ydroi Uaridnm  (Marph.  HyiliMii.).  U.&P.,B.P.,  CiiHi.NO..Ha  + 
iHiO.   -Sol.  in  water  (i  :  17.5)  or  ale.  (1:31). 

•Morpk.  S«dpk.,  U.S.P.,  CCi,Hi,SO,)i.H,SO.  +  sH/J.— Sol.  in  vater  (t  :t5.j); 
•Jightiy  sol.  in  ale.  (i  :s6?). 

Miwph.  r<irl.,  B.P.,  (C„ni^'0,)fcC.H^,  +  jH A— SoL  in  water  (1  :  It). 

Inj.  Mivph.  Hyp.,  B.P.— i.j  per  cent,  of  tartrate.  I>iiie,  0.3  to  0.6  ce^  s  to  to 
inimm.1,  B.P. 

Liq.  Morph,  Attt.,  B.P. — 1  per  cent.    Dost.  0,6  to  3.6  cjC,  10  to  60  minlnw,  B.P. 

Uq.  McTpk.  Tort.,  B.P.— 1  per  cent.     Dott,  0.6  to  3.6  ex.,  10  to  60  ■"■""'"i  B.P. 

Supp.  htorph.,  B.P.— o.oir  Gm.,  JilP. 

Tr.  Chlorof.  FJ  Morpk.  Co..  B.P.— thlorof,,  j.j  per  cent.;  Morph.,  i  perceat.;  Add. 
Hydrocyan.  nil.  s  per  cent.;  with  Ciip*icura,  Cannabis  Indies  and  Peppernriai. 
Dott.o.^  to  I  t.c.,"s  to  IS  minims,  B.P,— Uwd  in  colic. 

Trttck.  Slorpb..  it.P.— 1  mB.,  Hv  P"- 

Ttotk.  iiirtph.  /;i /p«<jr.,  B.P.— I  mg.,  HioP- "'Morphin;  6  rag.,  Hoer'"™!?*"^ 


l-Klvl'ABATTOKS — MORPHIN   DEHIVATIVES 

These  resemble  the  morphin  salts  in  physical  characters  and  inconi- 
patibilities;  thvy  arc  further  incompatible  with  strong  acids  or  alkalies. 

Aakjlmcrpl,.  Hvdr<KUM.,  O.S.P.  <Dionin),  CnH,tNO(OH)(OC,H,).Ha  +  »H.O. 
— White  or  ycllowuh,  odorless,  microc  r>'8Ullinc  powder.  Freely  sol,  in  water  (t  :8(; 
«dI.  inalc.  (t  :iz).  iW,  15  mg.,  yi  gr..  U.S.P.;  Locally,  lo  to  :o  per  cent.  Marimuta 
dost.  50  mg,.  Ji  gr. 

DiiuelyliHatpiina,  UAP.  (Heroin),    C,,Hir(C.nrfW,NO.— Very  sK^tly  hL  m 
JWtcr  (i  :  1,700);  »l.  in  ale  (1 :3i).     Po«,  3  mj{..  Iji,  nr,,  OJtP. 
.     •  Diocaylmorph.  UydtoiU..  U.S.P.,  Diantotpb.  ItydrotU.,  B.P.  (Hrfoin  HydrecModd), 
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l«»Bti(C)lliU))iNO.IICI  +  lljU.   .Krcdv  mI.   in   watn   (1:1);   Mil.   in   ak.     DMt, 
mA^HoR^'-L'-S-''-:  i-jioSiiix-.  Hs'o  HP-t^-f-    M.iximum  (low,  tomit.,  Htot. 

SiMnt,  U.S,P.,  B.l'..  C,iH,.(CH.)XO,  +  H,0.  SliKhily  so),  in  w«ltr  (1  :  uo); 
celyML  in  tic.  (1  : 1).    D«it.  jo  mg.,  U  gi.,  U.S.P,;  1(1  w  fto  mg.,  V*  10  t  gr..  M.P. 

^Ctitiu.  Fhnfk..  U.S.P..  B.P.,  C„1I„S'0,.1I.P0.  +  »H,0.  67  |>tr  OMi.  ol  tmhy- 
l>^Ui  oxldii.  Fmly  wil.  in  «rat«r  (t:].j);  slichilir  to\.  in  kic.  (1 'J'.O-  0Mr, 
»  IXK^U  ST.,  U.S.P.;  i6Ii>W>rag.,  Ji  !■>  i  gr.,  B.P.     MaJiiinuin  ciotc,  0.1  On)..  I?  j  sr. 

^y.  Cdein.  Pkoi^lt..  li.P.     o.j  ptr  cciil.     ttn*,  J  to  8  c.t.,  l^  lo  ;  ilrann.  B.P. 

CrUrfu  .WM-,U.S.P..  (C„II„N0.1j.H,SO,+  slIrf)).~Sol.in  water  (1 :3o);v«y 
l^blb'Ml'iitak.  (i  :  1,180).     I>AM-.  tomg..  >^et..  U.S.P, 

f4farTim.  Sulpk.,   NJ».R.,   (C«eHtiO,N)i.H,SO„— Sol.  in   waWr  or  dc.     IVw, 
D  «o  w  ng.,  H  to  \\i  gr. 


HYDRASTIS 

H>'drastis  (Golden  Seal)  has  few,  if  any,  rational  indications.     It  is 
employed  empirically  as  n  liittrr  siomarhic;   to  (hick   inli-rnal  Itemtir- 
;;  and  locally  in  cutarrhal  (-ondilions,  especially  of  thcgcnilcniirinary 


Ilvdntitut  contww  at  lenitt  three  Blkaldds:  lletbmn,  i.<  to  4  per 

BML;  Ij]ndnutln,  at  least  >.$  pc(  cent.  (U.S.P.),  and  Ctnadtn,  n  lierivmlvr  of  berbcdn. 
tto*  h  aho  M«n«  ttsinuus  matirr,  etc. 

HylntHm. — TYm  Lt  an  itoquinolin  ilcrivativc.  ctoMly  rdatcd  to  tame  ol  the  minor 
(^Im  aftalojib.  NaKotln,  l.du<lanotin  and  Papai-erin.  Nnrcotin  U  mcthoxy-hydfu- 
tw,  u  H  ol  b)-<lraslin  being  replaced  by  OCHi. 


Ilydmaiin  -  C.,nuNO,.H(OCH.)* 
Xarwtin  -  C„H„NO..(OCH.), 

rnUuioa  bodi  pv«  an^la^ui  nrtificial  alkaloidi,  which  mc  iiomewhat  ifliportiuil: 

C„H,,NO.  +  H,0  +  O  =  C„K,^t  +  CuHijXOJI- 

C.ai..NO,  +  Hrf)  +  O  -  C,JI,A  +  C„n„NO,OCH, 

Kinoiin  Cyanic  acid  Caianilit 


I 

^VBatmn,  CmHuNOi  (itructurc,  Falti^,  1910)  h  an  intrni«'l\  yctlour  and  bitter  aUa- 
^W>^«idr  occurrence,  which  jtlvcs  Itir  color  and  tustc  tu  a  luriir  niiTntier  <>f  "golden" 
•■Ji*!  borfci  <B«ibem,  Xonlhox^i'lon,  Copii*,  etc.), 

jAOfnitofHvdrtitis. — An  cilci»lvc  (.tudy  of  hydnuliianditaalknloid^waamadeby 
j^ff.  iSqj.  Iliii  ttivtt  the  literature  to  thiil  lime.  Of  later  |iu|>ers,  mention  may  b« 
*"■  d  thoM  o(  Ftibier.  1006:  WnUanu.  iqoS;  and  Laidlaw,  1910.  The  effects  of  ibe 
'^Mad  of  tti:  dilTcretil  albaloidK  arc  (jualillvclv  Mmltal. 

.  ftwril  NerTOua  SjMrai. — Hydnutia  proJuces  convulsive  cSects  analoffotu  to 
?■»  i*!  iKjthnin.    Thex  arc  «l«i  obtained  with  the  fluidiMti«ct.    The  dcnvstivts 
^yifkia  and  cotamin  have  a  purely  depr««aant  action,  ptodudng  death  by  respire 
■^pmlytll  (Laldlaw).     There  ii  no  norcous. 

CinwlatioH. — From  the  experimental  results,  it  wem.*  ihat  the  eflccts 
Ibjiliuiu  and  its  alkaloids  and  derivatives  on  the  circulation  arc  too 
lin  to  be  therapeutically  u^ieful.    The  clinical  ev-idence  al.to  a[>- 
j_.J lawlTtcient  to  v«tal)li<li  ihcir  value.     Frcy,  1009,  found  that  hydras- 
Uai  had  no  elTect  on  pulmonary  hemorrhage.     It  is  possible  that  these 
(jmp  mav  have  a  more  pronouncc<l  influence  on  uterine  hemorrhage, 
tbcir  action  on  the  uterine  mui^le. 

'  ifiicocdaiit  reialld  have  been  de«cribfxl.    Witliams  obtained  no  eSecta  with 

or  oral  •dministratioa.  even  with  very  large  doM*.    Iniravcnoualy  the 

,  fardrMtin  ami  bcibcriB  prDducr<l  thr  same  imults;  comidenible  fall  oS 

I  fnmure,  followed  with  sniall  dMei  b>'  a  siifiht  and  ihorl  riec.     With  brgc  doaes, 

pnuuTC  renuined  bv.    ThcM  cffectK  ncrc  prrdnminantly  cardiac  {myocanjio* 

'  oncomclerJi  this  overshadawtd  any  |Kif>4iblc  vuomotof  cbaage*- 
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The  v3»omotar  center  it  not  directly  affected  by  tnodenlc  deaes  of  hydtisUfc  1 
tin,  berbcrin.  hycliuiiniii  or  cotarnin;  bul  may  be  itunulttled  indiKctly  ll 
RSpirstory  dcprc»ion,  oonvuUive  phenomena  or  urdiac  umu  (PQcber  and  SoOmukI 

with  toxic  doses,  there  u  vuomotor  plml>^Hl,  and  panlyiis  of  vftgiu  endiii|>> 
FxcUed  orgnn*  iJiow  v>me  voiiodilation. 

On  the  xcaiified  ^kln,  hydroslln  (i:  1000)  produces  torae  blanchiaK  (Sottmuiou' 
rileher)- 

Hvdroitin  U  related  to  the  pcotoiHn  group,  anil  therefore  dtiwoMS  tlie  cuSte 
and  KKelet4il  muKcle,  and  has  a  weak  local  uie«thetlc  action. 

Uydmilinln  ulto  tuiuct  sunie  |)riniary  fitLl  but  a  Inr^r  rise  (nbotil  15  nun.)  ml)*' 
toined  fur  o>-ct  liflccn  cnioutB)  the  heart  rate  U  ilowcil.  ThU  ris<  U  alMi  prcdominaltll)^ 
cardiac,  but  there  U  n  Mimiil.illon  of  the  arterial  niuficlr,  not  pirveoted  by  panljniDI 
the  nerve  eodin^p  with  er);ut(ixi[i.  KurdinowftU,  19041  iuterpreia  its  actions  ntkt 
differently. 

Uttrinc  AetloHi. — FcHnor,  1906;  Kehrer,  1907, and  Ucb,  1014, riioved  that  hydmA, 
b)'dr3stin,  hydnutinin  and  cotamia  increase  the  tonus  and  excite  rhythmic  ccotnc- 
linns  of  tlie  ulciu^  both  in  the  excited  organ  and  in  Uving  onimnU.  This  box  been (0^ 
firmed  by  Ihc  gubscquent  workcn;  abio  for  the  »urviviii|t  human  uterus  (Rurteoao 
and  Kligermonn,  loti).  High  concentrations  relax  (Weiidling,  1915).  Berberin  tm 
RlmUar  eflfccM  (Marek,  1911).  Iji  Torre.  1911,  examined  hUlologtcaliy  Uie  uteri  li 
anim.ils  treuled  with  hydrHhtinin.  The  muscular  layers  wore  contracted  and  ihkkeBi^ 
compreMinj;  the  larser  vemdt,  and  thereby  j>rubably  decreasing  the  blood  supply  oltta 
mucosa.  Laidlaw  UiaaA  Ihc  siimulnnt  action  of  bydioklinui  and  colamiD  contlaat  is 
the  esdMd  organ,  but  v.irying  with  conditions  during  life.  Tkeae  actions  reNmtle 
those  of  the  pituitary  and  ergot  principles;  but  hydraslis  does  not  act  on  the  iaIeWJKi 
and  very  tllKliily  on  tlie  bladder.  Sjiithciic  hydrof-tinin  appears  to  be  rathct  mM 
■limulant  than  the  natural  plkoloid  (WeiKllin^,  1Q15). 

The  hroncliiole^  ife  not  markedly  affected  in  pithed  animals  {D,  E.  Jacfcsoa,  iot4). 

Action  o(  Borbedn  and  Conadla'.— Krrherin  nets  iiS  n  simple  bitter  fo  sibiH  daw- 
Its  bitlct  tn.iic  and  tlie  yellow  stain  which  it  producca  on  Uneo,  render  It  objeclisotU* 
In  the  thcm^ieiitic  use  of  hydraMit.  Brrbrrin  isabout  Mventitnesaa  active  at  hyJi**" 
tin  on  ihccirculaiiun^aiidas  Iwdrastii  contains  about  one  and  onc-luU  times  Sibuk^ 
berberin,  about  &%  per  cenL  nf  the  drcublory  cSect  is  due  to  tiiis  alkalmd.  U4> 
doaes  lower  tlic  lcm])craturc,  increaM  peristalsis,  and  kill  by  central  paralysb  (Oun 
i8gi).     It  i.i  not  exereted,  being  ])TobBli1y  oxidized  completely  (Berg). 

Canadin  resembles  morphin  somewhat  in  its  action.  It  it  present  in  too  tauO  ) 
(luantity  to  be  of  practical  importance.  It  occur*  also  In  xanthoxytum,  where Itttdton 
nave  been  studied  by  Laidlaw,  1913. 


PRKPARATIONS — n\T>l((\STrS 

ffydiailis,  U.S.P.;  fljdraH.  RkU.,  R.P.  (C.otden  .Seal).— The  dried  tUnowiBdl 
of  Ilydr.-LiktiR  mnadensis,  yielding  not  leas  than  i.j  per  cent,  of  hydrastfn,  U,S>P- 
*  ««..  30  gr.,  U.S.P. 

H)-dia»ti*  was  employed  by  the  Indians,  mainly  at  a  plgmrat,  but  also  as  wtdin''' 
It  was  inlroduced  by  the  eclectics  about  the  cn<l  of  the  eighiee'nth  century.  Tte  (•*" 
Is  becomini:  raire,  hut  b  easily  cullivaled  <llcnkel  and  Klugh.  1908). 

Ext.  Uydraft.,  U.S.P. — A  pouxlctcd  extract  with  10  p«  cent,  of  bydrasdn,  I C* 
rcpresenlinK  <  Om.  of  drun.     Doif,  0.5  Gm.,  8  i;r..  U.S.P. 

•  t'tdfti.  Uydfatlii.  U.S.P.;  Eif.  Uydrail.  Liq..  B.P.—i  per  cent,  of  hydnttb;  n 
alcohol,  J^'oglvcerin,  U.S.P.  Dost,  j  ex.,  30  minims,  U.S.P.iO.j  to  t  CC,  5  tOisM^ 
iras,  il.P. 

C'jn'«».//>*arf..U.S.P.— About  I. IS  percent. of  hydrostin.  JOmt,  ic.c,  }0iaU*> 
Ui«)pf  - 

Tf.  Ilyiratl^  UJl.P.— Jo  per  cent,     [hut,  4  ex..  i  dram.  U.S.P, 

Tt,  Hydroit.,  B.P.— 10  percent.     Dese.  j  to  4  c.c.  %  to  i  dram,  B.P. 

Sydratiw,  U.S.P.,  CuHnNOt.— \Vhitc  prisms.  .%lmo*t  insol.  in  water.  D*n, 
10  mg..  ti  gr..  L*.S.P. 

//ji/f  j./m.  Uyd'oikl..  U.S.P-  C.iHi,NO..Ha.— White  powder.  Very  sol.  in  wn«r 
or  hIc.     Dt>n-,  10  mg..  U  gr..  U\S.P.     Maximum  dose,  0.1  Cm.,  i  W  sr. 

llyJiailinlo,  Kyd'etU..  U.S.P.,  C.,H„NO,HCl.— Light  yciTawbb  ncedba  ec 
powder,  Very  m>I.  in  water  or  ale.  Us  aqueous  wilution.  especially  when  MgWy 
diluted,  shows  a  blue  efflorescence.     Don,  jo  mg.,  }%  gr.,  U.S.P. 
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COTARWIW 

Cotamin  Salts  (marketed  underthenamcsof  "Styptidn"and"Styp- 
tol")  are  used  to  arrest  bleeding,  especially  in  menstrual  disorders. 

Tbe  diiiica]  reports,  on  which  ihcir  employment  rests,  nrc  often  suncr6cinl  nnd 
SOtnetimcs  con Iradic lory.  Tlic  merhitnism  r>f  the  [C|>iileil  nction^  h;ts  not  been  ckarrit 
Iw  cxperimcDtat  iavesUgilions,  This  obscuriij'  ni-te^uilci  3  more  extenuve  discus- 
sion tlun  the  Sniportaoce  of  the  subject  would  olherwisc  juitity. 

Cotunio  was  introduced  by  M.  I'reund.  1893,  on  Ihe  basis  of  its  chemicnl  similarity 
-Kith  the  more  expensive  hyarostictin.  This  chemical  relation  was  discussed  under 
liydnAtis. 

Clinical  Uses. — Cotamin  has  been  employed  s>'sleraicnlly  id  various  forms  of 
uterine  heniorfhagr;  in  other  internal  hcmorrhjgcg;  .tnd  liic.illy  in  superficial  Weeding. 

t'ltriiif  Htmvrrliage. — ^The  most  (rtvorable  results  are  reported  in  menstrual  mcnor- 
rhaRia.  endometritis  and  congestive  hemorrh.Tgc  resulting  from  malpoiition  (Cott- 
schAlk,  iHyj  and  1890;  Kat.i,  1^.5;  Viclh,  itwj;  Boldt,  1904;  K,  Abel,  1905;  Aarani, 
1907;  OlTergeld,  191;).  Colamm  is  said  to  shorten  the  duraiion  of  the  periods  and  to 
lengthen  the  inlcrvnls  (Elischcr,  1904).  The  response  la  prompt  if  adequate  doses  are 
]nj«(te<l  (OflerBcId,  ipis).  Some  olwcrvcrs  claim  lliat  it  also  acts&s  a  "uterine  seda- 
tive." meaning  that  il  lessens  the  pain  ot  d>fmenofrhe.i  ((lottschnllt;  Katz;  K.  Abel; 
Jacoby,  ri)o6;Lorliycr,  1907);  but  the  claim  rests  mainly  on  loose  statements  of  patient*, 
uid  others  have  failed  to  observe  any  anodyne  cflecl  f  Haiidliold-Jcinei,  1907;  Offerffeld, 
■915).  All  oiKrec  that  it  doei  not  provoke  uterine  pain  or  contraction.  It  Is  conceded 
to  be  ineffective  anainst  piwlpartum  hemorrhage,  and  probably  also  against  bleeding 
naultinic  from  abortion,  tumors  and  other  gross  anatomic  lesions. 

Other  iKltrnal  llcmarrhage. — Poslliv'e  results  have  been  reported  in  bronchial  hemor- 
rli^cand  tubercular  hemoptysis  (T-avialle  and  Ruysscn,  180";  Hussa.  191J);  in  hcmn- 
ttuu  of  urethritis,  catheter  injuries,  etc  (Kaufntann,  1905);  in  intestinal  bemorrhage, 
etc. 

Thetc  statements,  however,  are  not  suflicienlly  subflantiated,  in  view  of  the  diffi- 
culty ol  predicting  the  Hjionlaneous  cessation  of  iuch  hemorrhages,  and  the  history  of 
other  "internal  hemosiniict."  The  claims  arc  tiatly  contradicted  by  at  least  one  of  the 
warmeU  •dvocaCes  of  Coturnin  CVicth). 

Local  BetKorrkagc. — The  topical  application  oE  cotamin  in  substance  or  strong  solu- 
tion (10  to  50  per  cent.)  to  superficial  wounds  apparently  produces  a  local  vnsoconstric- 
lion  with  prompt  arrest  of  bleeding.  This  hiis  been  used  successfully  especially  Id 
tooth  utractiDn  (Munk,  iltg9:  Marcus;  Sigrist,  i9ij).epistaxis;snd  in  nasal  iindgenito- 
urinuv  operations.  Its  eflects  would  be  more  lasting  than  (hose  of  epinephrin,  and 
devcla  of  tbe  coagulant  action  of  the  astringents.  Il  is  said  to  be  elTective  even  in 
hnnopbilia  (Hu!i»ch,  iS9g).  This  local  effect  of  strong  solutions  i«  nuilc  distinct  from 
the  synteRiie  administration;  for  Marcus  states  specifically  that  the  latter  was  ineflec- 
tive,  either  prophylactically  or  remcdially,  in  tooth  ciiraclion. 

Tbe  loul  itvptic  effect  has  also  been  confirmed  experimentally  (K.  Abel,  190O. 
Ammoniuni  phtnaiale  likewise  acts  as  a  local  styptic,  and  this  may  contribute  to  inc 
local  eflects  ot  Stypiol;  although  it  can  play  no  part  in  the  systemic  action  [Offergcid, 
1915). 

Espedinents  on  Mechanism  of  Action.— Th*  numerous  invejligaiions  90  (ar  made 
hai-e  yielded  tittle  of  practical  value.  They  show  that  cotarnin  has  a  low  lonidly. 
Very  la^  doses  produce  some  lassitude,  ntaiia.  general  dcprcHion,  and  finally  death  by 
panlyn*  of  respiration.  The  nnreolic  action  is  not  pronounced.  Intravenous  injec- 
tioBS  produce  brief,  inconstant  and  usually  slight  changes  in  the  drculaliun.  which  can 
pity  no  part  in  the  therapeutic  action.  The  coniratlions  of  the  cicised  uterus  are 
■tifflMlatcd,  bnt  the  clinical  iluta  show  that  this  does  not  occur  with  thera[>eulic  doses, 
hrfualon  ot  excised  organs  have  failed  to  show  any  peripheral  or  central  effects  on  the 
temJc  sfMcls.  The  local  siypilc  action  is  obtained  with  high  concent  rations,  and 
I  not  thetcfore  apply  to  the  systemic  administration.  There  remains  the  possibility 
a  mcUc  constrictor  effect  confined  to  the  uterine  vessels.  The  only  direct  evidence 
r  tld>  coomls  in  the  histologic  obKrvationa  ot  la  Torre,  which  requite  contiiniation  on 
BviiK  tbaiK. 

UMMnl  STmploms. — K.  Mohr,  1905,  founi)  that  o.i  to  0.1  Cm-  per  kilogram,  in 
nbbit*,  doffs  or  c.itt  produced  only  some  lassitude  and  drowsiness.  Larger  doses  had  a 
(mnoasoea  Mxlalive  action,  especially  in  cats  and  dogs.  Ataxia  mas  also  pronounced. 
With  fatal  (lu*e»,  the«c  ejects  were  followed  by  some  cxdtemcQl,  then  progressive 
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pariil}-iJ5  titl  dcAth.     Toward  the  end,  the  respirution  Imonie  vtty  tlnw  aai  lUiif' 
sometimes  inierru|>lcd  by  aftphyxiol  ccnvuUiaiw. 

l^idUw,  1910.  un  guinea  piK>,  describes  indcfioite  deprnMon  u(  the  amlnl  Knwi_ 
9)^Icm  And  Acilix  by  paral>'M  of  ibc  retnlTttory  c«ntcr.  Relatively  *BUtU  dowt  t'  '~ 
the  rwpiratioQ,  wiiiisut  change  of  deptlu 

Faial  Dote. — TbU  ranges  from  about  0.1  Gm.  per  kilognun  for  guinea  pigsil 
to  Oji  to  0,4  Gm.  per  kiloRrftm  for  nibbiti,  and  even  bigbcr  for  doga  and  cats  (3 

Jfwtiao  Coutractioiu.— Kchrcr,  1907,  found  ibat  cotarnin  «iiinu)al(s  (be  uir(*1 
both  cidtcd  and  in  lUu,  pregnant  or  noa- pregnant;  increoxinK  Ibe  contractioai  itd 
tonut.  TUh  baa  been  confirmed  for  Ilic  cxcFsed  oroan  by  oil  8ubMi(|Ucni  wodm 
(Loidlaw,  iQto;  RucbMmen  and  Kli^'crmunn.  iQt);  Lieo,  :gi4)-  Tlie  mutts  in  liitit 
centr«dictory.  Kriim's  sUroulnnl  cllccts  sere  obtained  wilb  cats.  With  a  prentM 
rabbit.  M<>hr,  19OJ,  obtained  no  fltimulBtion.  I.aidlaw,  iqio,  aJso  found  tlie  ttfJutt) 
living  [alibits  neeative,  whilst  tlie  cxcbed  organ  responded.  I.a  Torre,  191:,  olstnTil 
no  histologic  evidence  ol  contmclion.  such  ns  is  sren  .iflor  ergot  and  h)drBiliiii. 
Chlappc  and  Kavano  fuund  Iliat  the  prvgnancy  vt  Kuliieu  pim  irat  not  affected  byWic 
doso:  and  that  even  fatal  doao  produced  no  abnurmaiiuei. 

The  cUnicat  data  are  in  h.imiony  u-ilh  these  ncgnll^-e  results.  All  rcpoden  t(nt 
that  cotarntn  novrr  provukrs  uterine  pains,  even  in  laic  piegoancyi  that  !(  dMs  »* 
haaten  the  involution  of  the  uterus;  ortd  that  it  has  no  influenoe  on  postpaM* 
hemorrhBge. 

Mobr  claimed  that  cotarrkin  depresses  tlie  exdubility  of  the  uterus  (o  bypoptUff 
ttimulation;  but  his  conclusion  Bpncors  to  be  based  on  asingle  very  imperfMlexpmnnt 
with  enormous  dotes,  and  must  tAcrcfnre  be  rejected. 

It  appears,  from  all  this,  that  cotamin  stlmu]at<a  the  excisod  uierui,  o«  localcM- 
\a.ct:  but  that,  irith  systemic  adnunisiration,  the  uterus  does  not  rcipond,  at  Irmttt 
rabbits;  and  certainly  not  with  therapeutic  doses  la  ifac  humo^ 

Other  Smooth  U tittles.— ORtinvld  quotes  contractloii  of  the  intesiioes  and  bUAbn 
but  I.aidlaw  found  the  bladder  trresponuve. 

Svtitmic  CirculiUitm. — lolmvenous  lalectlon  produces  variable  dianfc*  in  ^ 
blood  iireHurc;iumeIinies  a  full;  or  a  momentary  fall  followed  b)^aftlight  riw(EcfcnL 
1007:  l.oidlnw,  iQio;  Licb,  1Q14).  If  the  vagi  were  divided,  the  rise  i*  more  proniMt 
(POchcr  and  Sulimunn,  1915).  The  vasomotor  cenirr  It  not  aSectcd  dirKtly.bvl  M» 
be  stimulated  by  the  slowed  rnpiiralioii  (Pilclicr  and  Soltnuum);  and  ihb  pcotaM' 
accounts  for  the  rise.  The  fnU  of  pressure  appears  to  be  cardiac;  for  the  I^angtadM 
h«art  is  slowed  and  wedtened  (Laidlaw),  kthrcr  and  Heina  alw  coaiider  ihrU 
cardiac. 

This  diminished  output  of  the  heart  has  been  credited  with  being  the  cane  id  iW 
hemostatic  effect;  but  Uus  h  most  improbable.  There  is  no  evidceoe  that  ll  act*" 
with  therapeutic  doses;  and  even  with  the  experimental  doses,  it  is  toosligbtande^ 
rially  loo  evanescent,  to  Influence  a  persistent  hemorrhage.  , 

Dirtcl  Action  on  Syilrmic  ArleriiUt. — All  the  earlier  invt»tigators  (Folk.  Mi^ 
and  Ronsse)  affirm  that  cotamin  has  no  effect  on  the  arteriole*,  with  systemic  t4m^- 
istratiofl.  This  has  been  conlirmed  by  the  nfgati\'e  result*  of  pcTfitiion  rtitnif'* 
(Loidlaw,  leg).  The  positive  results  of  diicit  contact  witli  stronx  solutions  hsn  M 
btaring  on  this.  Coiarain  does  not  produce  the  gungrenc  changes  charactCTblx  " 
ergot  iMoht). 

CMlulalian  of  BI<MiJ.-~-Tbi»  is  not  aJTeclerl.  whether  the  cotaniia  U  adiln]  dincUf 
lo  the  blood,  or  injected  into  the  animal  (I^dlaw;  Morfori). 

Vttrtne  Keiic'j.— Many  of  the  clinical  nulhots  cxplaiit  tbc  action  of  cotoialn  ^'* 
tped&I  action  on  the  uterine  veuelt,  a  Mimulatioo  trf  their  vaiomotor  aervn,  c*t- 
(K.  Abd,  1905).  This  appean  to  be  pure  assiunplion.  More  recently,  hoKevn,  U 
Torre,  191 3,  renoiti  histologic  evidence  of  coniracllon  of  the  larger  uicrlnc  xtsstfc  m 
animal)  treated  nilh  cuturain.  Since  postmortcin  apuciiTanccs  usually  give  ■  f) 
Imperfect  picture  of  the  chnnges  during  life,  tbb  eviaence  requires  coofimatioa  hj 
physiologic  methods. 

Doun  and  AdmblstratlaD. — The  coiHmin  salts  may  be  used  by  mouth  or  k)7^ 
dtirmicalTy,  the  latter  being  much  marc  efficient.     The  intramuscular  doK  i-i  ^>  •■:  <» 
0.5  Gm.,  as  10  or  10  per  cent,  snlution,  repeated  dally  ss  needed.    The  injei' 
not  Irritant.     Ity  mouth,  the  dosage  is  from  o.oj  to  o.t  Gm.  four  to  five  tim^ 
Smaller  dose*  ore  inefficient.    In  raeoorrhogia,  it  may  be  started  several  days  beioit  ih 
expected  period. 

Side  Acdooa.— None  have  been  reported  from  oral  administralMii  or  frtim  byp»- 
dermic  injections  of  o.;  Gm.  Offergeld  found  some  lasntude  with  0.7  Gsi.  anil  a  mi^ 
cav:  of  lempornry  co1laps<^  with  o.trS  Gm.  by  intramuscdar  lojtctian.  ^j 
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CtiarHtua  UydtochlorUum  (Cotorn.  Ilydiochl.).  U.S.P.  (Siyptldn).  CiiBiiOtK.HCI. 
— Odorlpi*,  l>i Iter,  yellow,  ciystairinc  puwdcr.  Wry  mA.  in  vater  or  dc,  yieldiog 
ycUow  f^Iuliont.    Dos*.  a.o6  iita.,  i  gr.,  U.S.P. 


CANNABIS 


The  tops  of  the  hemp  plant  are  somewhat  of  a  pharmacologic  curiosity. 
They  contain  resinous  constituents  (cannabinol)  which  produce  a  peculiar 
psychic  exaltation.  It  is  employed  as  an  intoxicant  in  the  Orient. 
Therapeutically,  it  is  used  empirically  (Extract  0.01  Gm.,  J's  gr.)  as  an 
adjuvBDl  to  other  drugs  in  nervous  headaches,  and  as  a  coloring  agent 
for  corn  remedies.  The  drug  is  of  uncertain  activity,  and  iias  no  rational 
indication. 

laUxicuit  Action  in  Min.— The  oricnul  use  of  Cannabis  ("Hiwliifih,"  Rhang, 
Chiru,  etc.)  anu'ciutcs  hi^liiry.  It  vi&s.  iiitroduL'nt  in  Wcslero  mvilk-inc  about  Ibe 
rimMIc  of  Ihc  ninctMatb  CGDlur>-.  Wlicn  UKd  At  lui  inloxiouit,  the  topi  01  raim.  nrc 
mode  into  a  cuiilcctiuD  or  smoked  wilh  lobueco.  Ivllctlivi-  •iav.i  {1  f,t.  of  solid  i-xtract 
a(  the  Indun  or  American  dniK)  produce  uftcr  aboul  an  hour  n  ^t.itc  of  partial  inebriety 
nad  confusion,  irith  liappy  and  humorous  tendcncira,  Idiriw  paw  rnpidly  bul  discon- 
nectedly, to  that  the  time  secias  very  1i>iik.  The  subjfct  cflen  has  hallucinations  of 
douMc  pcrMiiulily.  The  exnltaljon,  which  icemii  to  be  much  more  marked  in  orientnU, 
t*  succeeded  by  «oine  itrilabllity,  do/ing,  und  comnlete  recovery  in  live  or  hIx  houis. 
The  eflccts  m«  modified  by  individual  disposition  and  surroundings  (I  tamiiton,  Lcicohier 
and  PvrUns,  1913]-  It  in  stated  that  the  drug  is  not  fatnl  even  In  very  latK'-  d'"^<*',  but 
experience  ca  d^  certainly  shous  lliiit  it  presents  sonjc  daiiittT.  TJit  habit  lo  uhioh 
H  gives  rise  thowi  leu  effect  upon  the  alimi-ntiuy  cnnal  nnd  Iciu  tnarnsmu«  than  dnrs 
BMfpbin,  Intt  more  nflen  t)S}'i:hic  alterations,  (iulnrs<t,  or  iiiatiiu.  The  clinical  udc 
•eliowwedcitril.rd  by  Scifcrt,  Nelxawirk.,  tots,  p.  149. 

BflKtton  Aoimals. — Dogi  (Dixon,  1^91))  nlsn  show  a  decidrd  nitrcolic  cflect,  jVftcr 
B  preliiniiur}'  ataxia,  eicitemenl,  and  nausea,  the  aiiiinai»  usually  fall  into  a  dei^p  and 
pr^OBSed  sleep,  during;  which  the  sensation  of  pain  is  much  diminished,  whilst  the  rc- 
fleces  permt.  Some  animals  »1ioh  acute  mania;  a  falsi  rndirsx  it  not  raro  front  dose» 
wkicfa  are  ineSective  in  other  animals,  the  some  preparation  beins  used.  Considerable 
IdiomKniv  cxUt*,  snd  the  action  Is  fairly  independent  of  the  dose.  The  eiTeciv  rnn 
not  be  obtsined  by  hypodermic  ndministralion  [on  uci-ount  of  thi:  non-absorptiou  of 
the  Tt»{n), 

RMUt  ««em  ihuiluiely  innuAWptiblc  lo  The  iiMCOtlc  nctlon  of  cannabis. 


PKEP  AR  ATIONK C' ANN  AB  IS 

CmiwUlt,  U.S.P.;  Cannabis  ItuSka,  B.P.;  Cannabiii.  Indian  Hemp  (Hashish,  Bhang, 
Goitt,  Cu)S)a,  Charaa,  Momeka,  etc). — Dosr,  o.Wi  Gm.,  i  gr.,  U.S.P. 

The  dried  doirerins  or  fruiting  tops  of  the  nislillitte  plant  of  Cannabis  sativu.  The 
B.P,  itiquim  that  it  be  ^tuivn  in  India;  the  U.S.P.  ;H.Tmits  any  origin,  but  provides 
'*'*I  the  sctivity  must  be  ronllnued  by  letting  hi.  n.trrolic  effect*  on  dogs  (Houghton 
•*d  Hunilion,  igo;;  L'.S.P.  I,\).  This  is  neceuary  since  different  sampler  vary  trtatly. 
'"d  «re  li&blc  to  delerinralc  rnnidly.  If  the  Indian  drtig  is  preferred,  Connnbi.^  indicn 
^l'}'  be  stifled;  if  the  American.  Cannabis  Americana.  Ami'iicaii  irrown  C-annnbls 
^'W'uces  identical  effect*  (Houghton  and  Hamilton,  1507  and  :ooS),  but  is  generally 
°™y  luif  as  M'live  (Kckler  and  Miller,  t^i;)-  The  prepnralions,  however,  nrc  brought 
™  •■b*  ucne  decree  of  activity. 

,  Tlie*elih*  inpniient  h  ix  re«in,  ranuMiiol  (Fraenltel,  1903),  CulIigO,,  whiehpreienls 
.  ^Ppntnuice  of  a  thick  rcddii^h  yellow  oil.  soluble  in  petroleum  ether,  etc.  (not  identicnl 
'?''  lie  cofnniercul  '"cnnn.ibinol").  Thii  chaiiitei  by  oxidation  to  an  Inucilve  hinck 
P^^-  Tfcr  change  accounts  tor  the  dele riorat ion  which  the  drue  nnd  it»  prepftraiioni 
'■"'"Te  ia  keeping.  The  deterioration  can  he  prci-entcd  by  cicluding  the  air  (Manhall, 
'9*^.1.    Cannabis  also  con(»lni  u  volatile  oil  (lerpenw),  puriiffin,  pilch,  etc.,  which  aru 
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DOt  conccroed  Id  ita  action.  There  is  no  spedfic  ollMdail,  but  tbeestfUBaqrpK 
blkftlotd  reaction  from  the  (ormation  of  cholin  and  tTtamtthyLaoiiia.  Hmm  hc  iln 
not  connected  with  tlic  iution.  The  (rc»h  extract  hnsi  beautiful  green  cclor<iffrRfan' 
N4UlOUlexceuivchcat),duc  tochluro;^)-!.  The  active  principle  Is oompkrteljmlBCld 
by  alcohol,  but  h  iiuulubic  In  water. 

The  )>relciided  IsoIiUnJ  Princiflti  on  the  market  under  varicnu)  uaei  tregaoillr 
quite  iiuctivc  (S.  A.  Matthews.  igoS). 

*£x(.  Cannabh,  U.S.P.;  lixl.  CantKA.  Ind.,  B.P.—A  pilular  ulcotMlic  ennO. 
DosOto  mg.,  H  Kt-i  U.S.P.;  i6  to  60  mg.,  H  to  i  gr.,  B.P.    M  jiimuni  dote,  0.1  GOi, 

ndtxt.  Cannah.,  VS.P.—Dose,  0.0J  cc,  t  minini,  U.S.P, 

TV.  Coniuii.,  U.S.P.— 10  per  cent,  of  druic.  Pou,  0.5  cc,  S  nuniau,  XJ-S^.  Ha- 
nniin  dote,  1.15  c.c,  10  minims. 

jy.  CiMHMi.  Ind.,  B.P.— 5  per  cent,  of  extract,  ftur,  oj  to  1  ex.,  J  W  ij  olifaiH 
B.P. 

LACnrCASIDM— DRIED  LETTOCB  JDICS 

This  vas  introduced  b>-  Dr.  Coze  of  PhiUilclphiii  in  1;^  m  k  stdatit«.  Lttist 
had  some  reputation  an  a  hypnotic  in  ancient  timet,  but  it  i»  probably  undeMmi 
Kcltcrborn  look  ta  Gni.  of  Lacluc^irliim  without  any  cSecU.  No  activ«  priodpktil 
been  determined. 

PREPARATIONS — LACTUCARIUM 

IfoaMoriam,  U.S.P.— The  dried  milk  juice  of  wild  Icttucct  Lacuca  vlrata.  Om, 
I  Cm,,  15  fj-  U.S.P, 

Syr.  LaeXiuar.,  U.S.P.— s  per  cent.     Omc.  10  C.C,  i\i  dnutis,  U3.P. 
Tr.  Lactaear.,  U.S.P. — jo  per  cent.    Doit,  i  cc,  jO  minima,  VS.V. 

LUPnuN  Ain>  HOPS 

These  act  a&  bitters,  and  liavc  some  popular  but  cxaxRcrsted  rcpauttoo  atkiypMio 
Hop*  are  the  dried  piitillatc  flawen  of  llumului  Lupulus.  Tlie  active  ptindpkt  M 
contained  in  small  itlands,  nhlcli  can  be  separated  as  a  powder,  and  coottltiitt  « 
Imfutiu,  . 

Twoncdd*  <a- and  fi-iuputinkMidi) ore prcsenL  TheysUmnbie ibe nn^totjm 
vaicuft  cenicra:  this  i»  followed  by  depnasToa.  Tbey  also  deproa  the  cardiac  MKK 
Lupulin  contains  a  further,  unknoim.  caiuti  tuent  which  is  Intofubk  la  «rater  and  a  MaM 
cardiac  pobML  Power,  Tutin  and  RogerMR,  191*.  also  found  a  trace  of  alkaloU.  H' 
these,  however,  an  not  active  when  administoea  by  tbe  stOCDACb,  tad  ace  iheicHO 
not  concerned  in  the  action  of  the  drug. 


PRKPARATIONS — HOPS 

Bumntuf  inumtd.).  U.S.P.;  Hops.— The  dried  stcobila  of  Humulus  ln^im. 
Dose,  i  Cm.,  30  gr.,  W.S.P. 

LupiiHm,~Doir,  0.5  Om^  8  gr. 

LOC0DI8BASB 

Honca,  cattle  ami  sheep  on  th«  Western  nock  ranches  ate  subject  to  this  ptcafc 
db^oe.  witch  bean  Komc  lewmblonce  to  drug  habits.  TheiymptomsoonlstiilBOM 
bcoardlaatlon,  forced  movcmenis,  misjudRment  of  dUlince,  stupidity,  apcuiaV 
hallucination*.  In  the  chronic  form  there  is  emoditioD.  Ueatfa  Is  pre^dra  by  cMK 
and  convubionf'. 

Tbe  cauK  ol  thne  cundiiiuns  is  obscure.  It  Is  generally  attributed  to  feetfinc  M 
cettain  kgumiiWtu  plaut*  ("loco  weeds"— especially  .'Utragalus).  C.  D.  Manll,  1*^ 
clklna  to  havB  reproduced  the  comiltion  (nervous  symptoms,  etc.,  with  exudUM 
men^tis,  anemia,  etc.)  experimcnUlly  by  very  long-«aBlbued  fcniing  with  t) 
pUnts;  but  H.  T,  Marshall,  1014,  cooilders  the  result*  inconclusive,  iind  believKtlal 
there  is  no  diitinct  loco  diseiuc.  and  that  the  name  covers  a  variety  of  oopditioM  wt* 
nuiriilon^paxasiliMa,  etc, —unconnected  with  the  locn  weed. 
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COCAIK  GROUP;  LOCAL  ANESTHETICS 

Actions  and  Uses. — ^Thc  alkaloid  cocain  is  Important  mainly  as  a 
local  anesiliclic.  paralyzing  the  sensory  nerve  fibrils  on  direct  applicalioa. 
With  dilute  solutions,  its  action  may  he  confined  to  thcw;  but  higher  con- 
centrations paralyze  all  other  nerve  libers,  and,  indeed,  they  kill  all  proto- 
plasm. Dilute  solutions  also  produce  local  \-asoconstnction  and  dilate 
the  pupil  through  stimulation  of  the  sympathetic  pupillo-dilator  mechan- 
iam,  both  centra!  and  peripheral. 

When  cocain  is  absorbed  in  sufficient  quantity,  it  produces  complex 
systemic  action.^,  involving  stimutatiun  and  paralysis  of  various  parts  of 
the  central  ncr\-ous  system.  These  are  mainly  of  toxicologic  and  scientific 
interest.  Its  continued  use  leads  to  the  formation  of  a  habit,  resembling 
morphinism. 

Analogous  local  anesthesias  arc  produced  by  a  variety  of  synthetic 
|>a.4e«,  which  may  be  used  as  substitutes  for  cocain. 

HiMorioaL — Cocain  U  derived  trom  tlic  lea  vex  o{  Erythroxylfln  Coca,  a  tr«c  indiiccn- 
OU9  tu  Pttu,  Chili  ftnd  Boiivia.  Ths  Ifkii^s  were  cliewcd  ffom  lime  itmncmorlal  by- 
the  nativej  to  relieve  hunger  nnd  fnli^c,  and  toproducc  a  psychic  slimulation,  lomc- 
whal  titet  the  m.tnner  of  CftScin.     It  is  now  cuillvntrd  In  oilier  Iropicitl  rountrir*. 

la  Europe,  tmls  widi  the  leaves  g«v«  disaiipuiulint'  rL-su1Is.  The  digcoveren  of 
cncnia  (ft'oeblei;  Niemann  and  Lossoi,  i860)  incidentally  described  its  tinc»Uietic 
action  OB  the  tonsue,  but  nrithnut  realizing  its  slgnitlcancc.  Ae  late  as  1S80,  a  Rritish 
iiMdical  eoniraUsioa  iFportcd  on  the  drug;  as  merely  a.  poor  subatitule  for  culleiii 
(further  details,  J.  U.  Lloyd,  1911,  "History  of  Vcgctnble  Drugs,"  and  1913,  J.  Am. 
Phann.  Aiaoc.,  1:1143).  In  the  same  year,  Anrep  subjected  cocain  to  a  Ihoroiigh 
pharmacologic  i^vc^ti|Iation;  and  in  1S84,  the  Vienna  oculi&t  Koller  introduced  il  at  a 
practical  local  onnthelic.     Its  importance  wits  then  at  once  recognized. 

Peripheral  Nerves.— Local  Anesthesia.— Local  contact  with  cocain 
paralyzes  all  forms  of  nervous  tissue,  without  preceding  stimulation. 
The  susceplibilily  of  the  various  nerve  fibers  presenls  marked  and  char- 
acteristic quantitative  differences.  Sensory  fibers  arc  especially  easily 
attacked;  and  by  using  appropriate  dilutions,  the  paralysis  can  be  confined 
strictly  to  them.  With  sufficient  concentration,  the  paral^'sis  is  as  com* 
picte  as  if  the  nerve  fibers  had  been  severed  with  a  knife.  If  the  allcaloiti 
IS  washed  away,  or  absorbed,  the  nerve  recovers  its  futictions  promptly 
and  completely  (but  very  strong  solutions  may  produce  neuritis  and  per- 
manent paralysis). 

Since  thts«  effects  are  strictly  local  it  follows  that  the  cocain  must  be 
applied  in  such  a  way  that  an  effective  concentration  will  reach  the  nerve 
supply  of  the  part  which  it  is  desired  to  affect.  This  may  be  accomplished, 
according  to  circumstances,  by  painting  a  solution  on  mucous  membranes 
(from  which  it  is  very  readily  absorbed);  or  by  injecting  it  into  or  under 
the  skin  (infiltration  and  subcutaneous  anesthesia);  or  around  or  into  the 
nerve  trunk  (peri-  or  intraneural  anesthesia);  or  around  the  spinal  nerve 
roots  (subdural  or  spinal  anesthesia).  The  intact  slun  is  practically 
impcrmcabie  to  cocain. 

Diu'ation  of  Local  Action. — The  onset  and  duration  of  the  anesthesia 
varies  with  the  concentration  of  the  solution,  and  the  method  of  its  appli- 
cation. Roughly  speaking,  it  starts  in  a  few  minutes  and  lasts  perhafK 
ten  to  thirty  minutes,  with  a  single  application. 

Local  Anemia. — As  the  cocain  is  absorbed  and  thus  removed  from  the 
site  of  application,  its  local  action  ceases  and  its  systemic  and  toxic  effect* 
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Start.     Since  cocaiii  is  rajiidly  destroyi-'l  in  ihc  borly.  thf  ^ysiemic" 

iDCTcases  with  the  rupidity  oE  Absorption.     It  is  therefore  (l«sirabl«l 

often  necessary  to  delay  the  absorntion.  This  may  be  done  by  mirictrnc 
the  local  circulation.  Cocain  itself  tt-nds  to  do  tliis  by  producing  x  U>l 
vasoconstriction — an  advantage  which  is  not  share<l  by  iu  sutMtituUS- 
This  vasoconstriction  should  be  reinforced  by  the  addition  of  cpincpbria. 
In  suitable  situations,  the  circulation  may  be  slowed  by  bandana,  f 
arrested  by  temporarily  clamping  the  itrtenal  blood  supply.  The  anenit 
also  favors  anesthesia  directly;  ligation  of  a  lai^  artery  in  itself  producH 
anesthesia  of  the  nervous  eixl  structures. 

When  a  large  quantity  of  dilute  cocain  solution  is  injected  under  pre- 
sure,  as  in  ihe  infiltration  anesthesia,  the  cocain  action  is  rcinforctil  bj 
anemia,  pressure,  and  edema. 

Tbe  Sel«clive  Action  of  Cocain  on  Motor  uid  Sensory  PHmt. — When  a  H  t*  >  pC 
(«nt.  si)luii<>[i  uf  viKuIii  in  inji^ird  into  ii  iiiixc<l  nctvv,  ur  ioio  the  HibdursI  csoil  it) 
selective  action  U  vtr>-  murkcil,  m  iKul  th«ic  is  complete  atiMliieH*,  wilhoitl  ■><■' 
ImiiHltmvnt.  If  tlie  contact  ii  proloniicd.  by  ttopping  tbr  circulBlion,  or  if  ttrap 
Bolutions  nn  smployod,  Ihc  tnulur  filjcn  uImi  iiceomc  paralyMd,  wi  (hut  the  dilTeicKt  I* 
mcTcty  (|U3nIttativc.  A  similnr  difference  in  the  luiccplibillty  of  motor  »nd  xnW 
Structures  exists  nlio  for  the  alcohol  group,  sconEtin,  plienol,  and  hydrocya&ic  laCi  a^ 
even  fur  the  c«ntnilly  acticit  narcolia,  clhri.  ttc.  It  is  therefore  u  irharKle(i»i>*' 
ncrvouK  tissue  rather  thnn  of  coc.iin. 

Cocain  Ib  Lms  ESectiTe  in  Inflamed  TtssQea.  —  'Phis  may  be  explained  by  tbe  bfjM 
mia.  resulting  in  mote  cu\-i<i  ,i!jsorpliyn. 

PoripheruFaralysis  of  Spt^ial  Sense  Nerve5.^Cocainabolisbn  not  only  ■'»  >'<■'*' 
tlon  of  pain,  but  other  «|ii->'ijl  sensuiiuiH.  if  il  is  suitably  applied.  Here  also  lVt<i 
Mme  Klcclion.  In  llie  skin,  it  paralyzM  the  Miue  of  pain  and  touch,  but  hat  Ultlr  '>' " 
effect  on  temperature  sensation.  /*  Ike  »asf,  it  abolbhen  Ihe  olfactory  aenu.  Of*' 
fiMfMr,  it  destroys  the  taste  for  bitter  subslanccs,  but  ha*  Icks  effect  on  tweel  n«)  i^ 
laate,  and  none  on  salty  tasic. 

Selectlva  Action  on  Other  Nervea. — When  cocain  it  apf>lied  lo  the  appiyw*  i 
nervn.  il  it  fciuml  ibot  the  centrifuK.il  vngus  fibers  arc  poralyxcd  before  tte«iltlVm-| 
vasDC(iii.t  trie  lor  fibers  before  vasudilutor;  bronchial  conaln'ctors  before  th«  dUaHai>*6  1 
(Dixon,  11)04).  I 

Visceral  Pain.— Hie  abdaminal  v[«cera  arc  sensitive  to  pain  in  normal  aninub;  M 
the  Knsation  is  abolished  by  cocain,  even  when  tmall  doses  (0.7  mx-  per  kllaKiaHM^ 
Injected  at  a  diitance)  for  instance,  into  Ihe  pectoral  iauMle»  (Kait  aiM  KldlKf,  ili*^ 
IQ09).  This  cpetial  anesthcsift  t.isU  n1»nil  hnlf.in  hour.  Tbc  Uiscnsltivefteiaaf  ctiM* 
in  MUKical  operations  under  cocain  anenlhf^ia  is  thu»  explained.  The  effect  \tffukfmf 
central,  for  the  animals  are  greatly  quieted,  aiihough  general  aenaation  b  not  Vttfmn^ 

Motor  Endings.— I -irge  dosei  of  cocain  parnlyxe  these  in  frORs.  Tbl*  cuiait  »CI» 
would  not  be  seen  in  iiilHCt  mummuU.  . 

Smooth  Hnscle. — This  is  gcnprally  fint  stimulated,  then  dc^ircMcd,  r^ai4Mn 
innerv.ition  (constituting  n  fund.imrnl.il  distinction  from  epincpluin).  Cardiac ■■~~ 
aod  the  Mlivary  glandtarc  not  Mimulutcd  (Ktirods,  <v>SJ. 

Kte  of  Action. — Cocain  can  puralyic  the  ncrte  fiber*  anywhere  in  thtar  cM 
wherever  it  in  brought  into  contact  iritb  them.     When  it  la  applied  to  mucoui  IM 
branes  or  hypodermically,  ft  doubtless  srlccii  the  portions  periplwral  to  lb*  ■ 
trunlu,  the  thinner  ihenih  ol  the  lermimLl  fibiil*  fadUtntins  its  pcnelraiioD-   ItH 
tbtreforc  unneccii.*nr>'  to  auume  n  •elective  action  on  the  histolosJcai  teniory  uA^ 

PttWtratioQ,— Il  IS  quite  jm-itiblc  that  its  (elective  action  on  different  norve  (W 
taay  alto  dqwod.  In  port,  on  differences  in  penetration.  On  this  accoant,  ikr  t* 
(WttJM  boM  b  more  effective  than  Iti  lalii.  in  equal  concentration,  *iiKe  the  ban  bM 
wlnble  in  the  lipoids  of  the  nerve  slicalh.  Free  cocain,  however,  is  not  suf&dnAII 
Mluble  in  water  lor  practical  use.  U.  (.raa,  1910.  therefore  advite*  an  citeropwaoNII 
mixiurc  of  raolfriilnr  (|uantiiici  of  novocain  hydiochlorld  and  wdium  bicubonata. 

Kattire  of  Action. — U(  ihi^.  little  is  known,  except  that  it  is  purely  fuixiMiul.  M 
atrucliiral  1  liangci  arc  discoverable  in  the  nerve  fiben. 

SynerKlsins.— The  mltliire  of  cocsin  with  its  let.ilcd  bases  (novocain,  etc),  oe  ail 
antipyrin  or  nitrites.  i{ivei  simple  summation  of  the  jncsthctic  effect  (A.  Sctunid,  i«i.  " 
mljitutci  with  fialaiiium  ults  give  potentiation  by  75  per  cent.;  polnsaiiim  alio  f 
tiates  novocain,  Ikiit  not  slovainornlypin.     Korhmnnn,  1914,  ibercfote  adviiea  to 
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LBIBBdium  of  0.5  per  ccot.  i>otn>>.  i^iilph.iic  anil  0.1)  per  criii.  N'lCI. 

. ._nHHI  the  »n«!lticUc  power  of  ci>rain  (M.  Brauii)  by  direct  ByiicrKisro 

CWWCTJdjr,  COCain  increases  ino  epinephrin  conxlrielion,  even  in  very  Hiiiill 
I  cooceatniUotu  (Fbchtl,  IQ15).    The  Tropncocain,  however,  deprives  epinephmi  of  lis 
8ynerK»tic  ami  ronmririftr  nclfon  (Kochmann.  1014). 

I,«cal  Vksoconstrictor  Action. — The  npplioition  o{  cocoin  lo  mucou»  mcmbrnncs 

CkuUrly  Ihc  iiitlimcd  conjunctiva,  prnduces  diKiincI  local  vnsoconFtricllon,  wiili 
«liiiiR.  ii&lrl(it(«it  ttCRMttiuu,  uni]  actual  cunlraclion  of  vascular  formutioni.  such  as 
'  polypi-    1^  cocain  substitutes  do  not  possesa  this  action;  many  of  them  dilate  the 
vc«kU. 

The  anal^is  of  the  constrictor  action  of  cocain  has  §iven  contrudictorr  resuitiu 
Since  the  action  b  local,  it  must  lie  pcriphersl.  However,  direct  perfusion  of  tfic  veswU 
is  either  ineffective  or  produces  dilution,  never  conairlctloo;  nor  does  focuin  counteract 
tiie  dilati>i  eflccl  of  nitrite!.  iKurodn.  1915),  The  constriction  can  not  be  explained  by 
ancsthcua.  tinre  other  !<tr;il  -inrsthctics  do  not  coni>tricL 

G«n«nJ  Toslcl^  to  Protoplasm. — Cocain  fs  a  typical,  If  rather  weak,  protoplotmlc 
p(Msoa.  paralysing  all  wrts  of  veils,  without  producing  any  grtvsi  chemical  changes.  It 
u  toxic  to  the  lower  lormx  of  animal  life  (infusoria,  etc.);  but  hai  Uttlc  elTcct  on  bacteria, 
or  oa  ftmeni*. 

ACTIONS  OF  COCAra  OK  THE  EYE 

When  cocain  is  applied  to  the  conjunctiva,  it  produces  local  anesthesia 
[(which  may  not  cxternl  tu  the  iri.t);  local  anemia  (which  exteiidsi  to  ih<; 
iris,  but  not  to  tbv  retina);  and  submaxLmal  dilation  of  the  pupil  by 
peripheral  sympathetic  stimulation.  The  mydriasis  occurs  also  on  sys- 
tcnuc  administration,  llic  accommodation  is  impaired,  but  the  light 
reflex  is  preserved;  there  is  some  exophthalmos..  The  intraocular  pressure 
isusually  lowered,  but  may  be  increased.  The  mydriasis  and  its  associated 
phcDomcoa  are  not  produced  by  most  of  the  cocain  substitutes. 

Injury. — Cloudiness  and  e\'cn  ulcers  of  the  corne.1  fajmclimes  follow 
the  application  of  cocain;  they  are  explainable  by  the  drj'ing,  and  the  irri- 
tation of  dust  and  other  foreign  mutters  which  are  not  perceived  on  account 
of  the  anesthesia  and  the  aliolition  of  the  winking  reflex.  The  protoplas- 
mic toxicity  may  have  a  part  in  their  production. 

Th*  Cocain  Mydriads. — Thl»  differs  in  important  respects  from  the  ntropin  mydria- 
kia;  with  atiiipin.  ibc  dilation  isRmlcri  the  light  rrtlex  ii  lost;  the  iiiiraix'ular  tension  i» 
alwKj's  ni«cd;  exopbtbalmcn  is  ab~fnt.  The  [lupjl  does  not  react  readily  to  pUocarpio 
[or  BIBKarlQ,  whll»l  lhfi«  constrict  the  cocain  pupil  enMly. 

Time  difleiences  point  to  a  diffctetil  mode  •>(  acliun.     In  etli'd,  utiopin  paralyses 

the  oculomotor  (constrictor)  endings,  whilst  cotain  iitimulatcs  the  sympathetic  (dilator) 

I  mcclanitim;  tor  when  the  s^'inpathctlc  fibers  hiivc  deHcneiMle<i  (eight  days  alte^  eilJr- 

I  patioa  of  lli«  aupeiior  cervical  ganglion)  otdiiiary  doses  of  cocain  cease  10  be  effective 

'  (Limbnurg,  iS^a;  Schultx,  li^q).     Dilation  may  still  occur,  however,  with  large  dose* 

ot  under  ^tcial  conditloiu.    Simple  (post  Ran Kli'>nic)  division  of  the  »ymp»thclic  doe6 

not  inunrdiatcly  abolish  the  cocain  reaction;    the  stimulation  must  titorefore  involve 

the  mdinxt;  but  since  tbe  dilation  is  not  ns  strong,  it  would  seem  that,  ordinarily,  the 

pupilkMllulor  center  Is  abocoiKcnicd  (Schultz,  iSijS). 

Under  ordinarj-  conditions,  the  cocoio  pupil  continues  to  respond  to  oculomotor 
I'MliDUhtioB,  iJiowing  that  tbe  constrictor  mcchnni^ni  is  not  puralytcd.  Tmlonged 
■ppUotkm  of  a  S  yet  cent,  solution,  however,  al»o  |iaral>'i^es  the  oculnmnlor  endings. 
In  otrds' eves  cocain  produces  no  dilatation,  whereas  in  frogs  it  is  very  mnrltcd. 

CTdonlcfla. — Thu  beglM  ia  five  or  ten  minutct.  The  maximum  is  reached  in 
(hirty  mmate*  and  lasts  ten  to  fifteen  miuutos;  the  nomal  ia  restored  in  one  and  one- 
(juarter  lo  two  hours.  Tbe  accommodation  is  merely  disturbed  liy  a  drop  of  fj  i>er  cent. 
s^tatioHi  hlch concentrations  paralyw  It  completely.  The  mydriasii  develop* somewhat 
moniloalj^iid  is  more  lasting  (Horovitx,  191 1)>  i^-  Wood,  iSqj,  udvlaes  tbe  addition  of 
cocsin  to  bomatropin.  to  paralyne  acciommcidatioR. 

blraocular  Rtwmire. — Tbis  may  be  unchanKcd,  or  raised  or  lowered  (Tourricre, 
1911).  Tbe  reduction  it  probably  due  to  the  loud  vasuoODStriction,  which  would 
t«-nd  to  le^MTi  the  lymph  flow  into  the  chaoibert.  Thi*  is  partly  counteracted  bv  the 
mj-driasis.  wbkh  lead*  to  obalniclion  of  the  lymph  (banoe1»  by  the  relaxed  ciliary 
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mtisclea  {*tt  "Atropin").    This  obitnictkn  may  ptedooitiutc,  and  the  pnwRi 
tbu  bt  ioCICMcd.  c<^pccmlly  in  slauconlB  (MyufaiU,  1913). 

Eucmin  and  alyiiio  acl  limilatly.  Holocaia  b  laid  la  have  |>rovoked  Kutc  (boaw* 
(CJusing,  iQis)*  TtDpacocain  and  acoin  ore  probftUy  innctiire  (BolUt  um  CwtiL 
1911). 

Retmal  VeaaeU. — These  a»  monKl>'conslrict«d<Hirschfel(]cr,  1915).  lUtatro* 
rctponHbIc  (or  Lhc  occjuional  occurrence  o(  optic  atrophy  ([iBtnuck,  I91i}. 

SrSTEMIC  ACnONS 

These  are  rather  variable  and  complex,  dqicnding  largely  upon  the 
ilosc.  Whilst  si)  structures  arc  HjH  stimulates)  and  then  paralyied,  Ibe 
susccptihility  to  the  poison  is  not  uniform.  Indeed,  some  porUonsol  lite 
iier\-ous  system  show  onl)'  stimulation,  death  occurring  before  thep&nlyos 
of  these  structures  is  reached. 

Stimulation  of  Higher  Functions.— The  (iist  elTect  is  a  wdl-inuked 
stimulation  of  the  liigher  parts  of  the  brain  (caftcin  action).  Tia  *• 
shown  in  animals  by  increased  movement  (sometimes  "circus  moveroeiits")« 
In  man  there  is  some  psychic  slimulation  and  wakefulness.  A  grater 
endurance  a^aiml  faiigae  and  hunger  is  also  noticed. 

How  far  thin  may  be  due  to  a  stimuLation  otter  the  manner  of  CAffein,  ot  to  a  MKMt' 
after  the  manner  pf  morphin,  it  impouiblc  to  *latc.  It  Is  not  at  all  uallkdy  thil  batb 
play  a  pari.  In  rctcnrd  lo  iho  Mniiutiun  of  hunger,  It  balM  probaUe  that  lecilaM^ 
thetiiatioo  of  the  stomucli  uidi  in  the  c0ecl. 

The  rctlxtoncc  to  fatigue  CM  be  dcmonntrntcd  with  the  CTgogrsplt. 

Another  evidence  of  the  SilJmiUailnij;  action  of  cocain  Is  fumlsbed  fay  the  lact  IhU 
■biiukU  to  which  it  hat  been  admiiu»t«ed  arc  more  difficult  lo  put  aiul  lo  ktcp  under 
chloiToform  or  other  anrathctic  Mouo,  1887.  aiid  .Urila,  1915,  tind  that  ioio«3iK- 
d  coc^,  hypodermically.  wakens  do^  or  t»D(Hb  from  deep  chloral  »leep.  The  tniv 
Ution  i*  greatcat  with  cicitnbla  tn^viduali,  and  may  seriously  interfere  wi th  epenliDa> 

Incoordination,  Narcosis,  Convulsions.— This  stage  of  stimubtko 
may  be  very  short  or  even  absent.  With  somewliat  larger  doses  it  nay  be 
succeeded  by  depression,  first  of  the  cobrdiitating  funciions.  The  iitov^ 
ments  lose  titeir  puq>osive  type  and  become  choreic  Tbcn  is  thtili 
genera)  narcosis  after  the  manner  of  morphin. 

This  is  followed  by  convuUums.    If  the  paralysis  b  rapid,  tlw  < 
fltve  stage  may  not  appear. 

The  Scat  of  the  ConvulsiooG.— This  has  not  been  exactly  dcterrnlacd.    Tk|l| 
the  other  eflcctA,  nrc  probably  <)e«ccniiing,  and  the  diflcrent  convulsive  cnuna 
affected  in  lucccssion.    In  some  stages  at  least  they  seem  to  reitde  excloriveljr  I 
bind  brain.     In  dom.  they  appear  to  be  confined  lo  the  cctebtal  cortex,  i<x  fdlj 
and  ftlumenthul,  tSS;,  claim  thai  they  do  Dot  occur  after  abbtloD,  tiot  ia 
aoimab,  in  which  the  cortical  motor  centers  ore  not  yet  excitable.    RabbJtt  ■ 
of  the  bcniisphcrcs  do  not  ihow  the  clonic  convultioiM or  KKibatoiy  eSactt;  boil 
do  exhibit  tonic  convulsionii  and  "runiuiig  movemeati."    Their  rcsiircuiDt  to  I 
do»o  ii  increased  IMorita,  itjii;). 

Central  Phenomena  m  ProEB— These  nhow  at  first  symptoms  of  tdnalatlobf  I 
falcicaK-of  the  voluntary  muvcmcnlaand  cuLggeralion  o(  the  rtfleM9,3a(xietinMalnA|i 
to  cuni-ul^ions.    This  h  foUoircd  by  paialyid»  of  the  whole  central  nervotu  lyMcnL       ' 

Spinal  Cord. — In  fro|ts  from  whTcb  the  brain  has  been  removed,  oocain  CMWiit| 
fint  an  Increase  of  the  refleies,  then  oonvtilsioni,  and  finally  total  nanjjnii,  I&iMiCtl 
admals  this  effect  is  obscured  by  the  action  on  the  biRher  centers  of  the  ncrvoai  lyiiaK 

The  result?  o(  apptylag  cocatn  directly  to  the  cord  will  he  ooDsldereid  later. 

Respiration. — This  is  at  first  accelerated.  Dating  the  spasms  Itil 
irregular.  The  volume  then  diminishes.  It  may  assume  the  Cbcyi*! 
Stokes  type.  Res|)iratorv  paralysis  is  the  usual  cause  of  death.  Ttui  il 
also  the  first  center  to  fail  when  the  cocain  is  applied  locally  to  the  fouil) 
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vcntride.  Excised  bronchial  muscie  is  somewhat  dilated  (Trendelenburg, 
1912). 

Emtsis. — The  vomiiing  which  fn-quently  occurs  in  cocain  poisoning 
is  perhaps  due  to  the  medullary  stimulation,  but  its  mechauisru  haa  not 
been  fully  invesl.igal«1. 

Circulation. — The  effects  of  cocain  on  the  general  circulation  are 
partly  cenUal,  partly  periplieral.  They  vary  according  to  the  dose,  as 
shown  diugiammaticaJly  in  Fig.  9,  They  are  also  ir^ucnccd  by  indi- 
vidual susceptibility. 

The  typical  effects  are  as  follows: 

Very  smaU  doses  diminish  the  pulse  rale,  by  stimulation  o£  the  vagus 
ceDter  (Vulpian,  1884).    There  is  a  quick  rise  of  blood  pressure  from  stimu- 


Ka^inLgjCaJir. 

VoM-mXtrCenbr. 
CenUr. 
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W«ct  Hloselt. 
Blood  FVewurt 


Tta,  9> — Diattaifr  of  Mr  Aa4iHn  of  Coeain  on  Rapiralioit  osd  drcnlalUm.    CA.rin  of  thi  but** 
ti|(aifiC4  ui  iucreaic  or  stimulLlion;  a  fall,  the  revcriD.) 

latioa  oi  the  vasomotor  center;  this  is  followed  by  a  temporary  fiUl  due  to 
the  stowing. 

Moderate  doses  quicken  the  pulse,  mainly  by  central  and  peripfacial 
depres&ion  of  the  vagus  (v,  v\nrcp,  1S80)  with  some  stimulauon  of  the 
acttlcrator  center  (Mosso,  1 887),  The  fresmre  rises  (v.  Anre]))  frwm  wt  imu- 
lation  of  the  vasomotor  center  (Bcrthold,  1885),  aided  by  the  faster  heart 
rate.  The  vasomotor  factor  is  predominant,  for  the  rise  is  practically 
absent  if  the  cord  is  cut. 

Large  doses  cause  a  preat  fail  of  pressure  and  slow  and  weak  pulse  (v. 
Anrep),  from  the  depres»on  of  the  medullary  centers  (collapse)  and  of  the 
cardiac  musde. 

Actieos  en  Heart  Rote^— This  demands  mmc  further  diacussioo:  The  fUwiH[  Item 
■aall  dotes  docs  not  occur  if  the  vagi  have  been  cut,  su  thai  it  is  of  ceotrat  uHkiii.  The 
mmektnimg  from  niodetatc  iloscs  is  also  less  marked  if  the  vagi  have  been  divided,  to 
that  it  is  pcobsUy  due  Id  purt  ig  u  dmretsioii  o(  the  vagai  center.  The  ^  »gus  nannlis 
kre  abo  depitsaed,  (or  electrical  stimulation  of  ihe  vagus  trunk  is  only  partly  succc^td 
(v.  Anr^  tSSo).  In  the  frog  thcK  gsngUs  can  be  p&ralyeed  comjilrtcly  by  the  local 
appltcatioa  of  oocatn,  but  In  the  intact  numtnal  the  porajysis  is  nut  cumplElc.  Some 
quietening  occun,  bowrvei,  even  when  the  vagi  have  been  divided,  but  none  11  seen 
it  Ute  Acceterators  have  nlao  been  cut.  The  fititt  st<ni>init  h  due  to  a  direct  paral.v'Ms  of 
th«  BMSelc,  for  it  Is  flccumpanied  by  weakeoiut;  of  the  conlruction,  and  it  occun  after 
■trapia^  jukI  ia  the  excised  heart. 
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The  Escised  (Langendorff]  Manunalian  Hrart. — TliLi  lut  bwn  invBlixsUd  b/  ] 
Hnibom,  iK'ji);  tiiniiniitun  and  D^ifls,  igo.S;  .im!  Pnit.  i'j[  j.     Loir  conccnintiocu  ilow  | 
ind  strcDgUiun  the  cunlrucliuiis;  bighcr  i.<iu-.i'[itraliuiu  cagw  slourini;  and  wcakcninit; 
f*Ul  cnQccnIralit>i»  gU-e  dinstoliL-  arr^t.     Kuruda,  ■913,  oboerved  no  stiinulalion  m 
excbcd  heads  of  in.imniuls  or  frogs. 

The  excised  frog's  heart  is  stimulated  by  small  canccatrali<>n!i  (3Io^»o,  tSpo).  and 
depretAcd  by  high  ronrcntrntions.  The  terrapin'*  heart  is  sinulaily  oSected  (U.  G. 
Beyer.  1885). 

The  effectt  on  blood  pressure  have  been  described  mainly  by  Ott,  1874;  v.  Aattp, 
iSSo;  Viilpi.\n;  Miwio,  1.S90,  nnd  Reichcrl,  iSc)t.  The  comparative  eSecIs  of  cocaia 
and  novotain  have  been  invoiliR.itcil  an  diiKi  by  K.imcnitovc,  1911. 

SpUn^uic  Circulation  ;Iiiflueace  on  "Shocli." — 'i'tie  in truvrnout  injection  ofcocain 
has  a  very  pronounced  cITccI  on  the  splanihnk  circuUlhn.  The  iniesijnd  appear 
unusually  pale.  Handling  oi  the  viscei^t  and  other  n)ca,sum  of  "shock  "  which  ciuw  ft 
iplnnchnic  dilation  and  cjiuequent  F^ll  of  bluod  pres'Mire  in  normal  animals,  have  kaa 
or  no  effect  after  cocain.  Burning  Jind  stimuintion  of  the  sciatic,  which  cauic  a  rise  oE 
pre*nurf  normully,  arc  jiI-i*  incrlcciivc  JCrilc,  ipoi).  Ffrf,  loot',  on  the  other  hatxl, 
dnims  that  local  antsthL-sia  (by  cocain,  it^  substitutn,  or  freciini;)  dues  not  aboliftb  the 
depframnt  relieves  (decrease  ot  muscular  work,  of  ihirpncu  of  vision,  etc.);  thoe  occor 
from  iiroccdufcs  which  would  ordinarily  be  painful,  even  when  the  Knution  o*  p«in  is 
eliminaicd. 

Cerebral  Circulation. — This  h  increased  by  cocoin.  and  still  more  by  imvocjiii 
(Frarikturlhcr  and  Hirschfdd.  1910).  The  vcsicli  of  Ihc  retina  and  pis  malcr  arc 
ccmsliictrd  (HirschfcldiT,  1915}. 

The  lulne  flow  is  generally  diminished,  but  sometimct  tscreiued,  de]>endiiig  mainly 
on  the  >i«o motor  effect. 

Temperature. — Cocain  cauiteR  a  rise  of  temperature,  due  essenilally 
to  increased  heat  production,  and  this  largely  from  muscular  excitement 
(sec  chapter  on  "Heat  RcRUlation"). 

Effect  on  MetaboUsm.>~In  t'lbhits;,  laree  doses  of  cocnin  cauie  rajud  lost  of  w«t|bt. 
The  quantity  of  urine,  its  •.rt-tiric  gravity,  nnd  particularly  the  urea,  are  dimiaished. 
whilst  the  incompletely  oxidiietl  (eilractive)  nitrogen  is  increased.  During  recovery, 
Ihc  quanlily  of  urine  returns  promptly  to  normal  or  above;  the  diiturboncea  of  tbe 
nitrogen  mi'tabollsm  persist  fur  some  lime  (Maniro,  1904). 

The  effects  of /rfdiInf[iijor(i<>»  (HI  i/oij  have  lieeninvcstigntcdbyUnderhiU  and  Block, 
tgii:  Doses  of  10  mg.  (\Kt  kilogram)  produce  no  chungc  in  fai  or  nitrogen  metaboUsm; 
1$  mg.  gave  a  slight  impairment  of  fat  ulilizalion,  and  considemblo  decrease  of  body 
wdghl;  !□  mg.  markedly  decreased  the  nicmgcn  and  fnt  utilUalion.  The  nitrogen 
bttlaoce  may  become  negative.  Lactic  acid  excretion  viai  markedly  increased  ia  wtjl* 
fed  dm,  but  not  in  starvation — the  increase  being  probably  due  to  the  muaculat  acttv- 
Ety.    Tbc  ammonia  output  bore  lititc  rclHiioti  to  Ihc  lactic  acid. 

Blood-su^ar. — This  is  not  changed  (cats,  15  to  35  mg.  per  kilogram),  except  as  a 
result  of  excitement  (Schaer,  1915), 

Fate  of  Cocain. — This  is  partly  <lestroycd  in  the  orntni^m,  but  nuiinly 
excreted  unchanged  in  the  urine  (contrary  to  the  rcsiuts  of  Wiccbowski, 
1901), 

KlfalWBchdini,  iQij,  recovered  4]  to  S^  per  cent,  from  the  urine  of  rabbits  after 
acute  poisoning,  and  all  in  chronic  poisoning.  None  was  pre^icol  at  ecgonin;  but  if 
eCRonin  itself  was  injected,  '."i  jf^r  cent,  was  recovered  from  the  udne.     Cocain  left 

for  several  hours  in  a  ligatured  limb  was  not  destroyed. 

Destruction  of  Cocain  in  Vitro;  Sterilization.— Long-continued  boilini; 
decomposes  cocain  into  benzoyl-ecgoriin  and  meUiyf  alcohol.  It  was 
therefore  bdicved  thiit  solutions  could  not  be  sterilized  by  boiling.  In 
(act,  however,  the  deco  in  position  on  boiling  half  an  hour,  is  in.^Rnilkan  t 
(Merck,  1007;  Holbrcok,  191 2);  and  even  longer  boiling  only  decreases  the 
activity,  for  the  decomposition  products  are  merely  inactive  and  not  toxic 

Bvtioyl  EcgoniD.— This  was  found  by  Stockman,  tSM,  to  tcKnibIc  caffein  in  iU 
coitril  and  muscular  action.     It  had  no  rllcri  i>n  ncnrary  nerves  or  the  puplL 
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lUs  is  of  special  ini|>orUnce,  »ince  cocuin  poisoning  is  not  a  very 
common  occurrence  in  the  therapeutic  cmploymcDl  of  the  drug.  Very 
■ge  UROunts  are  Mmetime.i  itsed  in  a  most  careless  manner  (or  local 
cstltcsia,  and  since  the  absorption  is  fairly  rapid,  serious  and  c\-cn  fatal 
ulis  may  follow.    The  susceptibility  varies  enormously,  due  partly  to 

uaocrtainty  of  the  absorption;  partly  to  the  rapidity  of  destruction; 

partly  to  the  varying  intensity  of  the  effects.     In  some  ca.4es  :  drops 

&  4  per  crnt.  solution  (=  0.005  S™-)  >■)  the  conjunctival  sac  caused 

ious  collapse,  whilst  very  much  larger  doses  produced  no  effect  in  other 

The  orcliiiary  faial  <hie  is  considered  by  Kunkd  to  be  about  1.3 

(18  gr.);  but  dealh  has  been  reported  from  as  little  as  0.08  gra.  {t% 

The  iinicity  is  greatly  It-ssencd  by  the  addition  of  epinephrin. 

S]nnptoiiu  wittt  Slow  Absorption. — ^llic  sj'mptoms  vary  according  to 
Ae  npidity  of  absoiptioo.'  If  this  occurs  relatively  slowly,  there  is 
Gorfimon,  laughter,  vertigo,  motor  excitement;  quickene<l  pulse  and  jmiI- 
[itttion;  irregular  respiration;  pallor,  chill,  with  sweat  and  rise  of  internal 
Indenture;  dilated  pupils  and  exophthalmos;  nausea,  vomiting  and 
Ihmtinal  pain ;  great  anxiety;  disturbance  of  cutaneous  sensation  (worms 
Ufa  skin,  etc.),  finally  delirium,  dyspnea  and  Cheyae-Stolces  respiration, 
aovuliions,  unconsciousness;  and  death  by  collapse  and  a:^hyxia, 
ttmtry  may  be  followed  by  more  lasting  psychic  depression  and 
adiachoUa. 

Wlh  rapid  absorption  of  Urge  doses  (especially  from  mucous  mem- 
tiuts)  Mvere  symptoms  may  develop  without  wanting:  fainting,  extreme 
ptOot,  brief  convulsions,  and  death,  sometimes  in  a  few  minutes. 

Treatment — If  the  drug  has  been  taken  by  mouth,  one  shoulfl 
pMaplly  |rc5ort  to  evacuation  and  chcmic  antidotes.  If  the  symp- 
'*iis  have  developed,  the  head  should  be  lowered,  and  the  colla]ise 
tnued  by  sinapism  to  chest  and  abdomen;  and  by  calTcin,  or  aromatic 
Uu&nnia.  The  convulsions  should  l>c  allayed  with  chloroform,  cJiloral, 
Udutificial  respiraiiiin.     Amyl  Xilriie  has  been  recommended. 

CBKOVIC  COCAIN  POISOItINO 

This  benra  considerable  resemblance  to  the  morphin  habit.  It  is 
■ofottunatcly  on  the  increase,  especially  amongst  negroes,  prostitutes,  and 
^criminal  clas-^s  f^eff  under  "Morphin  Habit"). 

Xinc  Immediate  effects  insist  in  a  sense  of  elation  and  increased  mental 
Bd  physical  vigor.  The  excitement  may  rise  to  delusions  and  mania. 
tVse stimulant  vRec\»i.n sui^^ed by deprasion,  tremors,  with  pale  f^cc, 
BdMuikcn  and  unsteady  eyenlDwens,  1912). 

lie  chroaic  effects  are  uifllr  to  tliosc  of  the  morphin  habit,  with 

re  Kvere  p^jxhic  disturbance — insomnia,  hallucinations,  apathy, 
diuicholia,  suicidal  mania.  (For  Cocain  Psychoses,  see  Vallon  and 
BBcre,  1914.)  The  pupils  are  inconstant.  A  very  conaderable  tder- 
Kt  l(  acquired,  so  that  the  daily  h>'podermic  consumption  often  reaches 
jCnt.,  sometimes  even  10  Gm.  (Grode,  1912)-  Animals  do  not  become 
ttraiit  (Grode,  1913).  Cbouppe,  1889.  claims  that  morphinists  are 
blivcly  tolerant  to  cocain.  Sudden  withdrawal  leads  lo  abitinmce 
\ploms  very  similar  to  ibosc  of  mor]>hin. 


>  PsUiT  dHcriptioB  in  S«i[«1,  S'etKawuk.,  ivij,  ^  SI- 
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With  cocfttn  snuffing,  where  smatlcr  amounts  arc  used  in  intermittent 
debauches,  the  chronic  effects,  the  craving  and  the  alwiineiice  HymjUoms 
stre  proportionately  less  marked.  Such  patients  show  a  characteristic 
ulceration  of  the  nasal  foss«e  (Owens;  also  present  in  heroin  snuffing, 
PhUUps). 

The  treatmeDt  of  cocain  hatrit  coincides  exactly  with  that  of  the 
morphin  habit  (which  see) ;  it  is  said  to  be  more  difficult  to  cure. 

USE  OP  COCAIN  AS  A  LOCAL  ANESTHETIC  Of  MmOR  OPERATIOHS 

The  direct  application  of  cocain  abolishes  the  sensation  of  pain  more 
or  less  completely  in  about  five  minutes,  the  aneslhc&ia  lasting  for  about 
ball  an  hour;  the  duration  increases  with  the  concentration.    SolutioRt 
of  a  to  5  per  cent.,  or  the  trace  of  the  powder  on  the  point  of  a  prohc,  are 
applied  to  the  surface  of  mucous  membranes,  or  injected  under  the  akiiuj 
Stronger  solutions  are  dangerous  and  offer  no  advantage.    Appltcmt 
to  the  surface  of  the  skin  is  useless,  since  the  drug  is  not  absorbed  by 
channel.     Mucous  surfaces,  on  the  other  hand,  absorb  il  readily.     It  ill 
desirable  to  limit  the  local  circulation,  f,^.,  by  a  constricting  riibbcr  band.! 
The  vasoconstrictor  action  of  the  cocain  may  be  heightened  by  the  addi*'^ 
tion  of  epinephrin  (i  :ioooo  to  i  :iooooo). 

In  eye,  nose,  and  larynx  operations  the  abolition  of  reflexes  and  the 
diminution  of  hemorrhage  are  very  useful  side  actions. 

In  connection  with  its  acUon  on  the  eye,  it  must  be  ictncmbered  thot  il  doet  not 
oidinarily  anesthetize  tbe  irU  nhen  applied  to  tbe  cornea.  Kuw«vn,  tfau  in*  may  «bo. 
be  annthctizcd  b>'  Applying  one  or  two  drops  of  a  to  per  cent.  »olutrai  to  the  < 
everj'  two  or  three  minutes,  for  ten  minutes;  kecpin);  the  coujuactfva  nuitt  by  f- 
winking,  to  prevent  epithelial  sloughing  (Giflord). 

CATAHHH.  HAV  FEVER  AND  ASTHMA 

Cocftin  is  also  uMfuI  in  tlic  treatment  of  diseases  which  Appcu  la  be  due  CO  hd^uned 
trrituliiiily  of  thcpcriplicralendinn, suchashny  (ever  Hod asthma.  IttlhCMtbcoocainl> 
xdtion  of  ihi;  DiL^uJ  muijous  membrane  is  often  specific.    Tbe  utringeot  action  teulen 

i[  cffcclivi:  in  .iciite  roiyia. 

Une  per  cent,  cocain  ointment  has  been  recommended  in  ktrpn  wtlcr; It  U i^  not 
only  to  relieve  the  imin.  but  to  put  a  slop  lo  the  disease. 

Cocain  is  alM  useful  locally  in  hrmnirltiyids,  producing  contraclioa  aad  itimiiiiJw 
ing  pain.  It  has  b«en  tuken  by  the  stumAch  (o  prevent  vomitiut  and  dyapcptic 
pain. 

the  danger  e/ Ihe  fotmaiioH  of  Ihe  ItahU  interferes  with  it*  ate  in  all  these  candiUaas; 
Indeed  many  case*  of  eoe»in  habit  were  started  by  prvprict«ry  cnlanh  "cure*." 

DSE  OF  COCAIN  IN  LARGER  OPERATIONS 

This  demands  the  most  economical  utilisation  of  the  alkaloid,  to  avoid 
systemic  poisoning,  by  securing  the  majcimum  effect  from  the  smaUest 
dose. 

The  infiltration  method  (Schleich,  1892)  involves  the  injection  of 
very  dilute  solutions  ('100  lo  ?-5  percent.)  under  considerable  pressure, 
directly  inln  Uie  place  where  the  next  incision  is  to  be  made.  It  is  espe- 
cially useful  for  anestJietizing  the  skin  for  extensive  incisions.  It  is  imtner 
too  painful  for  inflamed  tissues. 


COCADT  OROUP;  LOCAL  ANKSTMETICS 


S^Kt  it  to  produce  a  local  «dema,  which  : 


the. 
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C»I*I  Ion)  ftAcntia  «nd  by  comprcuing  Uie  nerve  fiUmenU.  The  injectkinx  can  be 
i()e  villi  ut  antitoxia  syringe  with  >  loos  needle,  by  meaas  at  which  the  Mluiion  ii 
*t  inJKled  into  (oot  unOM)  the  niidennU,  to  m  to  raite  a  blister.  The  needle  Xmne 
t  KB  fhce  ud  gnduaJly  piuhed  deeper,  the  eoUre  field  of  operation  ii  saturated  wiili 

tadiilfcHi,  30  to  joo  cc.  beiiiK  tued.  The  usual  solulion  [Sol.  11)  oontaliu  >{(|  per 
t.  otoKalo  ukd  ^  pet  cent,  atscxliuni  chlorid.  In  laflamc<l  lUsue,  the  cocain  may  be 
rl  (SoL  Di  or  ti  tbe  field  b  ciicnsivc,  ii  may  Ik  [ftlucnl  to  Kgo  per  c«at.  (Sol. 
Bevan,  1915,  (peaks  Mghly  of  novoaun  itifillinlJDn.  He  emplovt  up  to  100  or 
10  c-c  ot  a  iolutioo  with  o.is  to  o>s  per  cent,  of  oovocoin,  to  which  }i  to  ■  cc  of  epi* 
■plarliL  1:1000,  bubccn  added. 

In  iat  Mmiturat  wtukei  the  folulion,  of  11  streagtb  of  yi  ii>  1  per  cent.,  is  injected 
fcthe  odcUracluod  ti  the  nerve  tnink.    The  rctulis  are  unccrldo. 

\  Intnneural  Method  (Ntrve  Blocking).— In  UiU,  a  H  to  '  P"  cent. 
KiatMD  is  injected  directly  into  the  nerve  trunk. 

Jl  Iltr  injrciioa  a  made  quickly  and  directly  into  the  n«rvc  tJMue,  the  procedure  is 
■tefaUuL  A  few  drops  should  fint  be  injected  uttdcr  the  nerve  sheath.  WhcD  these 
■niaiuul  •  local  ■aestncsla,  the  needle  ihould  Ik-  ciushed  dMpcr  and  more  of  the  mIu- 
teiifutul,  satO  the  oneslhctiia  is  complete.  In  tnis  «ny  the  pain  is  relatively  slight. 
'"Rlieu  NqsiRa  fifteen  to  twenty  minutes,  and  la  not  a)wft>t  completely  «ucceivfuL 

Tbe  combiHation  of  all  the  abovtr  melliods  is  pcrhapii  moAt  useful. 
TV  (kin  ftod  super^cial  muscles  arc  aoesihcti2cd  by  inliltration.  The 
4rj)tt  structures  are  exposed,  and  the  smaller  nerves  are  trwited  by  ihe 
{■oatunJ,  the  larger  by  the  intraneural  methods.  In  this  way,  surpris- 
■ttlyaiuU  quantities  of  cocain  suffice  (8  mg.  for  amjiutation  of  shoulder 

Uheaeo  on  Sbock.~T%e com^rie  bloclung  of  ncr*e  impulses  obtained  in  Hit*  way 
<<a4  lo  prevent  sonical  shock.  No  method  of  local  onesthoia  can,  however,  prevent 
^f;d)k  shock  aao  pah),  the  nervous  dread  of  tliepatient,  the  removal  of  which  Ssonc 
M  m  moM  vaUuble  Matures  of  general  anesthesia;  but  it  may  at  leust  be  lesicncd  by 
■Mdi(o^i5Cinuhypo<knidcal4r)half«nhaurbcforetheoprrntion.  Itmnyat  limcn 
"MIIImIs  to  oMTate  without  Uie  knowledge  of  tbe  patleut,  which  b  nolle  feasible 
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•  OMTate 
)  of  cocain  (Crile). 


Sfiaii  Aiusdiesia. — The  subdural  injection  of  cocain,  or  other  local 
tttubetics,  aneillictizcs  the  sensory  nenr  mots  at  their  emergence  frotn 
Ibtllpbal  cord.  This  almlisbes  sensation  in  their  entire  peripheral  dis- 
lAatioa  for  about  one  and  one-half  hour»  (one-half  to  two  hours),  with- 
MloH  oC  consciousness  or  motor  functions.  'I'hc  method  was  demon- 
Wed  by  Corning  of  New  York  in  1885,  and  introduced  into  practice 
^fBiei,  1899,  but  it  was  temporarily  abandoned,  and  did  not  come  into 
*Wt)e  until  about  1904.  The  injection  ia  performed  by  lumbar  puncture, 
■iiUnivring  n  little  cerebro-spiou]  fluid,  and  introducing  H  to  i  c.c.  of 
>  I«r  cent,  cocain  solution;  or  more  commonly,  corresjionrling  quantities 
'itt  substitutes:  Tropocain,5  per  cent.,  novocain  (not  ;ilx>ve  0.15  Gm.); 
*"»m  (not  above 0.1  Cm.;  beginning  with  one-half  or  iwo-third»of  these 
nes).    Epinephrin  and  strychnin  may  be  atl<led. 

Tbe  omstliesia  extends  to  the  Ic\'cl  of  the  ncr\-c  roots  reached  by  the 
obi,  tbe  aim  being  to  confine  it  to  the  lower  half  of  the  body.  If  it 
ould  extend  to  the  fourth  ventricle,  it  will  n-sult  in  paralysis  of  the  res- 
ntion.  Alarming  symptoms  and  fatalities  from  this  cause  are  not  in- 
t  {Scifert,  Nebenwirk.,  1915,  p.  105),  and  the  method  is  more 

:nous  c\-en  than  chloroform.    The  fatality  is  probably  over  i :  500 

.).    It  lias  aldo  been  fatal  to  the  fetus  in  ulfro  (Jung,  1914)-    Minor 

arc  not  uncommon.     Cord  injuries  are  sometimes  produced; 

iilache  may  last  for  ilays  or  week^.     Further,  the  tcchnic  is 


KAKVAL  OF 

(liflkuk,  disagreeable  lo  ihc  |>aticnt,  and  Uie  aiKslhcsia  h  often  m 
ful.  Spiniil  anesthesia  shoiild  ihcrvforc  not  be  vmptoycd  (Hohmdcr  i 
Kocn%  1910),  unless  inhalation  anesthesia  h  direcily  contnimliaUd 
(Anesthesia  Commission,  Journ.  Amcr.  Jicd,  Assoc,,  1908).  It  is  aft- 
cutily  ujefui  in  pulmonary  disease,  tuteriosclerntdv,  b)a<ld<;r  and  tttoi 
cases,  impending  uremia,  and  diabetics;  emergencies  after  a  full  axii. 
It  is  not  justifiable  10  use  it  for  operations  above  the  coalal  marxin  [F.  L 
Richardson,  1913).  Bcvan,  1915,  can  sec  no  justification  for  spinul  Jius- 
tbc&ia  under  any  conditions. 

flitiMmetia  11/ SpiiMl  AnrslAfiiii. — Thoc  occur  ■□  Ihc  following  onlcr:  Ijonui  it**- 
jcrk:of  jiUatarnncl  crFmnstcric  reflex; aM«ndin)[iian1t;ciiai  lattx,MfC«a^itf\oi»tiaMi 
power.  The  up|H.-r  liinil  is  UMin.1ly  <|uitr  ubnipt.  Suhjot'lu-clx,  ibere  b  nti  >M(fA( 
leeliii^  of  wanulli,  swelling  and  licavin«H.  Ocvusiunnl  loiic  t£ecti  ore  pallor,  nmk 
vomJUag,  iweatiiig,  fc«blc  puixe,  rcliaacion  of  (phmctcrv,  dytpaca.  Tbc  bimi  tta/"'^ 
^kr-»fid*  one  bm^adie  and  iiuomnl*. 

FaU  of  Blood  PrtssKrc — This  i»  n  vcrv  commoa  phoioimciian  of  *<iln«l  uialMk 
Smith  and  Porter,  1915,  found  that  it  it,  due  lo  parnlyiii  uf  the  Bplancntiic  ribcnB^ 
curd,  not  In  llii^  medulb.  Epiiii;phriii  uith  (ropuiioi-ain  or  oavocftin  amti  i*h  * 
n«ater  (oil.  Mc.-uurci  lo  restore  the  pressure  wrri-  udI^-  icmponrBy  KUCCeafuL  A) 
Uc  cflcctit  of  the  iinrf  iliclic  bcKHQ  to  wear  off,  icintic  ilimulnUon  jawixed  a  Ul  ^ 
ttead  of  llie  normul  rise. 

To  prexni  IIk  spratding  of  the  solulion  E.  Erhotdl,  190S  and  1911,  hw  pn^fctu 
locrtasc  Its  vlsddity  by  gam  oratNC  Bulk  of  solution  (dDuiloD)  hvocs  qMrfU 
(Smith  and  Porter,  ipis). 

Tht  combined  attion  of  sloeain  and  strydinin  on  the  <wrd  ]ia«  been  invtaiipuiH 
Aton  Jkiid  Rotlunui,  igoo;  and  Simon,  iqij.  The  two  druifs  arc  not  ulagMiMki  W 
■tc>-choin  dues  not  render  stoviiin  any  lafer. 

IntrtTcnwulaioctiMiofCoMhi.— The  action  of  oocainii.imliicieiiilywIpctiwwM 
&  marked,  though  incomplete  Kcnrral  muLlitesEa,  without  di^turUiiice  ii(  enwdoiMo 
or  molor  funcliani.  can  be  produced  by  intravencms  (Ritler.  1904;  Harrixni.  I9"'* 
Inlra-aricriHl  (Kaowhuff,  1904)  InJMtiou.  However,  tbcK  metboib  are  botk  uaMlr 
factory  and  danKcruus  (Bevon,  igis). 


USE  OF  COCADT  AS  A  CEREBRAL  SnUULAITT 

Cocain  ha.i  bviu  vmployed  to  combat  (uii^ue.  :in(l  »!<  u  grnetol  Ionic.    It  W ■' 
vantajtci  and  many  ditodvontuM  u  compared  mth  other  iiimutantt,  ctpcdil]' w 
and  sErychniii.    Tin-  danger  olnaUt  formation  should  suDice  lucoodnnn  it.    tUI 
harm  lia*  not  been  grvuiirr  may  be  attrlbulsd  lo  llic  uorcliubility  of  the  coca  pnpinl^ 
wbich  are  gcoer ally  employed. 

COCAIH  SPBSTiniTBS 

A  large  number  of  substances  have  been  introduced  as  subslito 
for  cocain.     Some  of  these  (Novocain,  Stovain,  Kucain)  may  have  a  l" 
advanlDge  by  combining  an  equal  anesthetic  activity  with  xoc 
lower  toxicity  and  much  ;|;realer  stability;  but  practically  llvcsc  vlv 
tagt:s  arc  nol  vcrj-  serious  an<I  scarcely  justify  the  introduction  of ' ' 
numerous  products.     Moreover,  Stovain  and  Kucain  produce  far 
irriUilion  than  cocain,  and  stovain  may  permanently  injure  the 
Orlhoform  or  Anesthcsin,  on  account  of  their  limited  solubility,  arc  ( 
slightly  toxic  and  produce  a  slow  and  prolonged  anesthesia  when  ap 
In  substance  to  superficial  or  gastric  ulcers,  etc. 

ThesuliBiitutnliuk-c  in  Keneriil  tbc^ame  lnc«ini>aUbIUlle»ascocaiA>     Tbey 
It  more  or  leu  ill  their  chemic  structure. 

Structure  of  Cocain. — Cocain  is  the  mcthyl-bctizoyl  ester  of 
a  base  cloMly  related  lo  tropin,  tlie  curres]x»iding  baae  of  atropin, 
being  pyirolidin  derivatives. 


cocuN  group;  local  anesthetics 
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■  relaiion  U  shown  by  (he  structural  forcnulai: 


XOOCH, 


3.COC.H. 


BcxmiIq 


Coeain 


RtlMloa  of  Stnictur*  to  Actioos. — Ec^onm  itwlf  jirhIuccs  uiily  xhv  Icust  iraixirtant 
o(  the  actions  of  ctitain.  vit.,  the  hcpniic  dc)crncralion.  The  other  uclioni  are  only 
iWvelopcd  hv  the  entranr*:  i>[  b(ilh  radirsU.  'I'he  melliyl  rniiy  br  teplnrcd  by  any  othff 
alkyl  radicju,  withuuC  chaiiuiiii;  tht-  uction*  of  coeain.  The  bcnxoyl  railical,  howovei, 
can  not  be  replaced  by  other  atnmatic  add*  (poMlbly  with  a.  few  exceptions]  nor  by 
(«tty  *ddt  without  grent  itiifinirmvnt  of  the  tucil  ^inrsthellc  actiun.  Indeed,  the  prc»- 
taa<A  the  henwjjl  Kroupnit'cs  lilt  anesthetic  propcrliei  to  othrr  aikaluids.  and  may  be 
canskkretl  as  Ihe  hook  by  which  the  Rioleculc  attncbrt  iUpK  to  the  proiojilaun  of  the 
MMory  evil.  It  i*  present  in  most  of  Ihe  coeain  subntilulci.  The  required  condirloni 
for  the  development  of  a  local  anesthetic  action  seem  therefore  to  be:  a  base  with  a 
ttmcture  analogous  to  ecgonin,  containing  a  benzoyl  nnd  nn  alkyl  inilicle  in  certain 
rcUtH>n>. 

Adwitac*^  >A(1  Disadvantages  of  Coeain. — The  vaJaaUe  fealurts  ej  tocain  consirt 
iaitsurODK.  pTMnpt  and  comparatively  certain  action;  il  iaihehe^lstudiedaiicl  tiiemoM 
bnOiar  piMUCt  ol  its  clasi:  the  vasoconsiritlion  leMcns  hemorrhuKe  Ibui  may  be  objec- 
tbMuble  in  tnaring  polypi);  the  dilation  of  the  ptipll  mnj' be  r  convenience  in  ophthalmic 
opentiont;  it  is  practically  free  from  local  irritation;  it  acts  through  tnliii'i  mucous 
membrano.  Some  of  these  (eatwres.  vu.,  vnsoconitrictor  and  mydriatic  aetions  may 
be  nvcn  lo  the  sululilute;.  by  the  addition  of  epinephrin  or  atmnin. 

Til*  DiMdT«Dta«os  «(  Coeain.— These  cotuiitl  in  ihu  iiislablUty  of  lis  »oIntlonii;  In 
the  nccuional  coUopse;  and  in  Ihe  habit  formation. 

TIm  Relftdva  AovantagcK  of  the  Subttitulea.— Thew  have  been  the  nibject  of  much 
diacuftuon — whleh  indicali-*  ihiil  ihey  are  not  very  strikiuy.  The  comparulivc  expcr- 
tmcnla  of  Lc  Brocij.  1009,  and  of  Dreyfuss,  1910.  favor  novocain;  but  it  i*  only  <>ne-lLird 
URlTOBf.  Stnvain,  hotocain  and  nlj'pin  caute  tornclornllnjury.  Quinln  is  weaker  than 
coeain.  but  much  more  lahiiitic.  KttenHii'c  eornpiUlions  ol  ihe  arii-<thetic  ell'iciency  and 
toxicity  of  the  coimin  mhstitutes  arc  given  by  Clo«»on.  igi4,  and  especially  by  Koeh- 
tOMtm.  1014-  The  latter  found  the  "value  factor"  anesthetic  power  +  toxicity  great- 
eM  for  a  comhination  of  novocain  and  potas.  sulphate. 


PREPARATIONS- 


COCAIN 


Cmw  Pail«.—T\a  ilried  loaves  of  Krytbtuxylum  Coca  and  E.  IrualUenM,  shrubs 
iadtKenoas  to  Peru  and  Bolivia,  and  cultivated  in  iroptcal  countries.  Ceylon  mca 
cooiains  mainly  coeain;  Java  cocn  contain*  only  other  ccogonin  derivatives  (Jong, 
191 1). 

Coiaitia,  U.S.P,,  B.P.,  CijIljiNO*. — (rolorleis  prisms  or  cryBtaliine  powder,  of 
dightly  Utter  tasle  foUnwcd  by  uncsihc*ia.  .Slightly  sol,  in  water  Uiltoo);  freely  m1. 
In  ak-  (i:b.j),  chlorof-,  0th.;  «ol.  in  oils  Ci:i3  olive  oil).  U«cd  especially  in  ointments. 
ite*,  IS  ">«■.  H  St- 

•  C«M(«.  HydrocU.,  U.S.P.;  B.P.,  C.iH,iNO,I(Cl.~ColorlcM,  Iranspaient  prUms; 
or  flaky,  luitious  leaflets,  ur  wliile,  ciyatalline  powder.  Very  sol.  in  water  (1:0.4); 
fntly  aol.  in  olc  (t:^.));  sol.  in  glyc.;  prairtically  insol.  in  oils.  iHtomfaliU*  witb 
aUamm.  aDdiunt  borate  (not  boric  aeidi,  silver  nllratc  and  r«lomel.  Solutions  dcconi> 
paa«  on  keeping  (a  >S  r>er  cent,  solution  in  Dilute  Alcohol  is  said  lu  be  permanent; 
n'inlcrstcinef,  1900).     Contrary  to  older  siatnnicnU,  they  are  not  materially  devum- 
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UANIFAL   or   PHAKMACOLOOV 


piaed  by  boiling.    Dftt,  15  mg.,  K  gr.,  U.S.P.;  6  to  t6  mg..  Mt,  lo  l^gr.iBJ".    Mul- 
aiun  <losc,  50  mg.,  Hi  gr. 

Jttjtit.  Vi'iain.  Ilyp.—i  per  c«nt.     /Jotr,  0.3  lo  0>Ci  C.C.,  j  (o  10  aditiau,  B.P. 

Lam,  Carain.,  B.I'.—i-s  mg.,  >J9  gt. 

f  nj;.  Cili'Kin.,  B.P. — 4  per  ccQt, 

TrocA.  KnuiKT.  ct  Cocain.,  B.P. — 60  mg.  of  krameria;  3  mg.  of  cocaln. 


PKEPARATIOKS — COCADJ  atmsTmjTEs 

ftfiiifuctjitKt  llydracbhridum  (Euuiin.  flydrochl.),  U.S.P.  (irinwUiyl-bwiioxjr- 
iriperidiu),  C,iH«NOj'HCI. — WhJW,  crysUiUlac  powder;  odorlcv.  Sol.  in  wmc*  i.iiy> 
and  ale.  (1:3s)-  Dosage,  locally,  one  li>  two  titan  that  o(  ciH'^iin.  The  uuMtbetk 
effect  b  pcrhjpa  *lightiy  slower  nnd  wcnlicr,  and  the  irritation  comidciBbly  greater, 
than  with  llie  iiamecouccnt ration  of  cucuin.  The  pupils  arf  noi  dilated;  llic  li«>uM  art 
nndcred  hypcrcmic.  The  toiidl)^  is  four-tenth*  that  o(  cocoin.  Toiii:  do*es  cause 
Convulslonn,  ccnlrnl  vagus  ^liniulalion,  and  direct  cardinc  depreuioD,  irith  fall  of  blood 
pressure  (Seifert,  N'ebi'Dwitk.,  igis,  |>.  64;  case  ami  bibliojjnpliy.  Or,  igi6). 

BtHiamin.  La<i.,  B.l',  (liela-cucnin  Lactale).  CiiX,]NO,CiHrf)».— Freely  *oI. 
In  water  (1:5)  nnd  air.  (i:H).     Dose,  «  tojo  mg.,  ^i  to  ^  gr.,  B.P. 

Orlku/orm — ,Vtrw,  N.N.K.  (aminixiiybeii/.oate  of  mtlhyl}. — White  taileteas  powdtr, 
Karocly  ^luble  in  water  (the  bydrochlorid  h  loluble).  Not  absorbed  from  skin  ot 
■nucowc.  It  is  &aii!  to  have  repeatedly  cauwil  local  inflBmoialoiy  tcactiod  (Stifett, 
Nebcnwirk.,  1015,  p.  70;  McCleave,  1^14)-  Do>e,o.s  lo  I  Gm.,  810  ij  xr.;  locally  u 
ducting  powder  or  innmenl. 

AnrilhciiH,  N'.N.K.  ( ethyl-ami nobcn7.oate)  in  very  »imilaT  (ude  actions,  Scifett, 
Nebenwiik..  lyij,  p.  44). 

'yovaeain,  N.N.R.  (aminobenzoyl -diethyl- amino- ctbonol  hydttidilorid). — Color- 
less needles,  soL  in  equal  weight  of  wntcr,  or  jo  parts  alcohol.  The  niUaU  ts  compatible 
with  silver  salti.  Dosoie,  locally,  uue  to  three  timet  that  ot  cocafn.  AnoUietlc  and 
trrilant  action  perhaps  slightly  less.     No  effect  on  [lupiL 

Novocain  ix  probably  safer  than  cocain.  Occasionally,  however,  toidc  effect*  occur 
even  with  smnll  d«?cs  {o.O[  l»  0.1  j  Cm.);  while  in  other  cases  up  to  3  Gm.  have  b««* 
used  sufcly.  Thi^re  b  aa  di^iinile  riitio  between  the  toxicity  of  novocaio  and  cocalti, 
since  this  depends  cnnrmciiihly  on  Ihc  rnic  \Tilh  which  Ihey  enlrr  the  circulatiioa;  especi- 
ally in  llie  tasc  ot  nuvucuin.  This  is  due  to  llie  Kri^at  rapidity  ultli  which  novocain 
leaves  the  cirtualion,  being  filed  and  probably  destroyed  in  the  liver.  Ejnaepbrin 
diminishes  the  tonicity,  even  by  intravenous  injection,  probably  by  cardiac  stimuutiofi 
(Hatcher  and  K^gkiioo,  1916]. 

The  details  of  the  clinical  toxic  effects  are  described  by  Sedfctt,  Nebenwirk.,  1915, 
p.  7S;  lumbar,  p.  107.  Kenat  irritation  is  not  uncommon  after  local  uic  of  5  to  to  per 
cent;  but  dis-tiinctirs  in  n  few  days  (Motian,  1915). 

Slotain.  N.N.R.  (benKuyt-ethytiltmethyl-animnpropiinol  hydrochlorid). — Ci^rlets 
scales,  extremely  soluble  in  water,  or  in  5  ]>arts  akahol.  DoMie,  locallv,  as  for 
cncain.  Anc«thelic  action  slightly  stronger,  irriiani  action  (hyperemia)  mucn  grcAtet, 
toxicity  Iwo-lhirds  that  ufcocain.     No  effect  on  pupil. 

It  has  been  used  epcciallj'  for  spinu.1  unesthcuia,  in  combinntion  with  itrychiua 
(T.  Jonncscu,  1904).  The  immediate  danger  may  be  somewhat  less  than  with  cocain, 
altbough  it  it  not  negligible.  The  local  injury  is  much  Ereaicr.  Spiller  and  LcopoUa 
1910, and  Connolt,  iQij.have  oi»er\'«l  degcni-iationi  in  Uic  nerve  roots  and  celb, alter 
■ubdtiral  injection  of  stovain.  The  immediate  puralyiii»  is  more  eitensive  than  wHh 
COCala,  involvinif  muscular  movements  t'S.-inieuon.  1906)  and  spioil  rcAexca  (Adl«r, 
1006).  On  the  circulation,  it  causes  indngt,  qiiickencd  pulMand  fall  of  blood  premm 
(KainenMivc,  1911).  The  kidneys  are  also  rather  irritated,  especially  if  Blbuminilria 
«U  previously  present  (Schwartx,  1907;  t'hiaie,  1913).  The  liver  is  not  aflecicd 
(sidie  actions,  Seifert.  Nebenwirk.,  1914,  p.  91;  lumbar,  p.  ion).  A  comparative  study 
of  the  local  anathetic  actioni  of  stovaui  and  its  homotuguea  has  been  nude  by  Synics 
and  Vrley,  191 1. 

Alypin,  N.N.R.,  which  resembles  stovain  in  structure,  is  used  especially  in  the 
urethra.  It  is  more  irritant  than  cocniri.  Several  cawa  of  sudden  coIUpse  and 
asphyxis,  after  Its  injection,  have  been  reported  (Ritter,  19111  Lidilensleia.  t9<4: 
lumbar,  Seifert,  Nebenwirk.,  19:5,  J).  104). 

Tropataccin  Jlydrothlotid,  N.\.R.,  (bctuoyl^pscudo-tropeln);  occur;  in  Javanese 
coca,  but  the  commercial  a  synlhelic.  Colorleis  needles,  readdy  soluble  ia  ailef. 
Dotaft,  locally,  one  or  two  timci  that  of  cocain.  .Anctthetic  action  about  tlie  same; 
irritation  greater;  toxicity  onc-balf  that  ol  cocain;  less  mydriatic;  more  stable  (ude 
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icliaitt,  ScUm,  N«bca«lrk.,  rQtj,  |>.  97;  Inmlxir,  p.  iii).    It  Is  owd  csptcblly  (oc 
ifbwl  «ranboil»  (Sunky.  1016}. 

HatoMM,  N.N.R.,  (pfacnclidyl-ocetphcneliilin  hydrocbUitid].— CoIotlcM  crysUlf, 

■duUe  h  so  pans  water.    DoLtrt.  for  eye,  t  ner  eenl.    A&mUiocIc  actkni  about  aa 

Kraait  u  oooui,  but  owra  rapid  (iiae;>iheiia  in  aaii  a  minute);  more  toxic,  but  stated 

Mt  tA  Bjure  or  onctrthictizc  coraea.    No  efiect  oo  vcucU  has  been  reported  (Gjcaslab 

W'S)- 

ToUmUo,  CiiU,.NiOrHO.— An  alkaloid  isolated  by  Spiegel,  1896,  from  tbe 
bttk  d  Yohiinbebc  tree  lApocynaceB;  WeM  Africa).  Fournciu  aad  Page,  1914, OOB- 
iku  it  hkotical  with  qucbrticlitn.  Local  anolhciic,  about  siime  atrcnf^lb  but  mora 
hMbtf  &a»  cocain.  Los  toxic,  but  much  moii;  irritant.  Mydriasis,  wilbout  lou  of 
KoaniKlatloo.  Vccadt  dilated.  Inccattncacacucd  or  in  tdu,  and  bladder  aUmii- 
iMcdbyuaall,  depreawdbybrge,doaM(A.  Loewy  and  Rowuberg,  1914).  Solutions 
mmxMt. 

WImu  U  b  gtvec  by  ibc  mouth  or  hypodcmicAlly  in  modd-ate  (towa.  It  producea  * 
namlMraJt/dTiiMtlaihcKkSiijmucous  membrane4,Bnd  particularly  in  the  nsMotarfaiu.  i 
liaanqueBce  ol  the  tatter,  ajid  perhaps  by  a  direct  aeiiou  of  the  spina]  centers,  it  pro- 
4fu  mitton.    It  dots  not  seem  tottimufaic  the  production  n(  apcrmatosoa  or  sexual  ' 
Ur.  The  effect  Is  not  produced  by  tberapcutk  dosw  in  man  (c  lag.  or  ^g  gt.),  \ 
WMBb  H  baa  been  pnimoted  a*  an  aphrodinac.    Ilie  reporta  m  cllnkal  improve- 
•MMMrKveral  wteluarc  probably  cxplabiablc  bysuggadoD.    Vohlmbin  baa  alto 
jMHoposed  ton  lumrinp-  abnormally  hiKh  blood  pressure;  but  Lawrence,  1911,  founil 
Mit  Biy  produce  a  further  rii«,  with  doogcrou*  KyDiptams. 

Itepi  doMS  produce  psychic  excitrmoot,  cerebral  conKCttloo,  vertigo,  gastric  dli- 
Mur;  and  in  rabbits,  marked  injury  ot  the  renal  epilhctium  (tluebner,  tgxi). 
Toie  iitn  produce  general  ilinwlation  sad  subsoqucni  paralysis  of  tbe  nefvous  cea- 
■si.  putiraUrly  Cn  IM  nedulla;  and  oonplex  efiectaon  tbe  cardiac  musde  (F.  Mueller, 
yi-J-Tail.  1910).  The  coronary  v«*Ml«arenotalTccted  (Rabe,  1913):  orthcy  are 
wt4  (F.  >leycT,  iota).  Detili  occurs  by  rctpiratory  paralysis  (for  literature,  sec 
JlnM.,906). 


MUGS  ACTIHG  PERIPHERALLY  ON  THE  AUTONOMIC-SYM- 
PATHETIC  SYSTEM 

A  variety  of  poUons  act  peripherally  upon  the  several  portions  of  the 
'BnluDtary  or  "vegetative'  nervous  xystcnii  in  s  more  or  less  specific 
■Butr.  It  appears  advisable  to  premise  their  indi\'idu3l  considcratioD 
Vlinoregeneralexposition.K)  as  to  obtain  an  intelligent  grasp  upon  their 
jimi*  tclations,  and  an  in&ight  into  what  is  known  of  their  action, 
■oth  tight  has  been  thrown  upon  these  in  recent  years,  and  our  conccp- 
iKat  have  been  largely  revolutionized. 

iailanle  and  nraMo^  Retatlooa.— The  "autonon^"  s;-stem  (ia  the  wider  sense 
■  •felth  the  term  was  introduced  by  Langley}  baa  certain  phy^iotoKic  and  anatomic 
IWIiiitiLa.  njaJaTofKii/Jy,  it  indiidea  all  the  fnnclioni  which  arc  subject  toinvolun- 
^  ivrvoui  contro^Uie  smooth  and  cardiac  mnsdca  and  thr  glands.  Thctr  relation 
hike  ceoual  nervous  system  b  peculiar,  in  that  they  are  capable  of  functionatbg  auto- 
MesOy,  and  by  local  nraro-muiicular  reflexes,  when  all  conneciiotu  with  the  ccrcbco- 
Wsl  Ilk  arc  severed  (licnco  "Autooomic";.  On  theotber  hand,  their  functions  are 
knsly  regulated,  augoKnIed  or  inhibilul,  by  central  tonic  impulses  of  varying 
■ttaliy, 

TW  chM  am^hmk  peculurit  v  ot  lime  autaoomic  nerves  K  ihs  t  they  all  pass  through 
snby  gan^ionic  cell,  siiuateil  outside  of  tbe  central  nervous  axis.  These  crili  are 
|mly  scsttncd  but  nMstly  colkciod  into  ih«  "sympathetic  ganglia."  A  given  nerve 
Htrkss  but  a  single  relay  C(4I,  sitbougfail  may  pass  ihrotigb  a  number  ot  ganglia. 

THE  PARASYU PATHETIC  AND  SYMPATHETIC  SYSTEMS 

I     nysUo^kally,  and  aspodally  pharmaoologlcally,  as  also  in  its  cmbiyolo([ic  dcvelop- 

BHU,  tbe  autoaumlc  avstem  as  a  wbote  ba*  two  (airly  sharply  deiiued  divisions,  which 

fc«wpund.  anatomically,  on  the  one  hand,  to  tbe  nerves  having  ibcii  origin  in  the  roots 

4  lk>  BidbniB,  medulla  oblongata,  and  tacral  cord  <thc  crimitf-tiicriU  or  paraiymf** 
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llirlic  syalfm,  uIbu  often  calkd  the  autonomic  syilcm  in  llic  latriclFilKUeJiJindOBllie 
other  luiul,  ihcMc  arising  iiam  the  dortal  And  down  to  the  fourth  or  fifth  tumbar  nerve 
roots  (tlic  symfalhrlk  sysltm).  TIil-  rcUy  cells  of  tlie  ^ytnpathetic  iytum  uv  tituaud 
in  the  i^ynipalhctic  ganglion -chain  {including  the  cervical  and  iploncboic  ipuiglia): 
Uiosc  cif  ihr  ir^mu'Suirul  sy^l(;m  art'  «:uttFri'<!  mocc  pcrfphcnilly,  near  ibtir  end  unt^n** 

Diatribution  and  Punctiain. — The  two  divisiuni  ore  antagontxtic,  a  given  ornn 
u&ually  iccciv'iiiK  it&  inneivntion  front  both  divuions,  one  being  augmeiitor,  the  otnei 
inhibitor)-. 

Tlie  panuympiitlhctic  division,  for  instance,  supptid  the  vo^ui  (cardia-inhibitory, 
Intcstlaal  and  bronchial  augmeniot),  oculomotor  (pupil to-c«niitiictor),  chorda  tyinpaiu, 
tic. 

The  lympalkftic  division  supplier  the  va>oconstrictor>,  pupillo-dilator,  intestinal 
InhlbitOIV,  cardiac  accelerator,  etc. 

The  mnervMtiou  of  the  sweat  glanils  occupies  a  peculiar  position;  analoinically,  it 
ii  purely  sympathetic,  but  It  reucts  pharmacoloKicallv  as  it  it  were  purely  poratym- 

Klhetlc.     The  uleriu  Is  also  exct-pliLinnl;  its  sympniheiic  innervation  rcsfiondlag  to 
th  cinsaes  of  podsons.     It  must  Ik  remembered,  however,  that  the  sastODUC  evidence 
of  the  oiigin  of  the  autonomic  nerves  is  in  some  respects  inconclusive. 

Phannacologic  Reactions :  Ntcotin. — Pharnmcoloftically,  the  most 
prominent  characteristic  of  the  whole  atUonomic  sjiiiem  is  its  reaction 
to  nicoUn:  this  alkaloid  paralyzes  all  the  gangiionic  synapses  of  both  the 
parasympitthelic  ami  the  symjiathelic  nerves  (often  after  a  fic«ting  pri- 
mary stimulation).  This  paralysis  is  so  specific,  that  it  has  proved  of  great 
value  for  locating  the  site  of  ihese  synapses,  especially  in  the  hand*  at 
Langlcy.  Nicolin,  whether  it  is  applied  locally  or  syslcmicaQy,  abolishes 
the  response  to  stimulation  of  the  preganglionic  fibers,  whereas  the  post- 
ganglionic fibers  respond  normally. 

Deprhiilhn  of  calcium  increases  the  excitability  to  the  augmentoi 
impulses  of  both  divisions  (sec  "  Calcium  Ions") ;  most  of  the  otlicr  drugs 
which  affect  the  autonomic  system  restrict  their  action  exclusively  to  one 
or  the  other  of  the  two  divisions:  Epinrphr'tn,  ergotoxin  and  cocain  act 
exclusively  on  the  sympathetic  divisions;  alropin,  pUociirpin,  muscarin, 
choUn,  atui  physosligmin  act  exclusively  on  the  parasympathetic  divisioii. 
Still  others  act  only  on  certain  parts  ot  one  or  of  both  divisions. 

Anisolonic  Solutiona. — Hypertonic  solutions  (ftinger's)  inhibit  ihc  tone  of  imoaUt 
muscle,  increase  the  tcsponte  to  inhibitory  drugs,  and  Inocn  the  response  to  Uloill* 
lanl*.     Hyi«Jt<inic  soTutloos  have  ihe  oj>[)0»itc  eHeiit  (fJalt,  1913). 

PHARMACOLOGY  OF  THE  SYMPATHETIC  DIVISIOH 

£^iW^/)r/«,  the  alkaloidoflliesuprarcnal  gland,  producesapure  periph- 
eral stimulation,  restricted  exclusively  to  the  sympathetic  system,  but 
involving  tlie  entire  distribution  of  this  system  (with  the  exception  of 
the  sweat  glands).  In  other  words,  the  effects  of  i>'pical  doses  of  epinc- 
phrin  on  a  given  organ  correspond  precisely  to  Ihe  stimulation  of  iL* 
sympathetic  nerve  supply  (Levandowsky,  1809;  Langley,  1901;  Elliott, 
1905)-  This  has  been  aptly  described  by  the  term  " sympailwmimftic 
action"  (Bargcr  and  Dale,  1910).  The  action  of  epincphrin  is  ihero- 
lore  augmentorj'  or  inhibitory,  according  to  whether  the  sympalbetk 
impulses  are  augmcntory  or  inhibitory,  as  follows: 

Tbe  Principal  Sympathetic  Reactions  {e.g.,  the  Effects  of  En- 
ncphrin). — The  aunmenlory  reactions  consist  in  constriction  of  roost  of  the 
arteries  and  consequent  rise  of  blood  pressure;  stimulation  of  the  cardiac 
accelerator;  dilation  of  the  pupil;  contraction  of  the  plain  muscle  of  the 
orbit;  Dow  of  sympathetic  saliva  and  of  tears,  not  readily  abolished  by 
Btropin;  erection  of  hair,  etc. 
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Juhibiiory  Rfodions  concern  the  tone  and  rhythm  of  the  contractions 
xhe  stomach,  intestine,  biliary  and  urinary  bladder  (cat),  and  uf  the 
vis-:S>i^  uterus  of  the  cat. 

PMoUiriliM  o(  SfMCiM. — Certain  of  tbe  lymjutlietic  reactiom  wy  with  the  ipedc« 
of  j«.niisa1s,  being  unpnenumy  in  mom,  ud  inhibitory  in  others  (urlnur  1>ladder,  anal 
spta  inctn).  TlwsyiDpallieiie  reactton  of  tlw  uterus  varks  according  to  itsph>;uole«ica] 
>lail'^;ia  thecal,  the  virgin  uterus binhibdlied,  whilit  tlie  pregnant  uterus  is itimulatcd. 
.^Ul  ihew  peculiarities  are  rtprochicod  exactly  In  the  m4:iioa  to  cplDcphrio,  thus 
fnrs^iihing  the  mart  striltins  tUustratianji  of  its  sympathonumctic  action. 

^DdMT  DiugB  with  Syn^atfaotnimetic  Actiocu — Similar  actions  arc  pouawrd  by  s 
(WKie  aumbn  of  primary  utd  secomlnry  umin-.,  the  simpJM  being  the  prinuir)-  fatty 
amTlfc  amjlainin. etc).  There arr  quantiutnc  dlSereoccs  beturei)  Ibeic.  The  rela- 
("^  effect  on  the  different  sympethclic  dislributiuns  doc«  not  go  parallel ;  nor  it  there  any 
P*y3»  llriiwn  between  HUicmmtory  or  inhibitory  innervations.  The  iDtenaity  anil  »peci* 
id.X.y  Increase  ai  (he  amiu  approach  ihc  structure  of  epinephrin  CBarger  and  Dale, 

■  CocftEn  increA<te.s  the  peripheral  excitability  of  ihe  sympAthetic  &>-stcm 

iiit-tiout  being  directly  slimiilant. 

ferqihenl  ?^rpw»4****''^  PanlyBls :  Ergotiadn. — ^Tbe  active  alkaloid  of 
dKot  (in  large  doees)  destroys  the  response  of  the  atigmentory  sympathetic 
impulses,  but  docs  not  affect  the  inhibitory  sympathetic  impuUes  (Dale, 
1906).  It  therefore  prevents, /.t.,  the  vasoconstrictor  action  ot  epine[A- 
nn,  but  docs  not  aix>iisb  the  inhibitory  action  of  epinephrin  on  the  intes- 
tine or  uterus. 

PHARMACOLOGY  OP  THE  PARASYMPATHETIC  CItAmO<SACRAL  AND 
RESTRICTED  AUTONOMIC  DIVISION 

The  action  of  drugs  on  this  system  is  contined  mainly  to  its  augmen- 
ts)* functions  (with  the  important  exception  of  the  vagu»).  These,  in 
their  entire  peripheral  distribution,  arc  paralyzed  by  atropin;  and  stimu- 
Uted  bj-  pilocarpin,  mu-tcarin,  cholin  and  anaphylotoxin.  Physostiffmin 
heightens  their  irritability,  perhaps  without  being  directly  stimulant. 
(These  statements  mu.<it  be  restricted  to  typical  doses.) 

Atropin  is  therefore  antagonistic  to  all  the  other  drug^s  named.  If  a 
ncro-cranial  function  is  exposed  simultaneotusly  to  the  depressant  action 
of  atropin  and  to  the  stimulant  action  of  one  of  the  other  drugs  namn!, 
the  end  result  depends  on  the  nature  and  quantity  of  the  drug,  and  upon 
other  conditions.  Phj-sostigmin,  for  instance,  »  a  more  powerful  antago- 
nist of  atropin  than  is  pilocarpin;  however,  larger  doses  of  the  stimulants 
lend  to  become  depressant,  so  that  the  strain  action  tends  to  appear 
predominant. 

The  centers  of  the  parasympathetic  system  arc  stimulated  by  picro- 
toxin. 

Principal  Results  of  Parasympathetic  Stimulatioa  (Pilocarpin,  etc.).— 
These  consist  in:  .dowing  of  the  heaxl;  coii-ttriction  of  the  pupil;  bronchial 
spasm;  conuaction  of  intestine  and  uterus;  increase  of  practitully  al) 
centrally  inner\'ated  e^crelioas  (sweat,  saliva,  mucus,  ft^tric,  pancreatic, 
etc;  not  urine,  bile,  milk,  nor  thcintcnuil  secretions).  'ITieseare  the  main 
effeciH  of  pilocaqiin,  musiarin  and  physostigmin. 

Craniosacral  depression  (atropin)  produces  precisely  the  opposite 
restilts. 

DRUGS  WITH  PARTIAL  AUTONOMIC  REACTIOHS 

The  preceding  presentation  is  somewhat  schematic,  and  includes  only 
the  typii;al  effects,  as  they  are  currently  conceived.     When  tbe  doses  and 


Its  exatabiltty  to  Ktimulation  ol  tbe  postganglioaic  ocul 
action  b  theicfore  po^itgangUonic.     It  is  again  possible  tha( 
rtimutute  an  iid<litiona],  more  centralty  localrd  structure. 
His/i   betweeti   anatomic   endings,   myo-tieurat  junction,   and 
te,  the  nerve  U  allowed  to  degenerate,  a>i  just  described. 

.,  Koialu  clleclii-c  after  ili«  anatomic  tncIinKii  an  dcgcnetRied,  and 
kcttic  uimulation  of  (he  nerve  U  inelTecIii-e.  However,  it  a  ttill 
B  Miter  the  diviiion  of  the  ner>-e,  piIiK.-ur[)in  lUo  bccoran  tneSettive. 
nrrall/  aMamcd  ihnt  Lhc  myo-ncurtU  junction  alto  dcEcncratc*,  but 

the  ftnatonuL-  eiulinxs.  However,  it  ii  aho  conceivable  that  pUo- 
e  anatomic  uprvc-ciutiiiB,  nod  that  the  degenerating  ending*  reniuD 
UfHa  loaccr  than  [hey  do  to  elecuic  ttlmulalion.  Tbii  proof  of  myo- 
bmfore  cot  condtuivc. 

Tom  dtnencration  nuvakomiilcadif  the  drug,  instead  of  nimuUtins, 
Uty  of  toe  reading  cell.  In  this  case,  the  drujc  would  produce  no  v!«!- 
[enrrn  tion  of  the  endings,  for  thi»  would  exclude  extraneous  stimulation, 

cxcilabilily  would  therefore  not  be  apparent.  This  tncreated  excila* 
'Oevral  Junction  ts  auppoBod  to  be  the  action  of  physiMllgmln  on  the 
inism. 

1  by  Antagonistic  Action. — Tlic  anatomical  localization,  al- 
■in  theory,  is  nficii  technically  ditTicult,  and  it  ii  Iwset  with 
0  which  have  just  been  pointed  out.  It  bus  therefore  been 
upplcmcnt  and  extend  it  by  pharmacologic  evidence,  liased 
c  actions.  Tlie  mailer  was  at  first  conceived  as  very 
r  as  strictly  analogous  to  anatomic  localization;  a  drug 
conMideretl  as  equivalent  to  atiaioniic  division  or  excision; 
imulation  as  the  equivalent  of  electric  stimulation,  TTie 
dnigs  having  been  localised  (with  more  or  \esa  prohabilitv) 
leans,  it  was  thought  that  the  actions  ol  others  could  ne 
amply  "matching"  them  against  these  standards.  In 
)n  by  nnl.igontsro,  a  stimuUnt  poi»on  was  paireid  with  a 
son  of  known  action, /.i.,  atiopin.  If  stimulation  resulted 
Itlgmin)  it  wras  concluded  that  the  action  must  bi>  peripheral 
atropin;  if  there  was  no  stimulation  (as  with  pilocarpin), 
I  that  it  must  be  central  to  that  of  atropin. 
dy,  there  has  been  a  good  deal  of  cumulative  evidence 
ted  by  Magnus,  iqoS)  lliat  matters  are  not  so  simple,  and 
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Other  conditions  are  varied,  many  of  these  dnigR  depart  more  or  les-i  from 
the  schema,  as  will  be  discussed  later.  'ITiis  indicates  that  the  physio- 
logical divisions,  which  are  the  basis  of  the  pharmacologic  divisions,  arc  not 
as  absolute  as  the  schema  would  imply.  In  accordance  with  this,  ihere  arc 
a  number  of  drugs  (for  instance,  apocodcin  and  pituitar}*  extract;  the 
Jatler,  however,  is  prob.ibly  a  mixture),  which  do  not  fit  anywhere  in  the 
schema,  but  whose  actions  involve  isolated  functions  of  one  or  botli 
divisions. 

LOCATIOK  OP  ACTIOn 

The  precise  site  of  actioa  of  the  autonomic  drugs  is  not  y«Ci 
satisfactorily  decided.  It  is  currently  assumed  that  they  act  on  the 
"myoneural  junction,"  or  upon  a  '"receptive  substance"  (Langtcy,  1905), 
which  is  believed  to  be  inlcrpolaled  between  the  aralomiml  nerve-cnd- 
ings  and  the  reax:tive  substance  of  the  cell  (the  contractile  elements  of  the 
muscle,  or  the  secretory  elements  of  the  gland  cells).  It  would  perhaps 
be  equally  or  more  exact  to  say  that  they  act  upon  that  property  o£  the 
cells  which  excites  or  initiates  their  peculiar  functions. 

The  essential  evidence  for  this  view  is  the  fact  that  these  poisons  pre- 
serve their  action  after  severance  and  anatomic  degeneration  of  the  post- 
gangUonic  nerv'c  fibers,  showing  that  their  action  is  peripheral  to  ihe  ner- 
vous structure.  On  the  other  hand,  the  specificity  of  the  reactions,  and 
their  correspondence  with  the  physinlogic  innervation,  indicate*  that  the 
action  is  not  directly  on  the  contractile  or  secretory  substance.  If  epi- 
nephrin,  for  instance,  acted  directly  upon  the  contractile  elements  of  smooth 
muscle,  it  would  be  diJ^cuU  to  understand  why  it  should  throw  them  into 
contraction  in  some  »tuations,  relax  them  in  others,  or  in  others  amn, 
leave  them  entirely  unaffected.  Anatomically,  these  muscles  arc  all  uike; 
their  jihj'^iologic  properties  are  also  identical,  they  respond  aUke  to  mus- 
cular poisons,  such  as  barium;  the  otUy  difference  between  them  lies  in 
their  innervation.  This  difference  of  innervation  is  reproduced  exactly  by 
cpincphrin;  and  since  the  degeneration -experiments  show  that  the  poison 
does  not  act  upon  the  nervous  elcmcnis  themselves,  it  follows  that  *.>oth 
the  nervous  impulse  and  epinepbrin  must  act  upon  the  same  substance  or 
property  of  the  muscle. 

It  is  idle  lt>  speculate  ujinn  ihc  nnlurc  of  this  reccptivr  subtttncv,  ot  rtccpllvc  prop- 
erty, until  wtc  kriuw  somcwhiil  muro  of  the  teal  nature  of  tlic  nervous inpube.  of  riiiDtt- 
laUon,  nnd  of  cicitabilhy.  The  term  "myo-ncunl  junction"  liiu  the  ulvuitAge  tbat 
it  does  not  cooiKiit  one  iti  any  unprovcn  liypolhcsij 

Anatomic  Localization  of  Depressant  Effects. — The  anatomic  methods 
of  localization  arc  quite  simple,  since  the  problem  concerns  a  purely  effer- 
ent path.  Tlie  nerve  would  be  stimulated  in  various  sites  in  its  course; 
the  paralysis  would  be  located  just  central  to  the  highest  point  which 
gave  a  positive  response. 

For  instance,  utter  nicotin,  stimulation  of  the  preganglionic  6bcrs  of 
Ihe  vagus  (say  in  tJie  neck),  does  not  slow  the  heart;  stimulation  of  the 
postganglionic  fibers  (in  the  stnus)  causes  slowing.  Kicotin  has  therefore 
paralyzed  the  ganglia. 

After  atrupin,  stimulation  of  the  sinus  is  also  ineffective;  the  paralysis 
must  therefore  be  peripheral;  the  heart-muscle  is  evidently  not  paralyzed, 
since  it  is  beating  vigorously.  The  paralysis  must  therefore  be  just  cen- 
tral to  the  muscle,  i.e.,  in  the  endings  or  myo-neural  junction.    It  must  be 
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rtmcnit>ere(1,  however,  llial  this  docs  not  excluiie  the  possibility  of  un 
additional  more  centrally  located  puralysis;  for  instance,  so  far  as  thifl 
evidence  goes,  iitmpiii  might  have  para-lyzed  the  vagus  ganglia  In  adiHtion 
to  the  "myo-ncund"  junction.  Further,  the  precaution  must  be  taken 
to  employ  a  sufiideiit  dose  of  the  poison,  for  a  slight  paralysis  may  often 
be  overcome  by  a  powerful  stimulation. 

Anatomic  Localization  of  Stimulant  Effects. — ^This  would  alto  be  very 
simple,  involving  the  division  of  the  nerve  (or  its  equivalent,  the  applica- 
tion of  the  drug  to  excised  organs  or  structures).  For  instance,  pilocar- 
pin  and  muscarin  contract  the  pupil  of  the  excised  eye,  and  phj-sostig- 
inin  increases  its  excitability  to  stimulation  of  the  postganglionic  oculo- 
motor. Their  action  is  therefore  pi ist ganglionic.  Tt  is  ngain  possible  that 
the  drug  may  stimulate  an  additional,  more  centrally  located  structure. 

To  dislittguhh  hrhveen  antiltunti:  ending!:,  myc-neural  junrtion,  anil 
musde  suttstance,  the  nerve  is  allowed  to  degenerate,  as  just  described. 

PBocarpin, /.{..  icmalns  effective  alter  the  anatomic  endin^pi  are  degenervted,  nnd 
when  rbcrcfore  electric  t^limulntian  ot  the  nen-e  i.i  melTectlve.  However,  if  n  Klill 
looser  lime  clap^ei  alter  the  division  of  the  ncr«-c,  pllociiriiin  also  become*  Ineffective. 
It  a  therefore  gcotrally  ussumed  that  the  myo-neural  junction  also  dri-fnprnlei.  but 
Bwre  tloiel)'  than  the  niiRtamic  endinaii.  Ilan-evcr,  it  U  aUi>  CDiii-ci\'.'kl>1c  thnl  pi]o- 
eaqiin  aeti  on  the  uniitomic  ncrve-ecidin);s,  and  thai  iLe  degtnetatlni;  endings  remain 
excitable  to  pilocarpin  longer  than  they  do  to  electric  stimulation.  This  proof  of  niyo> 
Dcursl  action  it  therefore  ni>t  conclusive. 

Tlie  evidence  from  deKeneratiun  mHy  uUo  mislead  if  the  drug,  instead  of  sCimulatlnit, 
raises  the  excitabiUt)'  of  tie  reacting  cell.  In  this  case,  the  drug  would  produce  no  viii- 
blc  effect  •flcrdeRcncMt  inn  of  the  endings,  for  this  would  cxiliidccxItAneoiis^ttntLiliitinn, 
and  the  increased  excitability  would  tlicrcfure  nut  be  apgiurciit.  This  iiicreu^ed  excita- 
bility of  tbe  myo<ncural  junction  i&  suppo^^ed  to  be  the  action  of  physosiigmin  on  the 
ocuMcnolor  mccluBi&ni. 

Localization  by  Antagonistic  Actton.~The  anatomical  localization,  al- 
though simple  in  theory,  h  often  tecimically  difliculi,  and  it  is  beset  with 
the  hmilalions  which  have  just  been  pointed  out.  It  has  therefore  been 
attempted  to  supplement  and  extend  it  by  pharmacologic  evidence,  ba.sed 
on  antagonistic  actions.  The  matter  wa.t  at  first  conceived  as  very 
simple,  namely  as  strictly  analogous  to  anatomic  localization;  a  drug 
paridysis  being  considered  as  equivalent  to  anatomic  division  or  excision; 
and  a  drug  stimidation  as  the  equivalent  of  electric  stimulation.  The 
action  of  a  few  drugs  having  been  localized  (witli  more  or  less  probabilily) 
by  anatomic  mcun»,  it  wiw  thought  that  the  actions  of  others  could  be 
localized  by  ^mply  "matching"  them  against  these  standards.  In 
iocalizing  action  by  antagonism,  a  stimulant  poison  was  paired  with  a 
depressant  poison  of  known  action,/.!.,  atropm.  If  stimulation  resulted 
(a»  with  physosligmin)  it  was  concluded  that  the  action  must  be  peripheral 
to  that  of  the  atropin;  if  there  was  no  stimulation  (as  with  pilocarpin), 
it  was  assumed  that  it  must  be  central  to  that  of  atropin. 

Unfortunately,  there  has  been  a  good  deal  of  cumulative  evidence 
(well  summarized  by  Magnus,  1908)  that  matters  arc  not  so  simple,  and 
that  liKalizalion  by  antagonism  has  limit.-xtions  so  serious  that  it  can  be 
ntilizcd  only  in  relatively  few  cases.  The  difficulty  is  that  the  phar- 
macologic stimulation  and  paralysk  are  not  strictly  equivalent  to  the  ana- 
tomic. In  pharmacologic  antagonism,  the  tissue  is  still  in  the  body  and 
exposed  to  both  poisons;  and  the  re.sultant  effect  israrely,  ifevcr,  ihesimpie 
algebraic  sum  of  their  separate  actions.  One  drug  may  modify  the  effects 
of  another  qualitatively,  as  well  as  quantitatively.     Moreover,  a  drug 
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paralysis  is,  not  an  irrfrver^iUlc  process,  as  is  anatomic  divisioD  on 
rh«  numerous  instances  of  mutual  antagooism  prove  that  a  fimctia  _ 
which  lias  been  completely  a1x)li»hed  (paralyzed)  by  one  dnif  may  be 
revived  by  another.  For  instance  atropin  can  abotisb  the  phj-sostigmin 
miosis.;  hul  ph)'so!>lifcmin  can  also  remove  an  atropin  mydriasis — tbcKsd' 
depending  upon  the  relative  dosage. 

l,ocalizalwn  by  aitlagoitisnt  is  therefore  conclusive  only  il  the  anugon- 
ism  is  not  mutual  and  if  it  involves  absolutely  distinct  structuns;  'a' 
instance,  atropin  abolishes  the  action  of  ccvadin  (veratrin)  on  the  caitlitc 
vaggs;  whilst  cevadin  does  not  interfere  with  the  atropin  action.  fM~ 
denlly,  the  ccvadin  action  must  be  central  to  that  of  atropin. 

Mutual  Antagonism. — When  two  drugs  are  mutually  antagonistic.  I 
is  natural  to  n^?ume  that  they  act  on  the  same  structure,    Tbisbdooh 
less  often  the  case;  but  there  are  instances  tn  which  lhi$  simple  assun^uin 
offers  difficulties;  for  in  some  cases,  the  point  of  attack  of  a  druganMU)^ 
to  be  different  in  the  presence  of  an  antagonist.    This  b  practically  i^ 
iwrlant:  for  It  is  probable  that  disease  may  produce  similar  modificalia 
The  following  instances  arc  adduced  by  Magnus,  1908: 

PhysoatiKmia  ■nd  CuTtf«  on  Striped  Voltmtarr  Hiucl«.— PhyiostiginiB  1 
fibtllUiy  twiirlunct  of  the  vnluniirj'  mutclcK.  ThcK  pcnJil  aCtcf  lection o< In 
nen-D  (Kblii:).  Tlicy  are  therefore  peil[>hcral  (Hurnnck  anil  Wiik(iwi4i,  tifti).  TVr 
arc  lupptwscd  by  curafc,  which  panlyEn  ihc  endings;  on  the  other  hand,  phyv^H* 
min  rcmoviv  the  cumrc  pBrnlySs  (1^  and  Rnthbcrxcr),  Misnut  founJa  IMI  <)« 
[ihysotiiicmin  ribrillatioru  mn  not  be  produced  vhce  the  motor  nerve  ba»  btes  oil  u' 
allowed  10  degcncrnu  completely  (but  whiUt  tbe  equmIc  Gben  still  retpood  10  tt^ 
tiimtilutlon).  Thii  would  fccm  to  locallK  the  phy»o*tiiti&l&  action  itricilv in  tfaitM- 
inics;  and  tlic  cafii;  n-ntild  be  a  typicftl  lastance  «f  mtilvaJ  ailU(eniu>i,  bolk  poiw 
acting  on  the  ncr\-c-«nding«. 

Trila  ['(inclusion  apjieaicd  Id  be  oppoicd  by  the  anlaftmiim  of  itkaliit  tftd enrwt^ 
striped  mu*cle.    Liiosicy,  1906,  showed  that  certain  miuKlu  of  toe  foci  are  tltra«nlr*~ 
tonic  conUJtclion  by  niootln,  htiiI  that  this  U  removed  by  curirc.     TtiU  peculhr  1 ' 
action,  however,  pertiilt  after  deKeneialioii  of  the  nerve;  hence  nkotio,  and  Hi 
alio  curare,  niu*t  act  upon  tbe  intmmuieulBr  '"receptive  mbiuivcc."    But  Bi 
porolyict  an  intrantusrular  siniciurc,  iis  action  could  not  be  rctnoved  by  phy 
which  stimulates  an  ettramuvcular  structure. 

The  two  phenomena  are  reconcilable  by  the  assumption  that  tbe  curSR  atttdn  U* 
receptive  »ubtl*nce  In  the  i>rc»cncc  of  nicoila,  aod  that  it  attaclu  the  nen«-<Ddi*0* 
the  presi^nce  ot  pliyMittijtmin;  in  other  word*,  that  the  mint  o(  attack  o(  curve  it  dc''^, 
mined  by  it)>  antagoniit;  in  other  words,  that  ««  are  (lealins  with  two  dbti>Kt  aDdf* 
rdated  paralyltc  BcllonK  of  cutarr,  manifmied  under  different  coBditiM«,oM  mJ 
cxtramuscular,  the  other  on  the  iniiamuscular  strticture.  The  nkatln-tomj 
a|ipean  to  be  a  dittinctivc  reaction,  which  has  probably  nothing  to  do  vith  1 
moscular  contraction;  to  th.tt  Ike  curare  block,  /.  J.,  triih  ordinary  Ktatk  utiranh 
probably  the  same  in  all  ^LiiimaU  (i.e.,  in  the  ncrt-e-cndiags), 

Langley,  191J  and  1914,  investigated  the  nicotin  effects  on  frogi*  miHcle.    Hcl 
llie  nlcotlo-tonut  action  quite  dUtlnct  from  the  nlcolin-twltchinin.    Tbe  twiu 
/.t,  are  (weveniod  by  a  deiinite  concentration  ol  curaro,  whatever  tbe  cooe«ntf«tijy 
the  nicotin;  uhcresu,  to  prevent  the  nicoiin-tnnus,  thc'cnncenirBtioot  of  tbe  t*a^ 
muf>l  bi-  ki'[)i  proportional. 

Paculiaiities  of  Fowls'  Muscle.— The  tonus  action  is  particubrly  1 
(owls'  muiclc,  which  also  'hnn^  other  related  peculiarities  (Edmund*  aiid  Ra 
In  IheM'  animals,  not  only  ihe  nicotin.  but  abo  the  j>h>nM»d]cniin  aetloM  pt 
de^neration  of  the  nn'\*e:  the  physoitigmin  action  is  not  removed  by  alrofin,  ^ 
it  IE  so  removed  in  innmmal^.     RaHunt  jiroducetonty  an  tncrcaMof  nUKulaitiOMl 
normal  fowl's  les;  but  In  a  denervatcd  teg,  or  after  aicollo,  boriura  causes  a  M 
con  tract  ion. 

Atropin-Pilocarpin-Physostieinin  on  the  PupU.— When  the  pupil  I 
been  dilated  by  atropin,  stimulation  of  the  short  ciliary,  i.e.,  of  the  1 
ganiflionic  fibers  of  the  oculomotor  nerve,  is  ineffective,  whilst  dm 
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electric  stimulation  of  the  iris  sphincter  contracts  the  pupil.  Alropin 
therefore  ptralyzes  either  the  nerve-endings  or  the  myoneural  junction, 
Pilocarpis  and  physostigmin  both  constrict  tlie  normal  pupil.  When  the 
endings  of  the  short  ciliary  are  made  to  degenerate,  pilocarpin  is  still 
effective  (Anderson),  but  physostigmin  is  now  ineffective.  The  pilocarpin 
therefore  acts  on  the  receptive  subsWnce  or  muscle;  the  physostigmin 
would  be  supposed  to  act  on  the  extraceUular  nerve-endings. 

From  ihi.*,  one  might  suppose  rlial  pilocarpin  should  be  a  more  power- 
ful antagonist  of  atropin  than  h  physostigmin.  In  fact,  however,  the 
opposite  i-s  the  case,  so  that  Ihe  poinl  of  attack  of  alroi)in  seem*  to  be 
shifted  more  centrally  by  the  physostigmin,  as  if  it  were  determined  by  its 
antagonist. 

However,  in  this  case  also  another  vxptanatlon  is  possible,  perhaps 
more  probable.  The  weak  point  in  the  argument  is  the  localization  of  the 
physostigmin  action.  There  is  some  evidence  that  phj-sostigrmn  acts 
W  increasing  the  excitability  of  the  oculomotor  mechanism,  and  not 
1^  direct  siimulalion;  for  it  lon-ers  the  threshold  for  stimulation  when 
it  dpes  not  stimulate  directly.  If  this  be  true,  the  failure  of  physostigmin 
after  nerve  degeneration  would  not  argue  against  lis  action  being  on  the 
ti-ccptivc  substance;  for  degeneration  of  the  nerve  endings  might  interfere 
with  the  phwosiigmin  action  simply  by  eliminating  the  possibility  of 
extraneous  stimulation.  (If  this  view  is  correct,  physostigmin  should  be 
rendered  active  through  the  presence  of  pilocarpin  even  after  nerve  degen- 
eration; but  the  experiment  has  not  been  tried.) 

Conflict  of  Sympttthetlc  and  ParasTinpathetic  Actions. — Laogley  and  DlcUnaon, 
iS^o,  showed  thai  the  cllecli  o£  mViWin  on  Ih*  pupil  and  niclilatins  m*ml>r«iie  are  the 
fnbvjllxnl  ol  simuhiinrom  hliiiiiilntion  of  the  sympathetic  Jinii  ctMnial  inncfvation.  In 
(M-Csi,  the  sjTQpathetit:  usuuU)-  p(eduIIlillIlte^  (dilution  of  pupil  and  relniclion  of  mem- 
br^LXic).  niocarpin,  on  the  other  hund,  cau.ie-i  coiultirtinn  (oculomotor  ullmulnlion), 
"b  i<h  b  klfo  uoaflccled  by  complete  di-nrcvatlun  (Andcrnun).  However,  it  miVi  iitio 
on  Khe  synpUhelic,  for  the  nictitating  membriiae  retracts.  Kuth  drugi  therefore  net 
m    ftjoth  xviUaM. 

"Both  druits  »ct  aflet  dcicenc ration  of  the  nerves,  in  the  body;  but  with  the  citci»ed 

iii^  .  osly  the  augmentot  (oeulumolor)  response  pirnisti.     To  explain  thin  eaciridiclioo. 

Dm  >«  and  Ludlaw.  1911,  ui^ume  that  the  sympalhelic  stimulation  in  ilencrvnted  anj- 

mn-ls  b  btouKht  about  by  increased  MH.'reiion  of  cpinephrin,  10  which  the  denervaiej 

,  lTxsap«thetic  endings  are  especially  susceptible. 

The  Other  examples  adduced  by  Magnus  appear  more  conclusive: 
I^loccipin  and  Atropin  on  Intestine. — Magnus  has  worked  out  an 
aik&tomic  method  for  localizing  the  action  of  poisons  on  the  intestinal 
tnovcmeots,  as  will  be  explained  presently.     He  could  thus  show  that  the 
ordinary  ainipin  action  is  located  in  .\ucrbach's  plexus,  whilst  the  pilo- 
carpin stimulation  is  peripheral  to  this  plexus.     Nevertheless,  the  two 
drugs  arc  mutual  antagonists.     Moreover,  the  pilocarpin  stimulation  is 
prwtnlcd  by  doses  o(  al  ropin  but  one-hundredth  as  large  as  the  minimum 
dost  which  has  any  effect  on  the  unpoisoncd  gut. 

Apparently  therefore  the  [joint  of  attack  of  atropin  is  shifted  by  the 
pttstacc  of  pilocarpin.  There  is  another  pn^MbiUly,  however;  for  It  is 
conorivable  that  atropin  might  inhibit  the  pilocarpin  action,  not  by  dcprcs- 
Mt?  fl«  cells,  but  by  preventing  their  combination  with  pilocarpin  in 
some  »ay.  This  seems  to  be  nearer  the  truth,  for  Bayliss  and  Starling, 
ifloi.  ihowcd  that  atropin,  whilst  il  completely  inhibits  the  pilocarpin 
*tiffli:!aiion,  does  not  prevent  the  response  to  stimulation  of  the  ext^iniiic 
LjDOtor  OT  inhibitor)-  nerves  of  the  intestine,  or  to  the  pinching  reflex. 
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TbTMhold  o(  Srmp«tfae(ic  Stimuktioo.— It  is  abo  ponUbl^  hawrvef ,  UiM  de 
CDcei  ate  onlj'  qiuniiiativc;  (or  llirrc  fxisl  ocnsldcrable  dUlcnrnco  in  Uie 
o(  the  diflcrcDt  iuncliuiial  libcn  ol  svmpalh^Iic  ncn-ci  (Giubcr,  1915), 

Atropin  and  P9oeuiua  00  the  Vasomotor  MecluutlBm.— ThU  ru'inithn  *  mriy 
uulogous  cumple:  Brodie  and  Uuud  (uuiid  tluit  aiioiun  icmovn  ibe  pitoca^i 
vawcoMtrictian,  without  impairing  the  response  lo  electric  or  oibcr  ulauliUon  cl  lit 
vMoconstrictor  ncrvet^ 

Madder  and  Ulervs.—Simitni  condilions  ui«  foupd  in  the  Vrinarj  BlaUa  (itt 
raponK  o{  which  to  Autonomic  poinons  has  been  studied  by  I^nglcy,  191  >)  tndiill* 
«J«riu  of  IM^  rabbit.  In  tlic  titttrr.  pilocar|>i&  procluira  vioieul  conlracUoos,  •Ucbut 
urcstec  by  atrupin.  wliilit  liypugislric  itimulation  cootinuea  cfiectire. 
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This  presents  some  very  interesting  problems  of  antagonism,  cspKtiQ)' 
in  the  «it  (Cushny,  1910), 

Spontaneous  Movements. — ^Thc  surviving  uterus  placed  in  tafp- 
natcd  Ringer's  fluid  continu«s  to  perform  rhythmic  movements  for  hooB 
(Kelirer,  i^S).  Those  vary  with  the  physiologic  condition  0*  tit 
organ,  being  most  lively  in  early  pregnancy.  In  advanced  prcgnuqr  tl>T 
are  slower  and  separated  by  longer  pau-ses;  but  they  are  extensive^  l^Q 
can  be  influenced  through  the  uterine  nerves  and  by  the  drugs  wWcfc  »^ 
upon  these  (Cushny,  iijoO). 

The  nerve  ntpplj  of  the  uterui  in  derived  from  the  >viiip«thetic,  chicHy  ihrauf^A* 
hyp«K38iric:  aiKi  ftum  tlic  puiH^ympathctic  throtigh  tAc  pelvic  ncr^'c.  0(  llttiib  A* 
hypogastric  ii  by  far  the  moii;  important.  The  rapoiuc  lo  hypocastric  stimuitliM 
dilten  according  to  the  ADimaJ  and  prcsnancy.  Rnbbit*  rspoiid  by  cootrKliOM:  <■ 
&1m  do  prejinanl  or  ivccnily  prcgnxnt  cats;  in  non^prcjcnuit  cato,  the  inmrnrimiilitf* 
iuhiliils  contraction  and  lestcna  (he  rouKular  tooe.  There  are  OCCaMOdal  eSDOtpd** 
to  this;  tint  in  any  cose,  it  may  be  asiumed  that  tbe  augmcntor  or  inhibitors  rujMW* 
is  due  Ii>  the  ditTereiit  (unctional  «)aditi<io  of  the  muscle.  In  XuLoea  pigl,  U>  '" 
effects  of  pcdsons  rcumtile  their  inlestinat  actions  (Sugimoto,  1913). 


^ 
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Actioa  of  Autonomic  Poisons  on  &e  Utents. — Pilocarpin,  Nk^in, 
Epinepfirin. — These  always  produce  the  same  effect  on  the  cat's  uler^ 
as  hj-pogastric  stimulation:  augmentation  in  the  pregnant;  inhibition  * 
the  non-prt-gnanl.  Tlicy  would  therefore  seem  to  act  on  the  same  newo" 
muscular  path.    Their  reaction  to  atropin,  however,  is  different: 

Atrepin  by  itaetf  stiroulatei  the  movemrnli  in  unall  ilasc*i  whikt  bi^  do*^ 
cauM  »rK»t.  lis  mnln  interest  llc«  In  the  <in/.>j;.»>u*u.-  Atropin  abolishes  the  pilocarplB 
effect,  whether  this  be  augmeotury  or  inhibitor)-;  but  it  doe*  not  alter  (be  tCKtiaa  ^ 
idcotin,  to  epinephrin,  or  la  electric  ttimulation  of  tbe  hypogMlric  ncr«-e.  Thii*! 
inh&rnioiiy  with  the  specific  ptedilcciioo  of  olroplnagAiottpilocaniia,  of  whkhiens*^ 
iiut«nc«H  nave  Just  been  given.  _i« 

Ertoloxin.  00  the  other  hand,  nboliKhc*  the  auttmcntory  eSecti,  both  of  pil°CS|^'^ 
■ad  ol  ^inephrin;  it  therefore  appears  lo  dillcrcotiatc  between  the  effcctK,  rather  " 
betwMrt  tbe  druio. 

Still  another  pbcnomcnnn  it.  presented  by  the  pbyMMtismin  and  atropin  anUcaoiiM* 
fkjmtlitmln  hns  n  purely  aiigrocntor  action,  whatever  the  atate  nf  the  oiwde;  tUt 
aboUahea  by  atropin.  but  the  untaiionijin)  i»  (inc-iJdod  (contrary  to  tbe  ejipeHMOt 
othn  organ*);  further  (juaatitica  of  phyutttigrnin  remain  ineffective. 

The  Uterus  is  the  only  instance  in  which  nhysostigmin,  pilocarpin. 
ftlropin  act  on  the  same  nervous  (s^'mpathetic)  path  as  epinephrin,  aad 
thus  a  tran^tion  to  the  sweat  glantU  in  which  the  sympathetic  innervati 


poisons,  and  apparently  oot  to  the  S)'' 


responds  to  the  croniosiicral 
pathomimclic  epinephrin. 

Reaction  of  DiScrent  Uteri  to  Epinephrin. — Tbe  responie  to  thit  drag,  and 
piilhclii:  slimiiialion,  varies  in  different  animals  nnd  functional  states,  as  abowa '» 
(oltowing  table  (adapted  from  Uunn  and  Gunn,  ttn). 


Diat.^ 
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Uterus  R«poDcl» 
hy  contisclion  By  teUuation 

Rafcbtt Pregnant  or  non-{ircKnnnt 

Cat Pif)tniLOt Non-pieenant 

Guinea  pjg  and  lat..     , Pregnant  or  non-prpgnnnt 

Monkey Non-prF;;n!int. .,...,.... 

DoK Non-prciciiiiiit 

Human Non-pregnant  (also  tubes). 

Otli«f  Dni^s  Acting  Pefipherally  on  th»  XHtrvs^—InfundikuJar  rxlmcl  pioitucM 
maxinu!  contraction  (rtnntl-HodhKnrt  nnci  Frothltch,  loocj),  in  nil  nnimai!,  jiregnant 
or  n<in-prrt;n;tnt;  al9o  In  hiimnn  iilcrus,  but  Dot  in  the  lubes  (although  tbcn:  nic  con- 
tru:tciJ  \iy  cpini^plirin  (Gunn,  1914). 

Qninin  increases  the  contractions  (Kurdinowski-Kchrcf,  1906).  Cinchonin, 
dacKonidia  and  quinidin  contract  even  more  powerfully  Than  (|iilnin  (Il.ilr,  191J). 

MprfktM  ia  small  doses  is  stimulant,  in  larger  JiBts  dtprcssaul  (Kehrcr). 

Scafohmn  has  no  effccL 

SUlMnIt  or  bfla-lmulntolylrlhylamin  (a  constituent  ot  ergot,  also  forrnrd  by  the 

action  c-t  iKkCteria  on  histidin)  ii  powerfully  sClmulant  (Itarjii^r  and  Dulc,  1910).    Olbtf 

'  ntaUd  amtHs,  pepl.tir,  and  jnjphyloloxin  act  iltmhrly,     (lydraUin.  hydrailinln   and 

ulamia  arc  sllmuliint  (ECclircr,  1907).     The  actions  of  a  number  of  other  drugs  ore 

doaofbed  by  Pikher,  iQiS. 

PmHjitd  Organ  Extracts. — Fawcett,  et  a].,  IQ15,  examined  a(]ucout  eitractn,  after 
KBiOval  of  the  nuclei>proteins  and  congulnotc  proteins.  Pituitary,  pineal,  thyroid, 
parathyroid,  thymus,  adrenal  glands,  pantTcas  and  spleen  were  found  to  raotain  tub- 
»LaDce<  that  itiinulate  cat's  ttlrrus.  The  stimulation  wns  inhibited  by  cpincphrin. 
The  cflecis  on  inttitlnid  musck  differed;  when  stimulated,  it  was  also  inhibited  by 
epiocphrin. 

Difler«ae«  between  Uterus  in  Situ  and  Eiciiwd. — With  non-pregnant  cat»,  the 
ulcrut  in  iitii  is  inhibilc<l  by  nirolin,  cytisin,  liydritsllnin,  fndnlel liylnmin  anil  pilo- 
nrptn.  EMiBtid  uteri,  on  the  other  hand,  are  generally  stimulated  by  ihe^e  drugt. 
It  leeRM  from  Um  that  there  is  both  symp™iheiic  (inhibitory)  and  paroAvnipnlhctic 
(augmcnlorj-)  itimulation.  Tlic  sympathetic  effect  predominalcs  durintt  tile,  but  dots 
not  survive  eiciii on.  ))ale  and  l.oidlaw,  191;,  believe  that  the  lympathetic  stimulation 
is  not  direct,  but  through  incrcni-rd  cplnephrin  Krceliun. 

Practical  Importance  of  the  Uterine  Atrtiona. — The  stinnilalton  of 
uterine  contractions  is  uscftil  for  arresting  postpartum  hiMnorrhagc.  Ergot 
patdcularlyiscniployccl  for  thispurpo^e,  hydraslisandcolarnin  have  also 
been  u»e(),  but  they  seem  to  be  less  elective.  Pituitary  extract  is  used  to 
initiate  or  strengthen  uterine  contraction. 

Nicotin  (tobacco  infusion),  pilocarpin  and  quinin  are  sometimes  used 
by  the  laity  as  abortifacients;  elective  doses,  however,  arc  dangerous. 

Rtjkx  tiKTtoic  ef  tkf  Mimtnuttii. — This  i»  secured  by  irritutitin  of  Ihc  intestine 
(Kchf«r,  1910),  cipcdal1y,b\'dr^lic  caIha^ti^snndi^rit.^nl  volatile  oils.  Thetc'hnuid 
tbercfoTC  be  ak-«ided  in  prCKnaucy.  Thcy  alKi  have  a  repululiuQ  us  aborlifadeiits,  but 
arc  hixhly  danii^uus- 

Central  Action  on  the  Utenis.— These  ue  relaiivdy  unimporlanL  Tbe  notor 
ceaier  la  the  lumbar  curd  Is  stimulated  by  ooemla  and  aspnyxia. 

OALL-BUUIDBS 

Lkb  and  McWhottcr,  1915,  found  that  ihii  'n  ttu|;inenlcd  by  vagus  and  inhibited 
by  sympathetic  stimulation.     Kpinephrin  therefore  rcliiJC!-,  whilst  physoaliKniiu  and 

EDocar|>in  stimulate,  and  this  stimulation  is  removed  by  atropin.  It  h  also  itimutnted 
y  ^trnphantfain  and  barium;  relaxed  by  bile  salts  and  nitrites.  Okada,  1915,  states 
that  the  noimal  rhythmic  movuments  are  greatly  increased  during  digestion,  and  by 
tbc  introdiKtion  of  add  into  the  duodenum. 


URETER 


TIm;  movrtncnts  and  tone  o(  the  riciMd  utpteraie  stimulated  by  the  parasympathetic 
ttimulants  and  paralysed  by  airopin;  they  arc  oIko  stimulated  by  cpincphrin.     Ergo- 
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toxin  Tcvenn  the  tpincphrin  slitnulation,  but  has  no  effect  on  \i>e  paru^nquthetic 
stimulunts,  Nkutin  produces  an  initial  stimulallua  and  nib««qucnl  paralyu^  pEpaV' 
crin  tdoxri  the  totir,  without  ichibiting  the  periitaUii  (Macht,  191O). 

THE  KATCRS  OF  ANTAGOHISK 

Until  there  Is  a  deatcr  iinctcnlanding  nf  the  chemical  and  physical  changM  whldi 
condition  iJic  actions  of  ih«  antagonblic  paboiu,  we  can  conceivv  the  nature  o\  their 
sntagoniam  only  in  icrms  of  etude  onalogict: 

I.  We  ipay  »upp<»c  that  the  stimulant  and  doprtMantdrucseach  act  upon  diSmot 
chemic  constituent*.  In  this  cuae.  the  combined  effect  would  be  a  simple  summatioa 
of  their  separate  actions.  Thix  might  be  the  explanation  of  the  action  ol  atiofMn  and 
physostljEmln  on  the  oculomotor  junction. 

>.  Both  poiions  mi>'  act  upon  the  Mme  constituent.  In  tJu*  case  the  end  result 
mmld  depend  upon  t)ie  relative  aflinicy  of  the  two  pouons  for  this  conatituent.  TU( 
off«r»  several  posiibiliiiri, 

{a)  The  two  ilrugs  may  have  unprotinutcty  the  same  affinity — in  lJu»  case  the  end 
effect  woulil  depend  purely  upon  Ine  relative  quantity. 

(A)  Oni^  druK  may  have  a  inuch  srcatcr  atiiniiy  than  the  othn;  this  miitbt  apply, 
for  inilance.  in  the  case  of  alropin  and  {ulocaipin  on  the  pupil,  where  B  sjnall  quantity 
oj  atropin  pullicn  to  almlUh  the  effect*  of  a  lnr(|c  quantity  of  pilourpln;  whiUt  a  bufc 
quantity  of  pilocarpLn  a  needed  to  overcome  u\-cn  a  trace  of  atropin.  The  caas  naay  be 
»omevrhnt  analogoui  to  the  combination  of  oxygen  and  carbon  mooozid  with  bODO- 
globin. 

(1^)  Tlie  cHiciency  cS  iho  one  may  be  so  much  (creatn  than  that  o(  the  otiwr.  thai  tha 
nnta^oniim  it  practically  irreversible,  .^tiopin,  /.i.,  completely  pievcnia  toe  acties 
of  priysmtigmin  on  the  ulcnit. 

3.  One  poison  mijiht  inlluence  the  penetration  of  another,  and  [n  tbi>  way  alUf  ita 
diitribution,  and  thus  ofiain  rniirelv  dunfio  iti  point  of  attack.  Thia  has  been  shown  by 
F.hrlich  for  ccrlnin  dyc«ii  and  similar  conditionn  have  been  shown  to  ptevall  for  imu- 
carin  and  atropin,  by  Straub;  and  fur  murphiii  und  thlutolorm  by  Fuchner. 

With  these  possibilitivs  in  min<l  ami  remembering  that  ihey  are  IwMii 
mcrelv  nn  ctnide  aiialnfties,  it  \?>  clear,  aL  lea:it,  tliat  antagnntsm  is  a  highly 
complex  subject.  Wc  must  be  content,  for  the  present,  with  the  empiric 
facts:  Thai  the  point  of  attack  of  the  poisons  is  not  absolutely  specific: 
thiit  it  mity  shift  according  to  conditions,  (los«,  time  of  action,  etc.;  that 
the  effect  of  the  same  drug  on  different  structures,  and  e\-cn  on  the  sane 
structure,  may  be  augmentory  or  inhibitory,  or  both;  that  a  poison  may 
present  mutual  antagonism  to  two  poisons  which  acton  different  structtircs; 
that  ihe  antaK"'ii^tic  dose  may  be  much  smaller  than  the  minimal  effec- 
tive dose  under  ordinary  conditions;  that  the  removal  of  »  drug  (pjlo- 
carpin)  stimulation  bv  a  depressant  (atropin)  need  not  be  accompanied 
by  paralyMit  to  electric  stimulation,  whilst  in  other  cases  they  go  hand  in 
hand.  'ITic  scliematic  presentation  which  has  been  given  may  serve  a* 
the  thread  of  Ariadne  through  this  labyrinth:  but  after  all,  it  isstUlmorc 
important  to  );rasp  the  individual  facts  which  have  a  practical  applicatioik 

Quantitative  AntsKonism  of  Atropin  and  Pllocarpin  Salivanr  S«cra(iaD. — Thii  hit 
been  invHliKnlcfl  by  Citiihnv,  191 5,  on  docs  with  taliv^iy  5stufa*.  It  was  foaad  ttal 
the  Botagonisli.  ciu'c  mix  the  wime  for  ilitlcrrnl  dogs.  The  ratio  also  remained  tit 
wmc  (about  1  purt  ol  altupin  to  9.5  of  piloi:ar|nn)  whether  the  two  drum  wert  InKCUd 
simultaneously  or  some  time  anart:  and  that  it  rcntoinnl  unalteml  whatever  total  d<K 
■KAA  injected.  This  ajtrees  with  the  laws  of  m«M  srlion,  rather  than  with  t hew  of 
chemical  combination. 

Relation  of  Action  to  Inttacetlular  Penetration,  Stocage,  and  DednactioiL — A^ 
cording  to   \V.   !>tiHiib.    1007,  the  ellect  oF  mut<t  nlkiituids  i^  proportional  to  th^r 
concent raticiQ  within  the  cell.     With  mustariii.  however,  lie  fovnd  the  TclatioB  q«l*^ 
different;  llcie  the  cRcct  nppean^  lo  depend  upon  the  concentration  vtUtidr  the  cell; 
lalhet,  on  there  being  a  higher  cont'enlration  outside  than  inside  the  cell. 

The  experiments  were  made  by  placing  the  frog's  heart  into  a  muscarin  lolutk 
The  quantity  of  poison  nenulningin  solution,  and  the  quantity  wluch  could  be  catr*cC 
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oiH  (aa  heart  were  then  Icstcrl  uii  ij)l>'3ia-h«rt&.  Ht^ncti  laid  in  a  mutcarin  fiuliition 
thow  a  primary  diaslolic  slandsiill.  loUowed  bj'  sponlancous  recovery  in  a  few  hours. 
The  mnximnl  dj.istolic  ot^tion  ocriir;  ivhcn  very  little  iTiuicarin  bas  pUMd  InlU  Uw 
iDUsctc;  whilst  at  the  time  of  "rcoovpry,"  atl  the  mustarin  lia»  ptmra  into  the  hurt. 
If  now  th«  rtcovcKd  heart  a  placed  into  a  (rcth  niuiicnrin  solution,  it  i*  BgHJii  srmtn), 
«(lh  spoiit*ncou«  recovery.  This  may  be  tioiw  n-iM-alcdly;  but  the  acliuu  becomes 
•borter  and  shorter,  and  linally  nJL  Tlwt  is,  the  heart  become*  compictely  refractoty 
to  even  the  higheit  concentmliona  of  mu>>c>irln.  If  the  musciirin  cunccnirntion  it 
iacrejiW  very  «luwly,  the  hcHrt  does  not  rcspunj.  The  i>rescn(«  u[  atropin  appe^n 
to  dday  the  penetration  sooieirhnl.  Any  c^iplnnfttion  of  thcic  phenouicnii  would  have 
to  be  too  hypotlicticitL  (O.  Locwi,  tgt  i,  considers  the  re^umfitiun  of  the  beat  tinder 
BUUCalin  as  aoaloeoiu  to  escape  from  i-aicua  stimulittion.  and  attributes  both  to  increased 
eachability  of  the  citrdiaic  mtisde.) 

iMddentally,  this  furnishes  an  IntetcslinK  example  of  antaKonism.  The  effects 
ot  muKarinare  »actly  the  same  inanimais  which  have  no  vagus  mechanism;  but  atropin 
i*  only  BQIosonistic  in  animals  in  which  a  VBgus  mechanism  h  developed. 

Vilth  Epincphrin  the  acijon  is  also  proporUonol  lo  the  concentration  outside  the 
eeUa,  A  atill  m'itv  siriitinu  example  is  detcribed  by  Trendelenburg,  191*,  ioi  bronthiat 
muttlt.  This  constricts  iiiong!/  in  solutions  01  muscnrin,  iiilocnrpin  or  arecolin. 
W&shinf;  the  pi>i-.>iii-rl  puliiiiutt  with  pure  Ringer's.  Suid  does  not  remove  the  constric- 
tion; on  Uic  contrary,  Ihi.-i  often  causes  a  forthcr  contraction.  The  same  phenomenon 
irat  o)>m:tvc<I  by  Kuycr  and  Wijenbeck,  ioi  j.  on  excited  intestine  ami  uterus.  Trans> 
ftning  tlie  polsoiwil  tissues  into  pure  saline  again  bruuj-hl  on  the  typical  auKmenlory 
01  iohihitoT)-  eSecl  of  the  poison:  whibt  transfer  from  the  old  to  a  fresh  solution  of  the 
txraon  produced  no  result.  ThU  la  taken  to  indicnle  th.tt  the  effect  occurs  only  during 
tilt  tonaf«  of  the  poison  lhro(i);h  tlic  cell  membrane,  into  or  out  of  the  cell. 

Cell  PenneabibQ'. — .\sher  and  Gannus,  191 1.  found  that  the  gland  cells  of  the  nicti- 
titlnit  nKRibrane  o(  frogs  take  up  much  more  of  vixA  stains  when  ibey  arc  stimulated 
by  pitocarpin  than  wlien  depressed  by  atropin. 


OPTICAL  ISOMERS 

&[»st  tf  not  all  t])c  autonomic  pobons  art:  optically  acUve  (or  racemic) ; 

,  and  the  cbcmic  reactions  which  determine  their  specificity  depend  largely 

I  on   their  stereochemlc  conl'igtiraiion.    The  slereoisomers  have  an  identical 

lomposition  and  radicals;  but  owing  to  the  presence  of  one  or  more  asym- 

inelric  carlxin  atoms,  tlie.se  groups  are  arranged  differently  in  itpace 

(Van't  Uoff  and  Lc  Bel,  1874).    This  is  indicat(3  by  the  optical  activity, 

lO  that  these  isomers  are  levorotary,  dcxtrorotary,  or  by  the  combination 

«(   the  two,  racemic    Our  knowledge  of  tht-sc  plienomena  dates  from  the 

das$ic  discovery  of  Pasteur,  that  racemic  tartaric  acid  is  separated  into 

its  optical  constituents  by  mould  fungi.     Since  then,  very  numerou» 

instances  have  been  worked  out  on  higher  animals;  such  a»  atropin  and 

hyoKA'amin;  atroscin  and  scopolamin;  the  epinephrins,  muscarins,  nico- 

tint,  tociins,  cinchona  alkaloids,  camphors,  etc.  (Fraenkel,  Ar^ncimitteU 

^stliese).     Cells  and  ferments  distinguish,  sharply  between  these  stcrco- 

iwwrs,  so  that  they  invariably  differ,  at  least  quantitatively,  in  their 

phnotcologic  effects,  the  racemic  being  intermediate  between  the  active 

"TOi.    ThU  indicates  that  the  reactive  substance  of  the  cells  must  also  be 

optically  active;  and  it  is  suggestive  that  the  ejects  of  the  1-aclivc  hyoj- 

<:^vtaa  and  l-enincphrin  are  anIagonUtic  to  those  of  the  d-pilocarpin  and 

"pilcaia  (Ctisliny,  1908).     In   higher  animals,  the  Ualltaloids  tistinlly 

lave  more  powerful  peripheral  effects.     It  is  probable  that  the  txlls  can 

ti:ha  attack  or  desuuy  the  one  isomer  more  readily  than  the  other 

(K«luoii,  1910).    The  asymmetric  nitrogen  atom  also  modifies  the  phar- 

"•wlopc  actions,  as  shown  by  HUdebramJt,  1905,  for  coniins;  and  Laid- 

1*».  1913,  for  canadins.    The  tnarare  action  of  the  ammonium  bases 

(Btovnand  Fra-ier,  1860)  ;ilso  dejicnds  upon  the  peculiar  orientation  of  the 

pentavalent  atom  of  nitrogen  or  similar  elements. 
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AtrronoMic  phenomena  of  the  iNTEsrnra 

The  innervation  of  the  tiiltstini-s  differs  from  Uie  gfiieral  schvme  of 
autonomic  innervation  so  thai  Langtcy,  1913,  proposes  to  differentiate 
ihcm  as  the  "enteric  system."  A  second  sel  of  nerve  cells  (Aurrkich's 
and  Meissner's  plexus)  is  interpolated  between  the  ordinary  (cxlrinaic) 
autonomic  innervation  and  the  muscle.  The  intestinal  reflexes  (»egmen- 
tation  and  peristalsis)  are  determined  by  the  local  ncr\'e  centers  of  Auer- 
bach's  plexus;  but  the  extrioBic  nerves  ca.n  also  initiate,  augment  or  abolish 
these  movements. 

These  peripheral  nerve  centers  and  thdr  connections  react  to  the  usual 
autonomic  poisons;  but  the  nature  of  the  rciction  is  diKlincii\'e  and  can 
not  be  deduced  from  the  ordinary  schema.  The  extrinsic  nerve  ganKlia 
responds  to  nicotin  in  the  u-^ual  manner.  The  effecl.s  on  the  .Auerbacli 
ganglia  can  also  be  located;  these  are  stimulated  by  atropin  and  nicotin; 
these  and  the  other  autonomic  poisons  also  act  more  peripherally. 

.  Peripheral  Reflexes  in  Other  Organs. — The  intutinci  «re  the  tnoit  proounrat, 

liut  by  no  menus  the  only,  rxninplc  of  idle  n  icponscin  the  itbRencc  of  central  inntrvstIoB> 
In  ^slies  and  umpliibiaii^,  (•>!  iti«unte,  Uie  iiih  •>i  the  exeiaed  eye  te»ponil*  tvlishi,  even 
after  removal  of  the  relina  (Sleinuth.  i8(j;,i;  blood  vessel*  rcgtun  their  tone  Ktiea  tbtir 
nervous  cnnncclinns  degencralc,  cic.  Thne  rcllexcii  dn  nol  even  Involve  [lie  prtMtm 
ol  pcrip)ieral  nerve  cells.  They  mny  be  I'omiJcred  as  survivals  of  the  reflex  mecbuuini 
of  the  lower  invertebrates  (Parker,  190^).  This  conception  ma}' help  to  eluddau  lomc 
<ib*cutc  pharniAfrtlogii:  phcnonicna. 

Extrinsic  Innervatioa  of  the  Intestine. — Sympalhrtic  nrrrcs,  niiuiin^  through  the 
superior  and  inferior  ipliuiehnic  and  mesenteric  gjnglia,  supply  the  whole  tract,  [roia 
the  eardln  10  The  anus,  miiinly  with  inhibitor)'  ril>rrs. 

The  pararympathtlU  supply  c>.>nsi!<l-t  ut  the  auKinenlory  erigcns  nnd  pelvic  oerves  to 
the  nnus,  rectum  und  rolon;  and  the  vagus  fibers,  diitrilnited  from  tnc  Cfophuitt  to 
the  end  of  the  ileum.  The  vaiiii  innrrralion  causes  a  bburl  primary  inhibition,  followed 
by  marked  stimulation.  It  h  not  known  whether  tbe  extrinsic  nerves  conaeet  with  the 
local  nerve  celU;  or  whether  They  act  indefiendenlly  on  the  muaclc;  or  both.  The  bulbo- 
tucral  innervuliun  seem;  useful  mainly  fcir  initialing  tune,  which  is  then  maintained  by 
the  local  mechanism.  The  initial  inhibition  favors  the  ingress  of  the  diyme  (Caanolt. 
lyti).  The  "roll  mnvemcnls"  which  prniirl  the  cnntenTg  (or  Ions  ditlancw,  are  of 
ettrinsic  orii;[n.  due  to  va^us  ^stimulation  with  simultaneous  deprMHOD  of  sympatbetic 
inhibition  IMelticrand  Auer,  1907). 

Difierences  of  Rhythm  at  Various  Levels. — In  intact  ttnlmaK  the  rhythm  b  lasler 
toward  the  two  ends  of  the  intestine  than  toward  the  middle.  In  excised  intestiiK,  tbe 
rate  decrca<j;s  with  the  distance  from  the  pylotus,  the  rate  of  the  duodenum  IB  rabUu 
bclnR  about  jo  per  cent,  faster  than  in  the  lower  ileum.  The  oral  end  is  more  irritable 
and  therefore  acts  as  puccmalicr.  It  is  also  less  subject  lu  cpincpimn  relaxation.  Its 
lone  i«  also  higher.  On  the  other  hund,  the  slower  rate  of  tbe  aboral  end  is  actontpanied 
by  Ktealer  ticursions  (Alvnrei,  1914,  1  915). 

The  InCrineic  Neuro-muscular  Mechanism.— The  sejtnieniation  (pendoliun)  movc> 
ments  and  the  ordinatj'  jierijialtic  movements  are  entirely  of  pcri[riieral  o«i|in,  tince  ^ 
they  nrc  observed  also  in  the  excised  intestine  even  when  the  mucosa  and  tubenacou  1 
removed.  They  are  originated  peripheral  (o  the  ganglia;  lor  ihcy  persist,  under  cuit 
eondiiions.  for  bve  da>-s  after  death,  when  the  ganelin  must  be  dead;  and  tiuey  talk 
be  evoked  in  preparations  from  which  the  ganglia  have  been  removed  anatoalically 
(Gunn  und  Undcrhill,  1914).  The  rhythmic  scj;menIation  movements  ate  auhmatic, 
tbe  peristaltic  movenienii  arc  evoked  redcxly  (as  in  the  BBytin>5tariiiig  reflex;  apfatdi 
causes  the  intestine  lo  constrict  for  i  or  i  cm,  alxive,  and  to  relaifor  some  jocm.  belMr 
the  stimulus).  The  locjil  nerve-muscle  mechanism  for  Ihe.v  reticles  consuls  at  tbe 
longitudln.tl  and  circular  muscular  coals,  innervated  by  .\urrbach't  plevus  of  MtW 
cells  and  fjbcrs,  whitli  lies  between  iLem.  This  communicalcs  abo  with  MttoOM^ 
plexus  in  the  submuco^a.  which  innervates  the  glands,  muscularis  macosc,  etc,  b«t 
which  is  not  concerned  in  the  intestinal  movemrnl». 

Isolation  of  Intestinal  Coals. — ^Magnus.  1904.  found  that  (he  muscular  coala  of  tb« 
cat's  intestine  could  be  separated  into  layers,  so  as  either  to  retain  or  dimiaate  Ail*t^ 
bach's  plexus. 


PEKIPHKKAl,  AVTONOIUC  SVSTEU 


'75 


» 


Tbt  "pkns  jMcpantloni"  conula  the  ptripbctat  nerve  mlU,  ami  m^pond  to  con- 
tic»  Kxtd  ilimulatMin  by  rhyUunic  con  tree  liooi. 

'Hlw  ittcxas-fne  pnparRtiont  (whlcb  contain  only  the  ncn-c-cadingx  and  muiirle) 
■Tf— i-»aimiiy  Rspond  to  coatinuoil  ttinulation  by  a  tinKle  letanlc  contraction,  lik.o  otdJ- 
BA-v^vntooUi  miMde;  but  if  tbe  preporatJOD*  are  carefully  protected  ouinat  injury,  ihey 
>!>■  ■  RMunc  spont«Dcous  ihyihmic  mo^rmcnli  aflcr  n  lime  (Cunn  iinii  ITndcrltill,  1914). 
"^fali  the  diMppeainncc  of  apuntnncous  movenirnis  by  expoiure,  the  icactiun  to  aU 
<lr«^.aC*.  '^vn  barium,  is  nboljdied.  The  mponM  lo  pUocftrpin  >nd  Blrojun  ditsppcai* 
bcfoit  that  for  cpiacphrin  or  biiriuRi,  indlcaiinic  IhAt  ibc  {Mratympalhctlu  Innervation 
<lic-^    before  the  lynpathetic  <Gtinn  nnd  UnderhUl). 

'Xlw  muiaitarU  miwm*  abo  contracts,  apccially  in  the  diagonal  direction.  lu 
rh>'  c  ha  it  litnr,  mihtr  alnrilar  li>  thai  of  the  tpfcen.  It&  lone  and  rhythm  arc  inci«kied 
b>*  ^tiiorphrin.  Barium  couwa  matkcd  loniccontracllon.  aboliihing  the  rhythm  (Gunn 
auid      Undeihill). 

X.ociilization  of  the  Action  of  Poisons  on  the  Intestine. — The  use  of 
intestine,  and  of  plexus  and  picxus-frcc  preparations,  aids  in  the 
locaa liuiion  of  the  action  of  poisons. 

IS  a  given  action  occurs  in  the  excised  intestine,  the  point  of  attack 
must  be  local.  If  the  action  occurs  in  plexus  preparations,  and  not  in 
plc:XTjs-frcc  strips,  it  must  be  on  the  ganglion  cells.  If  it  occurs  in  the 
plesc-uvfree  prepaxalions,  it  must  be  on  the  eiidings  or  muscle.  No  reli- 
&li1c  method  has  been  found  to  distinguish  between  the  ncr\'e-cndings  and 
tnuscle;  or  between  the  endings  of  the  extrinsic  and  intrinsic  system,  if  the 
l^fo  be  distinct.  All  conclusions  as  to  these  are  ba.«cd  on  the  insecure 
S'ouJMi  of  analogy. 

'  I  nk  geocrat  metlMida*  outlined  only  diicoven  the  mott  peripheral  point  of  attack, 
*Wcrh  b  jKartlcally  the  mf«t  importftnl ;  but  It  doc*  not  cxcluoe  ihat  the  pofton  may  alao 
*^ec-t  mate  central  itruclum  at  the  same  time.  This  puMibility  i*  not  merely  theoreli- 
^^:  ftx  even  ibii  method  tbom  that  the  tome  drug  mav  attack  diiferent  nlructuret, 
**^c^c»rding  lo  the  doie  and  other  conditions.  The  conditions  have  not  been  fully  ana- 
jS^'***.  and  '!T>'ii  tV|.  hm  been  done,  the  localixatloe  ot  the  inteilinnl  phenamena  mu'i 
o*  mtbrr  L  »y.     The  follouinii  rxpatilion  tv  mainly  along  the  linen  laid  down 

5J"  M«fnti-  .  iiiiisM-der  I'ltyMologie,  vol.  7,  1908, and  vol.  3,  iyo3),and  by  Han» 

Actioo  o(  Dmes  on  tbo  lotcetlnal  Mormia&ts.— 0«rj«m  satU  provoke  very  violent 
*'**'tr*ct»oo;  the  cfiecl  occurs  in  plexuvfree  preparaliont  and  i*pr«umably  <from  anal- 
ogy) vitTled  directly  on  the  contractile  auutancc.  It  i*  abolished  only  by  the  very 
i**Kt  tluw<  of  alrofiin  which  paralyjto  the  muscle  substance. 

Siropkiinlliiii  (anil  prciumably  the  other  Dicitaloid  dru^}  stimulate  in  imall  do^ei 
a'^  InUbit  in  large  done*.  Tbe  effects  occur  in  |>lcxui-frce  preparation),  and  hence 
"■^vc  the  eadinga  or  mtBcle,  preaunably  the  latter.  The  stimulation  Is  abolfshtd 
*™J  by  the  extreme  do*e»  of  atiopin. 

PkyiostipHin,  Pihcar^in,  Itiiscarin,  ChoUtt  and  CoUJiiem  produce 
vWilrnt  insular  con  tract  i»n.t,  and  also  tetanic  contraction  of  plexu^fret 
Pftftaratiuns.  Their  action  mtist  be  postganglionic;  prestimably  stimula- 
w«  of  the  vagus  endings. 

The  slimulation  of  tticse  drugs  Is  abolished  by  small  doses  of  atropin; 
Vilocart»n  is  anlagonized  by  exucmcly  minutcdoscs;  pbysostigmin  requires 
t<J»liv«y  ihr  liirgrst  amount. 

Atrvfin. — The  effects  and  their  localization  differ  according  to  con- 
w^s;  Very  imo//  dcKs  have  no  effect  on  the  normal  intestine,  but  remove 
■Jwlnal  ^uism,  tluc  to  prriphcra]  vagus  stimulation  (physostigmin. 
P^Kupia,  etc.;  lead  colic,  anemia  of  intestine,  etc.),  Tlie  motor  response 
Ipnlni Illation  of  the  vi^us  trunk  is  lessened,  but  not  abolishcxl.  This 
™<*ge  does  not  affect  tlic  contraction  on  direct  muscular  irritation  (ba- 
"<"",  stn)]ibanthin.  cathartics). 
The  action  consists  presumably  in  depression  of  the  augmentory  vagus 
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Iniermediale  doits  of  alto  phi  (from  therapeutic  to  fatal),  seem  to  ^^ 
dificrcnily,  atcor<litig  to  conditions  and  species.  In  man  l,K«t>ch.  i  p  '  3)j 
in  rabbil:^,  and  in  some  cats  (Hirz,  i9i3),'they  cau»e  furthrr  dq>rtssJon  asi^ 
relaxation  of  the  inti-slinal  tone. 

!n  t>i)ical  cats  (Magnus)  they  increase  the  movements  of  the  Dor»»»' 
intestines  (i>.,  unlc«s  there  is  vagus-spasm).  This  occura  also  in  t-^* 
excUed  intestine,  but  not  in  plexus-free  preparations.  The  BegmeotAt-^^"' 
movements  also  become  more  regular.  The  action  oon^sla  apparcn*^^ 
in  »limulatian  of  tlie  Auerbach  Ksnglion  cells.  Larger  doses  also  paral>''^* 
the  inhibitory  Nplanchnic  endings. 

Exlrritf  JiMri  «/  utrofin  (»o  latjsc  lliut  Ihcy  can  not  be  brought  inio  actioo  by  •>'^ 
temk  applkalion,  but  only  locally  and  in  ihc  excised  intestinal  [ui»Iyic  sucwwUv-r-iy 
the  ganglion  cciU.  the  endinss,  and  the  muiclc,  Ihu»  Jc»tr«>'in)t  tlir  mpKiDM  tu  tlw  ni***" 
eular  pouons  such  as  barium. 

In  the  e*d>ed  inte»tiDe,  the  reblive  doiM  ol  atropin  arc  a*  follomi:  at  per  cei>C-_  ** 
required  to  produce  deprcMoEi;  0^15  to  produce  itimulatlon;  and  o.«oos  lo  antacoO*" 
pitocarpin. 

Nkolm  also  has  complex  actions:  In  the  first  place,  it  paralyzes  tb« 
extrinsic  zanglia  (Ixith  the  va};u&  and  splanchnic)  rendering  ineffectJ'^'*^ 
the  stimulation  of  their  preganglionic  fiucrs.  The  nicotin  paralysis  » 
preceded  by  a  short  stimulation,  which  occurs  after  dexeneratioa  of  tb* 
preganglionic  fibcnt  and  must  iherefore  involve  the  ganglion  cells.  Th*'*' 
effects  on  the  luttrinsic  ganglia  arc  practically  overshadowed  by  the  peri  p^' 
eral  actions. 

Nicotin  produces  violent  peristalsis,  proceeding  to  Lntensic  spasm<r>a» 
contracture.  This  occurs  in  the  excised  iiilcsline,  hut  not  in  the  ple^^^ 
free  preparation.  It  is  therefore  due  to  stimulation  of  the  ,\ucr bach  c^^**" 
Thi*  slimulatiiin  is  preceded  by  a  temporary  inhibition,  which  app^=*^ 
to  be  in  the  endings. 

Very  large  Amn  (local  application)  abolish  the  wsmcDtaiion  movcnwnt*.  boC  *^ 
perlstAltlc  ttflei  pcnist*.  Lat^  doMB  of  atropin  abolish  the  niootin  contr»ctii]^*  ^ 
■nuMuIar  pitaiyiU. 

EpintphnH. — This  inhibit.^  the  normal  intestinal  movements;  a»^"-^* 
those  produced  by  atropin,  nicotin,  pilocarpin,  and  sirophanthin,  but    ***j 
those  of  Itarium.    Tliis  inhibition  occurs  in  plexus-free  preitaration-i.  ^*  *^ 
after  degeneration  of  the  postganglionic  fibers,  and  \i  therefore  locatcc^ 
the  myoneural  junction. 

-If 


Apoeodtm  pamlyzcii  the  sympathetic  gangliii,  thu«  abolishing  iahibilion  oa  »pla**~.^ 
atgntlkance  beloe  obscure.     PQocarpin  nnd'chotin  incrcoKe,  alrofiin  dJinbittiM*       * 


Die  (.limulaiion.     lii  the  iiotnlcci  intestine,  it  first  stimulates  tiw  Auctbacb  CMb, 
then  pnrjil}-Krs  the  eiitlinjp  or  muMle. 

/iMlniMniic  Poiiotii  oii  While  CtUt. — The  proportion  of  these  cells  is  cb 


»• 


eosilM>[>hU»  and  lymphocylea.     Kpinephrin  increases  the  Ijripptiocytcs  tint  dimini^^^^ 
the  cosioopbilc*.    lliitatain  oUa  diminishes  the  catiDophilet  (Port  and  Brunow,  19  * 


ATROPIN 

Summary  t>j  .li^tfonj.— .\triipia  and  other  closely  rebiicd  alkalo^^j 
(hyoscyamin,  scopolamin,  etc.)  produce  a  variety  of  peripheral  and  cent***^ 
eSecta,  namely: 

I.  Complete  paralysis  of  the  peripheral  distiibuiion  (myoiKural  ju^''' 
IJoo)  of  the  parasympathetic  (cranio-sacral  autonomic)  nerves  (ocutoinoC''' 


J 
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wcretor)',  bronchial  musculature,  cardiac  and  intestinal  vagus,  uterus, 
etc.). 

3.  Conscqucntlv,  antagonism  to  pilocarpin,  muscarin,  phvMwilgmin, 
etc 

3.  SIigbt»Umu]iLtionan<]in  large  doses,  subsequent  paralysis  of  smooth 
and  cardiac  rouscic  and  other  celts. 

4.  Slight  peripheral  sensory  paralysis,  on  local  application. 

5.  Excitation  and  then  paralysis  of  certain  cerebral  and  medullary 
centers. 

These  actions  find  varied  application  in  therapeutics,  and  are  of  great 
scientific  Itileresl. 

Spccificit;  of  the  Autonomic  Actions. — The  |»riphcral  octiuos  of  alrapin  ar«  con- 
fined nuialy  lo  ihc  auunicniriiy  tifivn  of  the  cranio-iucral  ilivi.siun  o{  the  nutonotnic 
tyneta.  To  this  there  nic  i  few  etccplinns;  for  tl  .tffccl'  uKi>  inhibitory  cranial  ncrvts 
(CMdlac  vajius)  aQ(t  h  (ew  augmrnlury  an'l  inhibitory  sympathi'Iic  nerves  (uterus  and 
sweat  glanji)  (Cushny,  igto). 

Occtirrence. — Atropin  occurs  in  a  number  of  drugs  {Bellailcnna, 
Stramonium,  ilyoicyamus,  Scopola,  MandragoTit,  Dubohia,  etc)  derived 
from  plants  btlonging  to  the  order  Solanacva:  {the  potato  family).  These 
also  contain  varying  proportions  of  other  alkaloids  (hyoscyamin,  scopo- 
lamine etc.)  which  are  closely  related  to  atropin  in  structure  and  in  action. 

The  alkaloids,  as  first  isolated,  were  mixtures;  consequently,  their 
|»t>pertics  appeared  to  vary  with  the  origin,  and  these  mixtures  were  given 
specific  names  (Daturin,  Duboisin,  elc.)-  The  pretended  diflerencc  be- 
tween scopolamin  and  "hyoscin"  is  a  survival  of  this  tradition. 

BlttOficaL — Belladonna  received  but  little  medical  notice,  and  seems  to  have  txen 
first  inttoduced  into  practice,  as  an  unutlyne,  about  :Sbo. 

The  (int  inilubitnbic  notice  of  hfilaitottHa  occurs  in  1504,  hut  it  ihrn  came  quicLly 
into  use  for  poisoniiiK  ami  coeinctic  purpoMt.  Tlic  namr  Atropu«,  which  Linnt  nave  u> 
the  plant,  is  from  ihc  oldest  of  the  Tnrce  Tate*,  who  cuts  the  thread  of  life,  licllndnnna 
COOMa  (ram  tlie  Italiun  "haoilsome  woman,"  as  it  wuh  used  to  ki^'C  hiMrr  to  the  ryes. 
On  account  of  the  slow  course  and  the  obscure  symploms,  belladonna  was  a  favorite 
with  profctsioiuil  poiionc-n  in  the  middle  ages,  and  this  abu^e  in  icgiud  to  srvcral  specie* 
of  Daiura  (Stramonium)  has  c.iieted  in  India  fincc  remote  ages.  The  name  iisrif  is 
Sanskrit  (Dhatoora). 

Hyoteyamtu  wss  mentioned  by  Dioscnrides  in  the  first  century,  and  hns  been  utcd 
conlinuo^j'  in  domestic  medicine.  It  was  intrwlitccd  Into  practice  hy  Stoerck  in  ihe 
middle  ot  the  ciahleenth  century.  He  also  inlrtKlutcd  Siramanium.  Mnndracora 
(Mandrake)  w»s  the  siilijrct  o(  sonic  interesting  medieval  myths.  The  "herbarium" 
of  Apulcius  (clevmth  century),  quotes  its  use,  cElemuUy,  fut  Eieudnchc  and  insomnia, 
and  intcnially  for  mania. 

Cbemical  Structure  and  Relations. — ^Thesc  alkaloids  are  ester-lilce 
combinations  of  certain  biises  with  organic  acids  of  the  aromatic  scries. 

Atropin,  (CiiH]jNOj),is  the  tropeic  acid  ester  of  abase.  Iropin,  anti  is 
isomeric  with  llyascyamin;  hyoscyamin  being  levorotary,  whilst  atropin 
b  raccmic.     The  esters  of  tropin  are  called  tropdns.     Homotmpm  is  ihe 
Doandetic  ester  of  tropin;  and  otlier  Iropcins  occur  naturally  or  may  be 
prepared  synthetically.    Tropin  itself  is  closely  related  to  Ecgonin,  the 
bosjc  constituent  of  cocain.     Its  effecLs  and  those  of  a  series  of  its  syn- 
thetic esters  have  been  investigated  comparatively  by  Golllieb,  1896.    The 
mcetiu  are  analogous  esters  of  the  base  oscin.    The  tropeic  acid  ester  con- 
stitutes the  important   alkaloid   Scopolamin  or  hyoscin,  (Ci;H]iN04)- 
Thb  also  occurs  in  i.somcric  forms:  Alroadn  (racemic.  corresponding  to 
Alnpia);  and  Scopolamin  proper   (levoroUry   corresjionding   to   Hyos- 
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cyaniin).  Alropin  and  Alroscin  are  ihe  mwrt  •tialilf  produci*:  Alkalies 
and  many  other  agents  convert  byostyamin  into  atropin,  »copolamin  into 
atroscin. 

Chemic  Canstitution. — Tropin  bos  the  formula 

CH: -CH CH-  (o) 


i 


N.CH, 
H, CH 


nOH  (fe) 


Bttonlit  (the  bote  of  cocaio)  U  the  beU  carbo-add  of  InipiB.  «fie  H  at  la)  bcini 
raptacH  by  COOH. 

Alropin  U  the  tropek  atcr  of  tropin,  the  Hat  (6)  being  replaced  b/ the  ndlral 

CO CH C,H» 

/ 
CH/>H 

The  sulphuric  csicr  of  niiopin  is  near  lyirvoiil  or  peripheral  i(c<ion».<ihIkti)c<*atnl 
effects,  espeiiully  the  rr»pirntory  sttmulaliuii,  uic  preserved.  Scopolaaiin -wdphark 
MIcr  docs  not  shoie  this  rapiratory  nction  (Trendelenburg,  1913). 

fiModonnin^wtl  Alrapamin  areisoincriciilkBluids  (bcllailunnicacid  Iropeiai).  TMr 
formula  differs  from  atrnpin  by  the  absence  of  n  molecule  of  HiO.  They  »re  prwent  ia 
the  plants  in  very  small  amount,  and  il  it  possible  that  they  arc  only  formed  during  the 
rilraclion. 

Distribution  of  Alkaloids. — Belladonna  and  Siramonium  contain  raiunij-  aironin  and 
hyotryamin;  one  or  the  ciihci  allt.iloid  niay  predominate.  The  hyotcyamia  U  the  most 
widely  distributed  of  time  alkaluida.  and  ii  etpeiially  xbundont  in  young  putt  of  the 
plants,  whereas  older  nurts  contain  more  uitoiiin.  Il  oppcan  therefore  that  iJic  hym- 
cyiimin  is  the  oHginiil  a!kak>id,  and  thai  it  U  nnrily  irannfoitncd  Into  utiopEn  in  the 

eant  itself,  and  ulso  during  ex tratlion.  These  plants  aisocontain  small  traces  of  9cofN>- 
min  and  atroscin,  hul  The  latter  alkaloids  are  relatively  more  abundaot  in  Byoscyamta 
and  Srobata.  taking  ibc  principal  part  in  the  actions  of  these  plants.  The  distiibuttiw 
and  variation  of  the  alkaloids  in  individtial  planti  bai  been  studied  by  Sic^-en,  tqt  j  and 
1914.  Thi^  ^ui;KC!<ts  the  fensibllity  oF  improving  The  nlknloidal  conlcnt  by  icleclivo 
breeding  (Sievers,  1915). 

Effects  on  Psychic  Functions. — Therapeutic  doae.*  of  atropin  hive  no 
perceptible  effects  on  the  psychic  functions;  but  overdoses  prodticc  symp- 
toms (see  "Toxicology")  superficially  resembling  alcoholic  inebriation. 
However,  the  exaltation  and  stimulation  are  more  prominent,  passing 
from  mere  restlessness  to  hallucinaiions  and  delirium,  and  even  mania; 
and  the  effects  are  much  more  lasting.  Similar  symptoms  ore  seen  in 
animals.  With  toxic  doses  the  stimulation  passes  into  coma,  convulsions, 
and  asphyxia. 

The  (iyneulsiont  ue  not  entirely  uphyilal,  for  ihey  ate  not  abolbhed  1>y  »rtiGri4] 
respiration. 

The  virioH  i>  disturbed  more  than  can  be  explained  by  lou  of  accommodation. 

The  itwlur  arras  in  dogs  arc  ttatcd  by  some  observere  to  be  more  cieitablc,  but  otWr* 
deny  tliia. 

In  /'a;i.  atropin  lirst  increases  Ihe  reflexes;  this  is  follaievd  by  general  paralysis,  wu) 
this  again  by  laic  Ictanut 

R«spirat)oa.~ThcT3pcutic  doses,  in  man  (i  mg.  hypodcrmicaUy), 

stimulate  res^nratlon,  increasing  ^tomewhai  the  rate  and  minute  volume, 

and  sometimes  the  depth  of  the  respiration.    The  excitability  of  the 

••enler  it  not  increased  directly,  however;  for  the  alveolar 

unchanged,  whereas  it  would  be  found  lower  if  the  threshoM 

-ere  lowered.    The  stimulation  is  therefore  indirect;  betDf 

creased  CO?  production  (increased  gaseous  metabolism); 

*i  "dead  space"  in  the  lungs  by  bronchial  dilation  (EdsalW 
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and  Means,  1914;  Hinpna  and  Means,  1915).  Toxic  doses  produce  a 
late  dc])rrv*ion  of  ihe  center  (Bmz,  1S96),  which  is  the  uiSUul  cause  of 
death  in  atropin  poisoning, 

Bufiwitton  in  Ajtinu]  Eiperlments.— The  results  have  been  rHtlicr  contratUctOTyi 
Hdns,  1890,  found  no  appretiable  cli:ini!e  in  the  rcspifntory  volume  of  rubhitt;  Wood 
■ltd  Ccrna,  liiQi,  increased  rjLtc  ttnd  minule  volume  in  iloK'.  A>:cb[ilin)[  lo  miwl  ob- 
Mrvcfti  it  tountrradi  rfipsrttlury  depression  from  cbtural  (Iluxvrnaiin,  iS;?)  or  morphin 
{Hwbarii,  1878;  Bini,  18S7;  Volimer,  iSgj);  but  others  found  that  it  nuRmcnls  the  roor- 
phJB  dcprCMion  (Orion-ski,  i8!>i;  Unvcrrichl,  1893  umi  iSijh).  With  Lrjir  duff4,  the 
ftycbic  evdtement  and  musculur  activity  would  inL-rensi;  the  respirution  indirectly. 
Toxic  doitt  depress  respirntian,  producing  slowing,  C hey nc-S toil cs  type,  and  liniillv  ces- 
lation.  Artlfioal  respiration  m&y  enable  im  animul  to  survive  six  limes  llie  oriilnuy 
lit«ldwe. 

lliiHipeudc  Uses  of  Respinttorf  Stimulation. — The  mcchnnlsm  nf  this  rcipirnlorv 
•CtkM  In  man  woutil  render  its  UM-Ivilne~s  doubtful.  Un  ihe  busls  ut  Ihe  animal  expert- 
ntnt»  (which,  however,  involve  larger  doses)  it  has  been  used  against  poisoning  by  mor- 
[dhiit,  anil  m  a  prelim in.iry  to  anesthesia,  or  even  as  a  restorative  in  ancdthctic  falalitiei 
jWriMter,  1^).  It  is  tlta  often  used  \a  whoopinc  euuKh.  but  \i  of  doubtful  eSiciencv 
(child  ofoDc  year,  ^4  to  Ks  Rf- <■(  Kxtr.  Bclbdonna,  or  8  to  lodropsofTr.  Bellnd. 
Ihrce  times  d^y,  doubling  the  dose  in  a  week  if  to  (cranio  is  acquired  (A.  Jacobi,  1907), 

BRONCHIAL  MUSCLES  tJHD  GLAITDS 

Atropin  naralyz«ii  the  innervation  of  tliesc  structures,  and  ijierefore 
rijlatcs  and  dries  the  bronchial  tubes.  The  dilation  is  obtained  in  excised 
rings  of  bronchial  musculature  (Trendelenburg,  igu),  and  is  therefore 
peripheral.    These  effects  arc  especially  impurlant  for  rHieving  attacks 

»of  brcTHchuii  aslisma. 
PhumMOlocy  of  Brondiial  Muscle.— This  also  has  an  important  bearing  on  the 
c«pIanatioa  and  treatmcnl  of  wthma.  The  bronchi  lac  innervate!  by  Ihe  vagi,  which 
cirry  mainly  cun^lnclur,  bul  alsodilittor  jiben.  Tbe  response  to  drugs  has  berniludied 
in  iolacl  animoti  by  IMxon  and  Brodie,  1901,  nod  by  Sanox,  1Q14,  by  recording  the 
f  zcuTviorw  of  the  lunf*  under  uniform  ariiricial  respiration.  IJ.  i).  Jurli»on.  ivij,  lus 
croDtroIlcd  their  wort  with  the  extra  precaution  of  keeping  the  blood  pressure  level. 
Trendelenburg,  1^1  >,  Bachr  and  Pick,  191  j,  andTItonc,  191  j,  have  also  checked  it  on 
exatedbroncbial  muscle. 

BwochM  Constriction  is  produced  by  the  drugs  which  stimulate  the  vagus  ending, 

9Ueh  aa  phjtostUBiin,  pilocarpin,  niuscarin,  cholin,  ana  phyla  loxin.  peptone,  crgotonn, 

tyianin,  hutamin,  pituilRry,  aspiduspermin,  clc;  by  those  which  slimutale  limiioth 

r«iUKle,  such  SH  barium,  veratrin,  the  salts  of  many  metals  (vanadium),  quinin  and  »ev- 

^r^\  other  alkaloids,  bromin  vapor,  etc.     It  may  also  be  produced  by  direct  stimulation 

of  lit  medullary  c^nteri,  as  by  carbon  dloxid;  or  rellexly  by  irritaliunof  the  mucosa  ol 

t^e  MK,  laryns  or  bronchioles,     Nicotin.  lobelia,  and  curare  and  small  dos«  of  pilo- 

cAipfa  produce  an  inilial  condriclion,  followed  hy  dilalinn.    Jackson  atlributcs  this 

Nemndary  dilation  li>  ntlniuUlion  of  the  siiprarenats.     Muscarln  and  pilo<'ur|>ln  also 

contract  the  excised  muitle;  physostigmin  and  veratrin  do  not.      (E.  Weber,  1014, 

clMiftutlkat  the  bronchocona  trie  tor  action  ol  muscarin,  histemin,  etc.,  is  largely  central.) 

Anmchlat  Dilation. — This  is  produced  by  drugs  which  paralyse  the  vagus  endings, 

^P«Ciaily  aitopin  and  it*  relatea  alkaloids  (Drcwr.  1S90;  Einthoven,  tSoj;  Beer,  1893) 

(J* 'Be  date* o(  atropin  aUodcprcM  IhcdiUtor  endings);  hy  epinrphrin,  which  stimulate* 

.'"■■«  dilator  endings;  and  bjr  choliu,  agaricin.  chloroform  unii  ctht-r.     Morphin  dilates 

■^  VBiall  doM*  but  <:anitrict*  in  large  doses.    The  excised  muscle  is  also  relaxed  by  atro- 

P™  Cafter  a  brief  constriction),  and  by  cplnephrin.    The  vapar«  of  ether  and  chloroform. 

***  c*>nr«alrat)om  tven  smaller  than  those  used  in  anesthesia,  affect  the  ciciBnl  bronchial 

^''."de,  ether  (o.j  percent.)  producing  dilation,  and  chloroform  (0,6  percent.)  constric- 

r?^      Amy!  nitrite  and  sodium  nilnte  giv«  a  temporary  dilnlion;  anunonium  jalts 

P<  Y*! uce  a  slight  dilation.     Sodium  iodid  and  camphoric  acid  h^ive  no  effect  in   hving 

~"*«»»h.     In  man.  with  i  mg.  of  atropin,  the  increase  of  dead  space  amounts  lo  7  to 

tS  per  tent.  (Hijigioi  and  Means.  i^'S)- 
Thera]>eutic  AppUcation  to  Asthma.— Bronchial  asthma  is  commonly 
'^'le  lo  spasmodic  constriction  of  the  bronchioles,  pmduced  in  some  cases 
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rellexly,  in  others  probably  analogous  lo  anaphylacfic  reaction.  Tlte^ 
lumen  of  the  bronchi  may  be  further  Danx}w<»l  by  catarrhal  swcUiog  oil 
their  mucosa. 

The  constricted  paiisages  offer  an  insurmountable  resistance  to  expira- 
tion.   This  is  easily  overcome  by  the  more  powerful  inspiratory  musdesi 
(Cloetta,  1913),  so  tliat  tlie  lungs  become  overtlislcnded;  but  the  rc»iMi»^  . 
tory  exchange  is  greatly  hindered. 

Such  cases  may  be  promptly  rdieved  by  atro[nn  or  eptnephrin.  The 
atropin  acts  on  both  the  constriction  and  the  hypersecrctiu).  It  is 
also  effective  against  experimental  bronchial  oonstnction  (Dixon  and  Lee, 
1911);  and  with  proper  dosage  against  anaphylaxis  (Auer,  1912;  Kctsdct 
and  Nutt,  igit).  It  could  not  be  effective  in  cardiac,  renal,  or  emphyM> 
matous  "asthma."  Unfortunately,  it  seems  to  lose  its  effects,  even  in 
what  would  appear  to  be  suitable  cases.  Epincphrin  is  often  much  nwre 
active. 

Administration. — Atropin  (^  to  1  mg.,M2»to  J^o  8''.)  or  the  drugs 
containing  it  may  be  administered  by  any  channel;  but  inhalation  is  most 
effective  since  it  brings  the  drug  directly  to  tlie  site  of  it»  action.  This  is 
accomplished  by  inhaling  the  smoke  of  burning  stramonium  h»ves. 

Astlmu  Powdere  c-^nsjst  of  attopin-coataimug  diug>,  mucd  with  nifficiral  ultpctcr 
to  insure  ihcir  ctpmhiitljon;  r.j..  Powdered  Slrsmoniiim,  j  Gm.*  lobelia,  i;  Aniic,  1; 
Polii^.  Nilrulc,  I.  Tliisdo!(«isliurnr[lonaplat«.  and  the  smoke  intialcd.  Slrunooiuis 
CiKiiKUes  are  nlsoui^ed;  thcuinokc  of  i  to  t.15  Hm,  of  suamontuni  coBlai&tO-i  lOO>S 
mg,  altopin  fCIiientlier.  iqm), 

CrRCDLATlON 

Single  Ihrraptutk  doses  of  atropin  do  not  usually  affect  the  pulse  rate 
materially;  but  ordinary  experimcnial  doses  greatly  increase  the  heart  rate 
by  paralyzuig  the  vagus  endings.  All  vagus  inhibition.s  arc  thus  abolished. 
TTie  blood  pressure  rises  moderately,  mainly  through  the  quickened  rate, 
but  partly  through  central  vasomotor  stimulation.  If  the  blood  pressure 
has  been  abnormally  lowered  by  excessive  vagus  stimulation,  the  atropia 
rise  will  appear  correspondingly  greater,  Tlie  cutaneous  vessels  are  ac- 
tively dilated  liy  alropin,  the  skin  assuming  a  more  or  less  scarlet  color. 
Toxic  doses  paralyze  the  vasomotor  center  and  eventually  also  the  arterial 
and  cardiac  muscle,  so  that  the  blood  pressure  falls  profoundly. 

Action  on  the  VaguB. — Atropin  stimulates  the  vajjcuBccniefiacommoowiih  the  other 
meiiullary  rtntcrB,  ll  may  therefore  cause  a  jlight  primary  stwiimi;  but  thb  it  tioa^ 
ovcK'ome  by  tliir  periiihrial  patnlysls.  This  vAgiK  imrnlygiRmultitligHKAMaiAavf 
in  uU  atiimnU  in  which  llir  vagus  is  lonicully  active  (la  man,  the  cat,  do^  Ctt.).  4b 
complefcly  alrupiotu'd  do^  and  Cals,  the  rntc!  ii  about  140  to  140  per  maule.  The 
vaitus  tone  being  inuiil  in  mbbitt  and  in  (rom.  thcM  animals  show  llttte  or  ua  aoick- 
eaing;bui  In  Ihe^  the  vhrus  is  also  paraij-Ecd,  lor  iii  stimulation  doe*  not  slow  the  ncart. 
In  man,  the  vn^i  tone  b  gicatest  in  middle  life,  \ea  in  old  age,  axd  least  in  talancTi'' 
■od  the  rtaponw  of  the  henrl  rate  tu  atropin  varies  accordiniily. 

The  duration  ef  tlu  paralvTh  VTiricK  with  the  dosc,  and  »l»o  with  the  species.  It 
lasts  only  ■  few  minulci  in  r.ibbits  (Rosa bach,  1874);  loDKcr  In  goitcroui  rabbits  (Meiscb- 
mann,  loti).  la  doKS  and  cuta,  a  parlial  efiect  per^U  for  hour*  (Pilcfaer  and 
SoUmHni)). 

The  deiagt  teiiuircd  to  pnrnl_v7e  the  vaffus  has  been  studied  by  PDcher  and 
mano,  1914.     It  Is  always  amult,  but  varin  itomewhat  in  dtfFcrvnt  Animals,  even  at 
tunc  sijetka,  and  even  lot  the  two  vngi  of  the  mime  animoli;  the  left  vagus  bebB( 
•coptibl*.    Low  t>lood  pre«urc  also   increases  the  susteptibllHy.     In  every  re^MCt, 

cusctptibiUty  lu  atiopin  u  invcnc  to  the  nnturnl  excitability  of  the  vafiL  Ib  th« 
kbout  0.01  mg.  per  iHoKram  lestcm  the  responu  to  vagus  ttlmulationpeTOp^dy; 
tbout  two  lo  four  lime*  this  doaic  atmllshes  the  rcspODMCompUMely.  When  IIm 
.ysis  is  incomplrlc,  a  illcht  further  stowing  may  be  secured  by  slreoijtliefiinjt  the 

■ulus;  but  with  the  lirircr  dotage  even  the  strongest  (tJiDului  temoim  tncfiecUve. 
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The  vagus  paralysis  is  lotaltd  in  the;  {erminadon  of  tbe  vtgos  (or  in  the 
receptive  subsunce);  for  giimulation  of  the  poEtganglioDic  fibers  (at  the 
sinu»^uricular  junction  of  the  frog)  (ails  lo  slow  the  heart. 

Atrapin  abolishes  cardiac  inhibition  by  all  drugs  which  act  throush  the 
vagus  mt^rdianism,  whether  they  stimulate  this  refleijy  (ammonia  or  chloro- 
form inhalation) ;  centrally  (picrotoxin  or  veratrum),  or  peripherally  in  the 
ganglia  (nicotiu),  or  in  the  t-ndings  (pilocaxpin,  muscarin,  physosligmin). 

Resolts  of  Vft£us  Stimulatioa  After  Atropln. — la  dogs,  »hcn  ihc  alropin  action  has 
i;i>DC  just  90  (ar  th^it  slimulalion  of  tlic  Jividal  vugvs  {rnnitcnusts  no  Miccptiblc  slowing^ 
'  tlut  still  produces  a  slight  full  of  blood  prcsiuri:;  larger  <loic<^  ubolUn  thin  toipanEc  itlfo, 
[■K  tbst  the  iOQtFOpJc  |iti>))eiiie»  of  [he  vagus  temiiuaiions  ^cecii  to  be  ^oraewbat  more 
listant  than  the  chronulro|>ic. 
Wlicri  the  int<Kt  ^agui  is  stiniulatcd  in  aUo[unixcd  tnatnmnls.  the  blond  prcnturc  may 
fsU  or  rise  by  stiniuliiiioo  of  the  afferent  v(m>d)lator  or  confrltictur  fibrn  wbkh  run  in 
the  vagtu. 

In  iklropinlzed  froga^  stimuklion  of  the  viLgua  trunk  quirkcnn  the  heart,  ijncc  this 
nnies  the  accrkralur  tibcrs.  which  are  not  sETectcd  by  ulropin. 

Attio-reDtriculsr  Khjrthm. — Tliis  may  occui  in  man  from  dose*  of  i  mg.  It  »ett  in 
sritUo  8  lo  lo  mintitci,  and  soon  teaches  a  mnximum,  and  then  disappcan.  WJUon, 
191S,  Msuines  that  utiopjn  tclcuses  tbe  A-V  lisEuc  f  torn  vugus  contrul  somewhat  before 
It  releaJcs  the  sinus. 

I&flucoce  of  Heart  Rale  on  the  Output  of  the  Heart — The  output  of  the  heart  for  a 

cEvtll  litne  is  the  produit  of  the  amplllude  anil  rate  of  it !i  excursions.     Tbe  tcmovalof 

)tM  nmial  vagus  inhibition  greatly  increases  the  rate;  but  when  tbe  rate  exceeds  So 

ipst  nlnutc,  this  tend»  lule<-<ra  tbcamplimdcnf  theexriirwns;  for  a  faster  rntedocx  not 

tptnuh  tlraeior  the  complete  diasloik  hilingof  (be  heatt.     The  output  is  therefore  not 

proportional  to  the  rate,  if  this  ciceeds  So  per  roiautc  (V.  Henderson,  i^og).     If  the 

nlnute- volume  with  the  rate  ot  90  be  taken  as  100,  il  would  be  about  40  per  cent,  at 

tbe  nit  of  jo;  75  per  cent,  at  60  beats;  no  to  140  per  cent,  between  no  lo  140  beats; 

and  100  per  cent,  at  too  beats.     The  appro^iiiBte  inlluenee  of  the  atropin  quickeiuag 

on  the  ouliiut.  and  tbrouKh  it  on  the  blood -pressure  can  be  easily  deduced  (rum  (liia 

taUe;  but  it  must  not  be  forgotten  that  atropia  also  bos  other  action*  on  the  circulation. 

Therapeutic  Dse  c&  Vagus  Action. — The  paralysJs  of  the  vagus  endings 
Indicates  atropin  (i  to  3  tng.,  }-^o  ^  Mo  gr-.  hypodermically,  repeated 
as  needed)  in  conditions  of  excessive  vagus  stimulation,  such  as  cerebral 
pretture;  the  reflex  vagus  inhibition  of  chloroform  anesthesia;  operations 
about  the  vagus  trunks,  etc,  Atropin  also  abolishes  such  cardiac  irregu- 
larities as  are  due  to  heightened  vagus  excitability  (pulsus  respiratorius), 
and  it  may  be  used  to  diagnose  whelht-r  a  cardiac  slowing  is  due  to  vagus 
stimulation.  (It  has  no  effect  in  cx>mpletc  heart-block;  van  Egmond, 
«9U)- 

Action  on  Cardiac  Mosde. — Atropin  has  a  slight  direct  effect  on  the  cardiac  muscle, 
which  can  be  obsvived  in  the  iwlnteiJ  heart, and  al«u  on  (he  nerve^frer  heart  of  tbetmbry- 
~.  chick.  SmuJl  doses  stimulate  the  muscl«,  causing  an  increased  tonus,  greater  ex- 
Icimians,  and  some  slowing.  An  exhausted  frog's  heart  rti.iy  be  made  to  Mitt  again. 
I.UE*  doKS  diminish  the  (onus  und  may  kIow  or  quicken  the  rale.  Finally  the  heart  is 
pualjned,  but  only  after  the  voiomotor  center.  Indcol,  the  ejects  on  the  heart  muscle 
mn  not  of  any  importance  in  the  t>ylemic  action  of  the  drug,  being  overshadowed  by 
the  other  effects. 

In  ibe  exciird  mammalimn  heart  (I.an^endorS  method)  atropin  provokes  rhythmic 
<YiDtrBCtions  of  the  apex  after  the  base  is  clamped.    This  requires  larger  doses  than 
mit  needed  fof  paralyiinx  the  vagus.     These  lut|;e  doses  may  also  reslore  Ifae  beat  when 
.It  hns  been  arrested  by  muscular  poisons  (l.uchsinger,  iSHr). 

I        In  inUtt  ammalt,  atropin  increases  the  suricular,  but  decreases  the  ventricular 
cfficitacr  (Wlgxers.  loioi. 

VMBOUiUr  Center. — ^llmann  and  I'ilcfacr,  1910.  have  shown  by  their  perfusion 
BMtlsod,  that  this  is  moderately  stimulated.     The  stimulation  is  not  sufhcicntly  marked 
to  produce  a  rise  of  prtMure  when  ordinary  doses  arc  injected  after  dividing  the  vagi. 
hMXffi  dot«*  of  atropin  prevent  the  depressor  action  of  cholin  (q.v.). 
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PuhtuMui;  VesuU. — Atropia  has  no  effect  on  the  normal  veaaeU,  but  rei 
constriction  of  pilocarpin  or  histamin  (Beredn,  ig[4). 
Cerebral  Veuels. — These  are  dilated  (Beredn,  1916). 

Cutaneous  Circulation  and  Skin  Eraptions. — ^Atropin  producei 
scarlet  fiushing  of  the  skin,  particularly  of  the  face  and  chest,  occv 
extensive  ery^ematous  spots,  or  as  a  continuous  erythema  (which  hi 
times  been  mistaken  for  scarlatina).  This  eSect  is  much  greater 
patients  than  in  others;  it  may  occur  with  therapeutic  doses.  It  i 
dilatation  of  the  cutaneous  vessels  (vasodilator  stimulation),  1 
creased  general  blood  pressure.  This  hyperemia  may  be  so  inten 
lead  to  desquamation. 

TBMPBRATDSB 

Atiopin  suppresses  perspiration,  and  thus  causes  a  tise  of  temparalure  with 
doset,  notwithstanding  the  cutaneous  vasodilatation.  Animals  which  do  IM 
sweat  glands  (dog)  do  not  show  this  rise.  Larger  doses  produce  a  fall  of  ten 
from  a  lessened  heat  production,  the  result  of  the  general  depteuion.  The  1 
vulsions  may  again  cause  a  rise. 

GASBOU8  USTABOLISH 

This  is  increased  by  therapeutic  doses  (i  mg.)  in  man  (EduII  and  Mei 
Higgins  and  Means,  1915}. 

ACnOHS  ON  THE  BTE 

Atropin  dilates  the  pupil  (mydriasis)  and  renders  it  inseoa 
light.     It  also  paralyzes  accommodation  (cycloplegia).  the  lens  b< 
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Fig.   i». — InnpTvation  of  iris  (adapted  frnm  P.  Schulti):  Solid  line  —  ayrnpkthetic  (dili 
clotLcd  fine  —  oculomotDr  (ccnfitrictor) ;  ccAne  dotted  line  —  trtgnnifut. 

justed  only  for  far  vision.    These  actions  are  entirely  peripheral  a 
sist  in  paralysis  of  the  oculomotor  endings.     The  intraocular  tei 

glaucoma  is  increased  through  the  mydriasis. 

The  atropin  effects  may  be  removed  Ijy  drugs  which  stimulate  th 
motor  endings  (pilocarpin,  physosligmin,  muscarin) ;  and  wee  versa 

The  atropin  mydriasis  and  cycloplegia  are  very  persistent;  the : 
sis  especially  may  persist  for  several  days.  The  ocular  actions  ) 
duced  to  a  varying  degree  by  all  the  atropinoid  alkaloids. 

Localization  of  Actions  on  the  Pupil. — To  understand  the  pharmacolot 
interestinf;  pupillary  reactions,  it  is  necessary  to  recall  the  anatomical  rdati 

iris  mechanism  (see  Fig.  10). 
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^^ttmUb  wallW  l'^-  wt<  i>r  imooth  muwic  fibers,  the  fpluDclen  and  dilnton. 

TEa'ipktoelMl  an  inacrvated  by  bbeni  cuDtaiiwd  is  the  iKidomotoT.  These  (cr- 
■Inatc  BiQund  tlie  celli  of  the  cUiary  ganslia.  V  rotn  here  the  fibers  paas  as  the  dmrl 
f^tiaiy  lurvf. 

The  nerve  fiber*  (or  the  dilaton  run  in  the  cervical  tvmpathrik  and  termin»te  in 
the suftrior  ankal  t<intli^n.  The  tibcre  which  arise  from  nrrv  {icDillrecIly  to  the  dilator 
HKMClc  without  pasung  thruuith  any  other  evils.  They  run  lo  the  Uauerion  ganglion, 
vhere  they  join  the  first  branch  of  the  trigeroiiml,  uul  go  from  here  ne  the  lain  ciliay 
la  the  muEClc. 

MmaUtJoa  ol  the  Sympathetic  MKheinisai,  tn  unv  of  ill  put&,  te»ulia  in  (»ub- 
"■«"—■')  dilation  of  the  pupil.  H-ilhiitilc  disturbance  of  accommoHnlion;  in  cxophlhal- 
UM  uid  tepantion  of  the  cyetidii  nnil  in  cgn^triction  of  the  oculur  vessels.  Tlieae  are 
the  cflects  produced  by  Che  druKs  which  btimukta  the  xympaihrtic  division;  typically 
by  CMcin;  Icis  tyfucally  by  epincpktin,  for  this  can  produce  ni>^drinsis  only  if  the  oculo- 
noUf  tone  i'  li>»,  or  if  the  s>iii|iiillii'ik-  rnilings  are  hype rrxci table. 

Stinulation  of  the  Oculomotor  Medumism,  in  any  o(  its  parts,  results  in  conKtriction 
of  tlw  {Mpil  (miosi*),  tposm  of  nccomniodation.  and  lawcnng  of  intraocular  pressure. 
ThcM  arc  the  typical  effects  of  the  drugs  which  tlimulalc  the  craaio-sacral  diviiiioo — 

Panlyiis  of  the  Oculomotor  Mechanism  nould  have  the  opposite  effect;  namely 
tbo*e  just  des>'in)>c<j  fur  "Airopin,"  (The  mpkyxiiit  dttulion  of  the  inipils  la 
probabhr  due  to jutatyst;  of  the  oculomotor  center.) 

Ocnlomotof  Tone. — The  iris  appears  to  be  normally  controlled  chiefly  by  variation* 
ia  tb*  oculomotor  tone,  the  sympathetic  piny  I  ng  muinly  the  part  of  a  t«ciprocal  antsito- 
oU — that  is,  it  is  stimulated  when  the  oculomotor  is  inhibited,  »nd  vtce  versa.  The 
ftrong  oculomotor  (constrictor)  tone  is  norrontiy  held  in  check  by  a  great  variety  of 
M'lHory  and  jMj-cliic  impulses.  When  these  inljibitory  impulses  ure  abolished  (/.i.,  by 
tieep.  narcosis,  and  in  i  specific  manner  by  mutphiu),  the  pupils  are  constricted  by  the 
uncitcckcd  ocniomotor  tone.     On  the  other  hand,  when  the  inhibitor^'  impulses  are 

Irrinlorced,  the  pupils  dilate.     This  occurs  in  cxclK'mcnt. 
Causes  of  Mjrdriasis.— Mydriasis  can  be  due  to  any  of  the  following 
causes: 
Stimulation  of  the  sympathetic  mechanism  (cocain). 
Paralvsta  of  the  oculomotor  mechanUm,  peripheral  (atropin)  or  cen< 
tral  (asphyxia). 
Increased  inhibilion  of  the  oculomotor  center  (excitement). 
Causes  of  Miosis. — These  may  consist  in: 

Stimulation  of  the  oculomotor    mechanism,  peripheral   (pilocarpin, 
pfayaostigmin),  or  central  (pjcroloxin). 

Lessened  inhibition  of  the  oculomotor  center  (sleep,  narcosis,  mor- 

Paralysis  of  the  sympathetic  mechanisirt  (practically  unimportant.) 
£xperimental  Localization  of  the  Atropin  Mjniriads. — Atropin  dilates 
'"^  pupil  im  li«;il,  iis  well  jis  on  systemic  applic;ilioii.  Tlie  mydriasis 
'^rniiins  confined  to  the  eye,  and  even  to  that  side  of  the  eye,  to  which  it  is 
^t^plied.  The  dilation  :«  produced  in  the  excised  eye  of  the  frog,  and  even 
"*  the  isolated  iris.'    Its  action  must  therefore  be  peripheral. 

The  constrictor  respon-te  to  stimulation  of  the  oculomotor  nerve  is 

•■polished  by  atropin.     Stimulation  of  the  postganglionic  fiber  (sihctrt 

ciVxary)    is  aUo   ineffective.    The  oculomotor   mechanism   is   therefore 

Paralyzed  peripherally  lo  its  ganglia.    The  iris,  however,  still  contracts 

I'O  direct  ciectric  stimulation,  so  that  the  muscle  fibers  arc  shown  to  be 

unaffected.    The  paralysis  must  therefore  lie  loaned  in  the  oculomotor 

Widings  or  in  the  receptive  substance.    This  is  as  tar  as  the  analysis  caa 

o<  s«fdy  carried. 

Ihe  Bebavlae  ol  the  Sjmpatfavtic  Dilator  Mechanism. — There  ha.-i  been  considerable 
wUHon  «»  to  whether  atro|iin  in  addition  to  pu  ralyung  the  oculomotor,  also  slimu> 

;  tlleeu  nay  be  olilnincd  (loni  •tropin  »nil  [ih)'wscii|inin  lor  thmo  or  lour  bouii  iflct 
1  Ik*  human  £)«  (QTOAni>fr.  J^IOJ. 
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lutes  the  sympnthctlc  itiNhum»m.  The  c|UCBl](in  may  nnw  be  ufely  antwcfcd  in 
KcnsL'  tbut  ibcrc  is  no  ditccl  tjnipjtthctic  .itimulntiun  hy  tiiopiu;  (or  ftlimulution  of 
the  s.vmpalheiic,  ckctrirslly  ur  by  tomin  eaiists  a  furilicr  dilaliaa  of  tl»c  pupil,  ev« 
after  nia^timnl  (<ti>»  of  utrnpin.  The  atropinizei!  pupil  conslricts  tomcwlut  whra  the 
flympitthetic  i&  divi<led;  bul  tliiti  is  Ihc  nulurul  result  of  cutting  ofl  the  taiiic  ajnupatlictic 
impulses.  It  has  been  argued  thai  the  atropin  ililation  can  not  be  a  pusivc  proccM, 
Kince  it  is  of  sut^cirnt  force  to  tear  Arm  ndbesiont  of  The  iris.  T^h  merely  sbom  that 
the  (lilalor  tnuscleii  cotitracl  actively;  but  their  cunlrnetian  H  rimply  the  remit  of  the 
nithdrawal  of  the  conilrictot  tone,  and  need  not  iDv<|)ve  a  dirrrt  tlimulatlon  of  ihc 
sympftthctic  mcch.iniam.  It  is  quite  ptobnhle,  lu'wcvtt,  that  the  natural  BjrmpalhMk 
tone  is  heigbleriFd  when  the  conMriitor  tone  is  withdrawn,  for  this  would  hunMMue 
with  the  gencrnl  law  of  (criproc.il  innervation. 

Direct  Actions  on  the  Iris  Muscle  and  Cilittry  GancUa.— The  statement  that  tbc 
musouliir  fibi-ra  arc  not  affecitd  by  jtropin  mu5t  be  limited  to  moderate  dosri.     In 

f Tenter  concentration  laccordint;  to  most  ohscrx'crs)  it  al  iirtt  itimuUlcs  then,  produc- 
ng  a  leTn|)or»ry  iiurrowin);  of  the  pupil;  Islcr  il  purulyies  them. 

Direct  application  of  very  strong  solutionii  to  the  ciliary  ganglion  olio  depreMcs 
this  structure. 

The  irii  <•/ birdt  is  not  dilated  hy  atrupin,  but  by  curare,  M'nce  it  conhi»ts  of  uriptd 
muscle. 

Changes  in  Intraocular  Tension. — All  mydriatics  tend  to  incrc&w 
intraotular  lension  in  gliitictima,  allhiiugli  not  in  the  same  degree.  Con- 
versely, Ihc  tension  is  lowered  by  miotics.  Neither  has  much  effect  on 
the  normal  intraocular  tension  (Wesaely,  1905;  Bollet  and  Curtil,  191 1; 
Lucbs,  1913;  Myashita,  1913). 

Meduaism  of  Qi«  Change  In  TensioD. — It  is  commonly  assumed  thai  the  rise  ot 

firessure  in  nij'driisia  is  produced  mainly  by  lessened  filtration  of  the  aqueoui  buimr 
nlo  the  venous  sinuses  of  the  ihjnnds  of  Fontaiia  and  tannl  of  Schlcmm.  Tbctc  lie 
in  the  ongle  of  jittnchmcnt  of  the  iris,  and  would  be  comprcsaed  by  the  contraction  o( 
Ihc  ciliary  muAcIc,  nnd  by  the  i^rnndiiifl  buck  of  the  iriii.  Mioiis  would  have  the  opposite 
eflect  (especially  in  glaucoma;  in  the  normal  eye  miotics  are  taid  to  lower  Ihc  preanin 
vcr)'  little).  The  intraocular  tension  is  also  controlled  by  the  blood  pretMire  inlbe 
vessels  of  the  iris  (Leber),  and  woiild  be  lowered  whenever  tbe»e  are  iKhemie,  either 
through  fall  ot  the  gencrol  blcnid  pressure  [rclativelj-  little  influence:  Kochmann  and 
Roemer,  1914);  or  through  local  vasoconstriction.  The  viuMConitrictin^  cocun,  there- 
fore, generally  lowers  intraocular  tension,  although  it  products  mydrtatis;  ftM  It  b 
claimed  that  atropin  also  tends  to  lower  the  prrsjuie  in  the  namal  eye.  (^C«ptlan»11y, 
however,  ginucoma  has  been  reported  after  cociiin,  bolocain,  and  even  after  cpinepbria 
(Gifford,  1916). 

GlauconuL — The  phenomena  of  this  very  serious  eye  disease  depend 
mainly  upon  cxccsaive  intraocular  tension;  due,  presumably,  to  hlocke»l 
drainage  (Scrhoenberg,  1913).     Il  is  theretore  treated  by  miotics  (see 

fhysostigmin);  and  it  contraindicates  the  employment  of  mydriatics. 
f  their  use  is  indispensable,  the  choice  should  fall  upon  cocain;  and  if 
cydoplcgia  is  necessary,  the  briefly  acting  homalropin  would  be  preferred 
to  atropin. 

Practical  Application  of  Atopin  to  the  Eye. — The  effects  of  atropin 
arc  utilised  mainh'  for  paralyzing  the  ciliary  muscle  10  faciliute  ophthal- 
moscopic examination;  and  in  the  treatment  of  iritis. 

For  diapuatic  v>ork,  the  persistent  cydoplcgia  is  often  objectionable, 

but  in  Oth^  cases  the  enforced  rest  of  the  eye  may  be  desirable.     The 

atropin  can  be  temporarily  antagonized  by  pnysostigmin;  but  if  a  short 

action  is  preferred  the  less  persistent  homatiopin  may  be  substituted. 

This  is  also  much  less  liable  to  provoke  glaucoma.     However,  homatropin 

lid  be  usetl  as  dilute  a.s  pos.sibIe  (1  or  3  per  cent.),  and  followed  by 

tetigmin,  o.a  per  cent.,  b  drop  three  times  daily  until  the  pupil  and 

inwdation  have  returned  to  normal  (Gifford,  1916). 

trilis,  the  atropin  mydria^iis  is  u»*rt]  lo  secure  rest,  to  prevent  adbe- 
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sionsof  the  iris  to  titelcns,  or  break  them  if  already  formed;  and  to  effect 
Sfsumed  favorable  changes  in  the  circulation  of  the  iris.  It  is  aUo  a  vieak 
anesthetic.  Thetuoreprolongedaciiofiofatroplnaiuses  it  to  be  preferred 
for  this  purpose. 

Administration  to  Eye. — The  atropin  h  always  applied  locally,  by 
dropping  an  aqueous  solution  of  the  sulphate,  or  an  oily  solution  of  the 
free  alkaloid,  on  the  cornea;  or  by  placing  impregnated  gelatin  discs 
{Lamdiie  Alrofiina,  B.P,,  J5.000  Ef-)  i"  the  conjunctival  sac.  Watery 
solutions  tend  to  flow  into  the  lachrymal  duct,  tliereby  lessening  the  local 
action,  and  tending  to  s^-stemic  poisoning.  To  avoid  this,  but  a  single 
drop  of  a  1  per  cent,  solution  sliould  be  applied  at  a  time,  and  the  lachrymal 
MC  should  be  compressed  wiih  Ihe  finger.  For  continued  use,  in  iritis, 
peater  dilutions  may  be  employed,  down  to  }-^q  per  cent,  (even  i :  100,000 
IS  somewhat  effective).      The  effect  is  increased  by  theaddition  of  cocain. 

XhsMioa  of  Actloa  of  Atropia.— With  a  single  drop  of  i  p«r  ccni.  Bolution,  the 
tnydiiuii  reaches  its  maximuni  in  about  tweal>'-iivc  minults,  Ihe  L-ydupkjn.-i  in  about 
tKi  houre.  The  cydoptegi.i  dis.tppcars  in  two  or  three  days  (seven  to  nine  ilay^  if 
ilw  appiieatloD  has  been  cuntinuoui);  the  mydriasis  endures  even  longer,  ten  to  twelve 

Side  Actions. — Besides  the  increase  of  tension,  atropin  causes  photo- 
phobia (because  of  the  irresponsive  pupil);  and  micropia,  from  the  loss 
of  atxommodation. 

In  sensitive  individuals,  atropin  produces  some  conjunctivitis,  and 
rarely  edema  of  the  eyelids.  If  it  is  used  carelessly,  it  may  give  rise  to 
systemic  poisoning,  headache,  dryness  of  the  mouth,  palpitation,  etc.  A 
Spe^ti  of  chronic  poisoning  may  occur  in  this  way  (Tyrrell,  1906). 

If  atropin  causes  the  local  irritation,  scopolamin  should  be  substi- 
tuted, since  this  mav  be  used  in  one-fifth  the  concentration. 

Substitutes  for  Atropin. — These  fall  into  two  classes:  (i)  Those  which 
nr<xiuce  mydriasis  without  cycioplegia  {Euphlhalmin,  Ephedriti);  and 
f*J  those  which  produce  both  mydriasis  and  cycioplegia  (Atropin,  Hyo- 
scyamin,  Scopolamin,  Eumvdrin,  and  Homatropin — in  the  order  of  the 
pdincncc  of  the  cycioplegia).  Of  these,  atropin  is  the  standard,  the 
otbcis  being  used  only  when  it  is  contraindicated. 

The  action  of  hyoscyAmin  is  similar  to  atropin,  but  it  is  cfleclive  in  about  ane-balf 
tb.«  (onctDtratioD.    Scopolnmin  is  ellectlve  in  one-fifth  the  conccnl  r.kllon. 

Quantitative  meJiiurcmtnts  of  the  relative  efliciency  of  mydriatics  and  mlutici, 
alootuii]  combined,  arc  given  by  Jnckion,  1&9S]  by  Grubc,  iQOj;  by  Horo^-iU,  1911; 
and  by  Joachimoslu.  igis. 

'Xhelollowing  table  shows  the  strength  of  Mtutions  usually  employed  forupbtbalmu- 
*coptc er«fTj{ pji tlnn g ;  and  the  ordinary  duration  ol  their  aclinns. 
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PREPARATIONS — SYNTHETIC   an'DRUTICS 

'llomattapitta  U ydrobraaiidum  (Homotfnp.  MyAmht.),  U.S.P.,  B.P.;  CiJIiiOr 
N.HlJr. — Mandeiii:  esler  of  Itopin.  Freely  sol.  In  w.itcr  (i:*-);  ftol-  io  «lc  (1:40) 
Initillcd  ni  I  to  1  pet  cent,  solution.  Dose,  o.;  mt^.,  I^jg  Jtr.,  CS-P.;!  (o  >  nf.,  H4  '^ 
Jit  U'-i  B'P-    Masimum  (low,  a  mg..  .'jo  gr. 

Srst«mk  uctiuns  similar  Io  alroiih.  Icvs  loxic.  Its  action  on  the  •nipu  b  putrfy 
parafytic,  but  weaker  thnn  ^tropin  (Zulick,  1915). 

Lim.  HifinMrop.,  tl,i*, — 0,6s  mg.,  '  joo  fff- 

Eumydrin,  N.N.K.  (Mctliylulrupin  Nitralr.) — Readily  Mil.  in  walrr.  It  Burtcl 
very  f lofcly  with  nlropin  in  s\iilcniic  nctions.  and  may  be  Mibslitultd  for  it.  in  the  umc 
dosd^e;  in  eye,  J^  i>cr  cent,  Xii  toskity  is  aboul  onc-littieth,  nnd  it*  mydmlic  itrcnfftb 
ome-tenlb  that  at  atropin.  Continued  use  often  leads  t»  tolerance  (S«flert,  NebcBwirk., 
1915.  p.  tift). 

EuplUh-Umin  UyJro(hkriJ,  N.N.R, — Closely  related  to  bctacucain  in  (nmpoiitioa. 
It  i«  readily  soluble  in  wuter;  J  to  3  dropn  uf  j  to  to  per  cent,  solution  art  iuiillcd.  Side 
actions,  Scifcrt.  Ncbcnwirk.,  igij,  p.  o'l. 


PARALYSIS  OP  SECREnOKS 

Atropin  and  the  related  alkaloids  arrest  all  secretions  which  dqicnd 
upon  central  innervation:  This  includes  the  sweat,  *ali%-a,  tears,  mucus, 
gastric  juice  and  ordinary  pancreatic  secretion;  but  not  the  urine,  milk, 
bile  or  secretin  pancreatic  secretion.  The  actioa  is  localized  in  the  nerve- 
endings  or  receptive  substance,  and  is  mutually  antagonistic  with  the 
pilocarpin  action. 

Suppression  trf  Saliva  (Antisialogogue  Action). — ^The  submaxillaiy 
glamii  fuiuish  a  classical  object  for  localizing  tlic  action  of  Atropin. 
This  suppresses  the  secretory  response  Io  chfirda- tympanic  MimuUtion, 
even  when  this  is  applied  at  the  hllus  of  the  gland,  i.e.,  to  the  postgangli* 
onic  libers.  The  paralv'sis  mus  l  therefore  be  peripheral  to  these.  Thccdls, 
however,  still  respiond  to  sympathetic  stimulation,  so  that  the  paralysis 
must  be  in  an  intermediary  sultstancc,  in  the  nerve-endings. 

This  argument  involves  the  assumption  that  the  chorda  tympani  and  the  lympa- 
Ihelic  net  upon  Ihesmnerollsinlhesnttvaryglnnft.  Thi*  is  doubted  by  A.  P.  MatltemL 
and  by  Gnskell.  igi6.  The  cvidcnci'  it.  therefore,  not  aa  conclusive  as  in  the  cu«  ol 
smooth  .and  cntiliac  muscle,  where  the  cicitability  of  the  contratlile  lubitancc  cao  be 
coiit'irmcd  by  direct  »limulalion;  but.  the  Rnologj'  a  otbcrwite  do  Complete,  that  the  con- 
clusion is  fairly  «u(c. 

Large  doses  of  atropin  inhibit  also  the  responw  to  sympathetic  ttimulation  (Caanon 
and  Cuttcll,  iQiti);  pcrhnps  by  pnrnlyiing  the  iccrelory  crlU  directly. 

/n  mail,  EwtuK.  toi  i.  found  tbat  0.5  to  r  mg,.  by  moulh.  caused  a  marked  decrease 
in  the  volume  of  saliva  secreted.  The  percentage  of  organic  *otid*  wa*  fomcwhat 
diminished;  the  percentage  of  inorganic  solids  showed  only  a  trifling  deocKte.     Th^ 

Erccutu^e  of  ptjatin  fell  markedly,  btit  recovered,  or  wu  even  wmevbal  iacreaicits. 
ig  before  the  \-[)hiine  or  solid*  hail  relurni-d  to  nonnal. 

Vasodilator  Fibers  of  the  Chorda  Tjrmpanj  Nerve. — These  arc  not  alloaed.  so  that 
stimulation  uf  the  ulrouinijicd  nerve  sli'i  iliUtet  the  veuels  and  pioducca  aa  iacnftsnl 
venous  oulllow  frora  the  gland.  (The  eilecti  of  atroiiin  and  pilocannn  on  Ihc  mb- 
maxilUiy  ciriiiliiiioii  are  liiacusscd  by  Hendenon  iind  Locwi.  1905.) 

Anlagonisni. — '.\iropin   oomiiletcly   supprcMCt   [he   iiicotin   •uilivatioa   (lUice   lliii 

iiimulnics  the  (tnnglion  cells);  it  is  mutually  antagonistic  with  pilocarpin.  etc..  but  ik 

atropin  arli'.i'i.  »*  muaX,  tends  to  bo  the  stronger.     It  Is  al!,i>  said  to  *uppreM  ibe  iDCt- 

curial  s^ilix-ation,  but  not  tlie  "pamlytlc  secretion"   which   iet3  in  wDea  tbe  divtiM 

,  nerve  clcgener.it  cs. 

Practical  Significance  of  the  Antisialogogue  ActioiL — This  is  mainly 
a  rathiT  unJ)i^.■a^ant  side  efTetl  in  the  tiii'mpeutic  use  of  the  drug.  Small 
doses  (0.5  mg.)  may  be  employed  to  suppress  practically  any  form  of 
pytalism.  It  is  not  much  used,  since  the  benefits  scarcely  offset  the  ti>- 
conveniences  attending  the  use  of  the  drug. 
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Suppresaon  of  Mucous  Secretion. — This  may  be  employed  in  Ihe  hyper- 

secretion  of  torj-aa,  bronchorrhca,  cihcr  anesthesia,  etc.     Minimal  do^es 

c(  Atronin  are  used  to  abort  incipient  col<U  (0.5  rag.,  Ifao  gr.  or  1««.  in  a 

^£s  01  water,  apped  slowly  in  the  course  of  an  hour — Kohnstamm,  1906). 

ibc  cutaneous  vasodilalJoii  raay  j)lay  a.  part  in  thi.i  abortive  action. 

Suppr«ssloQ  of  Sweat  (Anhydrotic  Action). —  llii&isone  of  the  earliest 
ict.ions,  and  can  be  secured  with  »mall  doses  (0.3  to  i  mg.,  i^oo  *^  Mo 
V-,  hypodermically).  It  is  the  most  cflvctive  means  of  supprcising  the 
■■islitsweats  of  phthisis,  but  the  relief  is  only  symptomatic,  and  scarcely 
i'latifies  the  Inconveniences. 

OAtr  Anhydrotics. — The  nigbtswcats  may  also  be  suppressed  by 
^P^UmtH  or  eumydrin.  Agarin  atid  aL-us  causes  a  i>eripheral  parii]>-«is 
™  theswcat  glands,  but  is  uncertain.  Camphoric  acid  has  been  employed, 
J^t  ildoes  not  act  upon  the  sweat  glands.  If  it  has  any  effect  (which  is 
*'<»Ul)t(ul),  it  must  be  indirect,  through  improvement  of  the  respiration. 

JLmoI  measures  are  often  preferred,  especially  for  local  hyper hy<lrosb: 
^fkonfing  with  cold  lotions  containing  iilcohol,  dilute  acids,  tannin,  salicy- 
"^  acid,  fortnaldcliyd,  etc.  Dusting-powders  arc  likewise  useful  (talcum 
*it-fa  5  per  cent,  of  salicylic  adtt  or  10  per  cent,  of  boric  acid). 

,  .  -^tdia**  Acaricum,  K.X.R.,  anil  ihc  impure  tdxture  AfrMnum,  b  derived  from  m 
'^o^^a  d  till;  Urch  tree.  It  is  a  whitu,  vUorlns  and  tutdera  ciysuttLDe  powder,  but 
"■Sntly  loluhle  in  cold  water  and  alcohol. 

^^  T*bc  uihydrotic  action  of  agnrlc  add  Is  pcrlphcrBl,  sad  probably  neeenibla  alroBln, 
"**t.  la  nwch  maker.  The  effect  appears  m  a  few  hour?,  and  !s  not  Uuing,  It  does 
^**t  «ct  on  any  other  s)and>,  and  no*  dodc  of  Ihe  otber  acliMu  of  alropin.  It  ii  a 
"*'*il  Irritant  (and  therefore  cannot  be  k>^  r"  hypodermically).  Large  ilotea  produce 
*o™»lting,  diarrhea,  and  death  tbrouKh  tenlnil  pandysis  (HofmeisUr.  18881.  TUo 
'^'a^KlnumRtAgleditK  should  not  exceed  o.oj  Gin.  {ii  p.);  and  the  doily  dose  thould  be 
J*lp>*r  0.1  Gm.  (tW  gr.).     As  habituation  occurs,  it  is  bctttr  to  Mart  with  0.5  mg. 

['■^  »  o  er.)-    Ointcu  opinions  differ  an  to  its  value. 

•S'oAH*  Tdlitrale  appears  lu  m't  similarly,  but  U  nhjcctlonnble  on  account  of  the 


("*'■*» teat  Jtortic  odor  which  it  gii-M  to  the  breath. 

Gastric  Actions. — The  secretion  of  gastric  juice,  and  especially  of 
"VclrochloHc  acid,  is  dimin).shed  or  suppressed,  through  paralysis  of  the 
feretory  vagus  endings  (Chiari,  1915)'  'I*"'  motor  activity  (pyloric 
M>*ain,  etc.)  is  also  depressed  by  the  va^us  paralysis  (.\ucr  and  KIcItzcr, 
'^06).  Both  actions  make  atropin  useful  in  h)'perchlorhydria,  gastric 
'"CcT,  tumors,  etc.    It  ia  especially  indicated  (0.5  to  t  mg.,  K20  '<>  Ho 

fj'.  IWore  meals)  in  acute  conditions  wiih  severe  pain  and  vomiting 
Maihicu  and  Girard,  1915;  .V  Schmidt,  1914).  It  has  been  used  in 
'**'«Vtii«r  (atropin,  0.5  mg.;  strychnin,  i  mg.,  hypodt-Tniically — ^Girard, 
■Wj).  The  sojourn  of  meat  in  the  stoouich  is  delayed  by  large  doses 
"*  •tropin  (T>'sebaert,  1913). 

I  Antagonim  to  Braedcs. — RgelMton,  iqi6,  findx  that  ve^  miU  dMtt  of  atrapin 
jT^aiK-  per  kilogram)  prevent  the  emetic  action  of  pl1ocnr|HB  and  ncotiii,  but  not  of 
'^^'BarphJa,  oxiri^in,  ouabain  or  emetin.  The  antMrmctic  doM  btieg  smaller  than  it 
1*5"*'™  "c******  pcfiphefal  nctiona  of  pilocorjiin,  luggestt  that  atropin  dq»««»e«  on 
"•wic  center. 

,*^ncw«te  Jnice. — Atropin  »uppr*s*ci  the  increase  ol  pancreatic  secretion  which 
!!^'''aray  loItowK  ititnulalion  of  the  vagus  or  the  odniinbtrstion  of  ptlocarpin.  cholin, 
^2j  ^''^  doM8,  however,  provok«  a  pancreatic  flow  In  th«  dog  fPoplclskJ,  1896; 
^^rMkoinki,  1906);  the  enechaniim  of  tha  peculiar  action  b  not  understood;  it  may 
^*j™Iy  be  CDnnccicd  with  ihc  actioni  on  the  liver. 

yj^  Ihc  torrctin  flow,  « tropin  ha»  no  direct  effect  (Chiari,  1915),  but  since  It  dlmln- 
rS*  thrwcreliooof  odd  in  ll»c  stomach,  it  piofcably  ieasens  the  production  of  secretin 
^^'ectly,  and  benec  Interfere*  with  the  phyiiologic  pancrratic  accretion. 
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The  pancrenllc  ttlmulatils  which  arc  aningoniMd  by  ntro^ln  yield  activr 
whcruis  ihoKc  which  urc  not  affected  by  Rliupio  rtquirv  the  oddiUan  of  erepoin  (C 
uDd  Glcy,  1905)- 

Uric  Acid.— Atropb  Is  wid  to  pm-cnt  the  incrrajc  of  uric  acid  ihsl  Bonul 
lotlou-i  Ihc  iniK'tion  of  food;  presumably  by  prcvenlinK  lh«  secrttioo  ol  tbe  digotl* 
juicc»  (Mi'ndi'l  nnil  Slchlc.  iQiO.     It  also  prevents  the  alophsn  incrvMC  (Abl.  igti) 

Lacteal  Secretion.— Oil  and  Scott,  ii>ia,  confirm  Rortiriit.  that  ilm  b  lomewtii 
(liininUhciJ  by  ^tliopin. 

GLYCOGENOLYSIS 

The  old  staicmeni  ihai  atropin  ptercnls  the  itnnafonnation  of  tlie  hepatic  i 
into  tugoT,  upiKiirk  to  be  crrontous.  Il  ori^atcd  niih  Morat,  iS8j,  who  c< 
that  iillncKrptn  stimulatn,  and  atropin  inhibits,  the  coaversioB  el  clycogeD  into  1 
Ca%  iuizani  and  Soldaini,  1896,  alM>  Mated  ihiit  ulropiii  pttndylM  pycOMCntory  nerv 
In  Ihclivci.  The  evidence,  however.  w.-isunuiii»factor>' and  hu  been  dlsproveii  by  tl 
mulM  o(  Mo»enlhal,  1013,  and  uf  Mactcod.  1908.  The  latter  ahowed  Out  npUiidi 
itimuiolion  produces  the  tame  hjrpcrglyccraia  after  atroinn  at  normally.  McGvlfi 
1916.  alio  lind«  no  direct  ctFccI  o(  atropin  or  j)ilorarpln.  Laripe  doiet  ot  atropin  m 
incrcoie  the  blood  sugar  (ahw  observed  by  Pitinl.  iqoS),    This  b  due  Hmply  to  thcc 

ATROPIN  m  DIABETES  ^ 

It  haa  l>oon  HMcrted  llial  iiliopin  int'iciihcs  ihc  tolerance  (or  iarbohydtatca  (RudllC 
FarthheiueT);  but  the  statement  needs  confirmation  (MoMOthal,  Iqii). 

HEPATIC  ACTIONS  AND  COAGOLABILITY  OF  BLOOD  fl 

The  sffttloH  a/bih  is  somciinict  sli|[htly  (Umisished  by  atropin  (Okada,  1915). 
The  Injection  of  large  ilotci  ai  atropin  into  the  porlaJ  vein  lower*  the  (MtitiMb 
tfUoad,  (inl  that  of  the  hcpniie  vcbi.  Tiiis  eScct  can  not  be  ptodaced  by  lajectioo  in 
the  Jugular  vein,  nor  by  adiUcion  of  atropin  to  ihed  blood  (Doyon  Uid  Karefl.  roo^  « 
1906),  and  i*  due  to  on  action  on  the  liver.  The  anticoa^lant  Mibatance  a  ano  Pi 
duotd  by  the  perfusion  ot  atropinlscd  blood  through  an  cidied  liver  (Doyoo.  1910). 
The  Uucoeytes  are  not  changed  bv  ordinary  dose*.  Toxic  doses,  e«pediilly  >l> 
often  repeated,  diminish  the  cosinophilei.  The  actioo  Is  probably  indirect  i  Iletrk 
1914;  Fori  and  Brunow.  1914).  The  ecniiErallon  of  leucocytes  io  expoxMl  tBaentCQ 
not  inhibited  by  atropin  or  scopolamin  (Ilieda.  1916}.  ^H 

ACTION  OP  ATROPIN  ON  PERISTALSIS  " 

These  vary  according  to  the  dose  and  conditions:  Minimal  das 
quiel  excessive  peri»lal.MH  provok*^  by  toxic  r)eri|)berul  vagus  atimuUtio 
as  by  pUotarpin,  cbotin,  physostigmin,  etc.  'ITiesc  doses  do  not  affect  IK 
mal  perislaUis. 

Ordinary  therapeutic  doses  relax  the  intctitin«  in  man  and  rabU 
(Katsch,  1913;  Hirz,  1913).  In  cats,  they  may  increase  peristal! 
(Magnus).  It  i»  conceivable  that  this  also  occun  in  man  in  aon 
conditions. 

Excrsxive  dases,  sucli  as  can  lie  brougiit  into  play  only  by  local  applk 
lion,  paralyze  the  intestine.  All  these  actions  are  peripheral,  but  aSe 
diScrent  structures  in  the  intestine.    The  details  are  described  onplg 

360.  375- 

Therapeutic  Use  of  the  Peristaltic  Actions. — The  inhibitory  action 
atropin  in  utilized  against  toxic  >pasms  of  ihe  intestine,  which  presumab 
depend  upon  peripheral  vagus  stimulation:  the  coUc  pains  of  indigestio 
lead  colic,  piomain  diarrhea,  etc.     The  dose  (or  this  purpou  U  usud 

I  mg-  Q>io  gr-)- 

It  also  icfisens,  in  this  way,  the  "griping"  effect  of  purgatives,  at  tl 
same  time  enhancing  their  laxative  elTcct  by  its  own  stimulant  actio 
The  galenic  preiJiiraiions  would  \k  preferred,  to  prolong  the  local  actio 
For  pills.  Extracium  Bclladonnsc,  15  mg.  or  J^  gr.;  for  liquids,  Tr.  ' 
donnc,  0.5  cc.  or  10  minims. 


ATBOPIN 


289 


BEJARY  AND  RENAL  COUC 

Airopin  paralyzes  ihc  innervation  of  the  smooth  muscle  of  the  bile 
duct.*  and  ureters,  and  therefore  relases  the  painful  and  obstructive  spasm 
which  results  from  the  passage  of  calculi  through  these  tubes.  The  vagus 
paralysis  Is  also  useful  in  this  connection  by  preventing  the  dangerous 
cardiac  reflex  which  sometimes  occurs.  The  airopin,  i  mg,,  |^p  gf-t 
is  gi%-en  hvpodermically,  usually  combined  with  morphin,  15  mg.,  >i  gr. 
The  goll-iiadder  is  also  relaxed  (Lieb  and  McWhortcr,  1915). 

Extiifd  UriUr. — Small  do»c&  of  atropin  tnii^  stimulate  the  tone  and  petUtAlIk 
movements.  Stronger  joluljons  (i:  10,00a)  inhibit  them,  lU  also  the  s^mulimt  effects 
of  pllocarpin,  physosliKmiti  and  cholin  (Machl,  iui6), 

DRINAIIY  BLADDER  AND  INCONTIKEHCE  OF  URINE 

Almpjn  Is  employcil  to  tclicve  inii.miinetn-c  ■>(  (Ijc  iirinc.  due  to  tiveraclion  o(  the 
idder  nuacle;  and  retenlion  of  urine  from  ovcraclivily  of  the  vesical  sphim-ter.    The 
etaS*  of  dOMRc  urc  described  by  Ruhiaeh,  Am.  J.  Med-  St.,  February',  igia.     A. 
lamhj  advlats  for  children  ^  gr.  of  Extract  at  night,  increasiDg  il  Mcxeaaxy,  to  flush 
*  e  cheek*. 

Dtine  Flow. — Discordant  results  have  been  described  by  different  invcstigatnn. 
Thvy  arc  summarl^icd  by  Cow.  1012  und  1913.  He  finds  that  atropin  bus  no  effect 
it  the  urine  is  collected  directly  from  the  pelvis  of  the  kidney;  but  that  it  merely  modifies 
the  floiT  thrnugh  the  urelcr,  by  lessening  its  lone, 

DTERUS 

The  effects  of  atropin  correspond  to  its  aclionn  on  the  intectinc:  Small  doses  increase, 
[larKC  do4C»  abolish,  llic  ulrrinc  movements  (Kt'brer.   ii^oS).     Miriimal  ituM'n  abolish 
the  pilocarpin  and  phyiostigmin  spasms.     Even  large  dcjse!i  of  physostigmin  are  in- 
effective after  atropin. 

Atropin  la  DysmenorrhM. — This  was  introduced  by  Drenkham,  iqio,  and  is  advo- 
cated by  Xovok,  1915:  especially  In  the  spoamodic.  colic  type.    The  adminuitration 
is  started  tiro  dajt  before  the  expected  meases,  and  euotinued  for  two  or  three  day* 
'■g  menstruation;  usually  in  doses  of  o.O  mg.  (Hoo  Sr-)  by  mouth,  three  or  more 
(daElr.    ffdrytbroattltcbiiigghin  or  disturbed  accommodation  develop,  tbcdo«age 
I  Rdaccd. 

CDRARE  ACTION 

In  frogs.  Urge  dotes  of  Mrwla  pwrslyte  the  motor  endings  of  stri[wd  muscle  and 
abolish  the  physostigmin  tlnctbfai^,  if  Icr  the  manner  of  curare.     This  effect  would 
\-tuA  occur  mth  doses  which  can  be  used  in  mammals. 

ANODYNE  ACnOK 

The  local  application  of  atropin  dulls,  rather  than  paralyzes,  sensory 
nerves.  It  is  therefore  applied  in  the  form  of  t>elladonna  liniment  or 
plaster,  for  the  relief  of  pain,  especially  neuralgic  and  rheumatic.  Bella- 
donna suppositories  (extract,  0.1  Gm.,  i^  gr.)  are  also  used  in  painful 
hemorrhoids. 

Docinictric  Table. — The  following  (Schmiedeberg)  nuy  be  UsoFul  !n  the  therapeutic 
use  of  atropin: 

Mo.  Ca.  SvMPTOVB 

O-i  to  I     yito  to  Ko  Dryness  in  mouth,  often  with  thirst. 

>  Ho  Pupil  dilated,  not  quite  immobile.     Increase  of 

pubc  rate 
9  to  S       Hd  to  Kl  Headache.     Dysphagia.    Alteration    of    voice. 
Muscular  weakness.     Restlessness. 
7  Ko  Considerable  dilalalion  of  pupils,     Disturbance 

of  virion. 
6  }£  Excitement  anil  muscular  incoArdinatlon  mure 

marked. 
10  \i  Apathy.    Hallucinatioiui  or  dcliriiun.    UocoQ- 

sdousncs*. 
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MANXFAL  OF  PHARUACX1LOCY 
ATROPin  POISOimUG 


Atropin  is  very  readily  absorbed,  somewhat  even  from  ibc  intact 
ftkin,  !>o  that  toxic  symptoms  have  been  observed  (though  rarely)  after  tbcj 
use  of  belladonna  plasters  (Doland,  igo6).     They  occur  rather  commonlj 
in  ophthalmic  use,  through  the  lachrymal  ducts.     Where  the  plant  grows' 
wild,  the  berries  are  often  eaten  by  children. 

Symptoms. — These  set  in  promptly,  but  usuallj'  run  a  long  course; 
lasliiig  five  to  fifteen  hours,  or  even  sevcra-l  dujs  in  fatal  ca»es.  The  first 
to  be  noticed  arc  those  arising  from  dryness  of  the  moulh  and  throat: 
difficulty  of  deglutition  and  articulation,  great  thirst,  a  sense  of  burning 
and  constriction  in  the  throat.  On  the  eyes,  the  dilatation  of  the  pupils, 
impaired  vi»on,  absence  of  reaction  to  light  will  be  noticed.  There  is 
often  nausea  and  sometimes  vomiting.  Excitement,  passing  into  delirium, 
is  a  prominent  feature.  The  delirium  may  be  pleasing,  \rith  spectral 
illusions,  or  anxious  or  furious  (a  gniphic  description  of  the  pusychJc 
experiences  is  given  by  L,  L.  Jepson,  1907).  The  onset  of  the  paraiytic, 
symptoms  is  ushered  in  by  giddiness,  numbness  of  the  limbs,  and  stagger^j 
ing  gait,  and  passes  into  drowsiness  and  stujxir.  The  fuist  is  quic" 
(to  170)  and  small.  The  respiration  is  stertorous,  fast  or  slowed,  Tl 
face  is  flushed  scarlet.  \n  fatal  cases  death  is  preceded  by  coldness  of  the 
extremities,  rapid  and  intermittent  pulse,  ana  deep  coma.  Convulsions 
are  rare.  Glycosuria  is  sometimes  seen  and  may  be  attributed  to  the 
asphyxia.    The  poslmorlem  findings  are  those  of  asphyxia. 

A  fatal  ending  is,  however,  quite  rare  (12  per  cent,).  The  fatal  dose 
of  atropin  is  probably  o.i  Gm.  or  more  for  adults;  o.oi  Gra.  for  children. 
Therapeutically,  children  bear  proportionately  larger  doses  than  adults, 
and  this  holds  also  for  young  animals. 

Recovery  starts  within  two  days,  the  respiration,  pulse  and  pupils  ^ 
returning  gradually  to  normal.  Sometimes  violent  delirious  symptom]  ' 
may  last  for  days,  and  it  has  happened  that  patients  have  been  coni^ignc ' 
to  tlie  insane  asylum  on  a  mistaken  diagnosis. 

\  pM'chic  "slownc^,"  disturbance  of  viiion.  and  «>me  otlicr  lymptonu.  may  pcnllt 
(or  weeks. 

Chronic  Atro^  Poistminc  ha?  been  reporled,  csiwcially  from  ophthalaik  lue  (Tyf* 
rcll,  190O).  However,  ihc  conlinuct!  ue^c  of  mhuII  dtnn  cilabiUha  parlia]  ToUramt* 
to  (he  luiic  action,  but  not  to  Ibc  cilcci^  on  the  vagaa  or  oculomotor  (.\arep  and  Rou- 
bach,  tS8o;  Clw-iui,  1911). 

Treatment  o(  Atropin  Poisoning. — This  is  usually  effective  since  the 
prolonged  course  gives  ample  time  for  interference.  It  resolves  itself 
mto  chemic  neutralization,  prompt  removal,  and  meeting  the  ^ymptomfi. 
The  delirium  is  best  treated  by  the  ice-cap,  the  general  symptoms  by  pilo- 
carpin  (10  mg,,  fg  gr.  hypodermitally.  repeated  until  moulh  is  moist). 
Morphin  (10  mg.)  is  also  indicated  in  the  early  stages,  but  not  after  de- 
pression has  set  in.  The  latter  is  combated  by  tbc  usual  medullary 
stimulants  (coffee,  etc.)  .Vtificial  respiration  should  be  kept  uppcrsist- 
ently,  if  necessary. 

The  effects  on  the  eye  may  be  aboliahcd  by  the  local  application  of 
ph>'Sostigmin. 

Excretiod. — The  greater  part  of  the  atropin  disappears  rapidly  frora 
<;  blood  {Cloclta.  190S).  It  is  excreted  mostly  unchanged,  entirely  by 
urine,  mainly  within  thirty-six  hours. 

TI1C  application  of  a  drop  of  this  fluid  to  the  eye  of  a  cat  is  the  most 

venient  test  for  poisoning.     Mydriasis  occurs  with  a  ^gle  drop  of 


ATBOPTW 


3()r 


i;iso,ooo  MiluUon,  «quival«nl  lo  0.00014,;  n^Z-  oS  atropin.  Of  scopo- 
Umin,  Lhc  minimal  In^'driatic  dose  is  0.00001S5S  me.  (Joachimogtu, 
1915).  The  human  pupil  is  about  equally  sensitive  (Mcuner,  1913). 
The  excretion  is  not  complete,  more  or  less  of  the  atropin  being  de!itroy«l 
ia  the  body. 

A  part  i*  excrcied  as  tmpin  and  as  wioiher  ha-te  (Ficltewirth  and 
HcSlet,  1912).    The  variations  in  this  destruction  and  in  the  rapidity  of 
ext:fetion  explain  the  racial  and  individual  idiosyncrasies  and  acquired 
loJcrance. 

.Atn^  mbu  putrtfaciion  tat  a  lofiK  time,  lad  nuy  be  found  ^  (be  cadaver  even 
■Ub  after  burial. 


(WM^rded  agBliut. 


Caoftuion  with  piomUrofHti  (a  jrulivtetive  «lk«loid)  must   be 

L  RACIAL  AND  ACQUIRED  TOLERANCE 

Jlodents  and  marsuplad-t  are  very  tolerant,  as  n\*o,  to  a  less  extent, 
iK^  goat,  dog,  birds,  and  some  other  animals.  (The  dosage  (or  different 
awiraab  has  been  delerminnl  l)y  \Vin)rrg,  lou.)  The  immunity  is  in 
no  c:isc  complete.  It  is  perhaps  greatest  in  the  case  of  rabbit.s,  and  can 
be  izKteased  by  habituation.  In  rabbits,  it  is  due  mainly  to  dcstmctios  of 
Lh^    atropin  by  the  serum  and  organs. 

XleckcL  18; s,  lound  that  rabbdts  and  Kuiiwa  iw  did  not  only  thrive  for  weehs  on  an 
laaidve  diet  m  atropin .coiiuining  plant*  (SchroB,  iHji),  but  that  (hbi  exdutive  diet 
Id  be  coBtiniied  for  Mveril  xcnmiiunt.  A  furtlicr  lirErcf  of  Immunily  wm  tkua 
•AinA,  M  ihat  (ht  mydriatic  effect  was  imalUr  aod  Ihc  faul  dine  (hypodermlolty) 
'  >^.  The  Scib  of  theie animnb  contained  rclali^Tlyliltlcjiiropin.ul though  thenMat 
*-dnury  rabhiu  pouoned  with  atropin  is  toxic  to  utlicr  an!mii1»  .iiul  man  (Koppe^ 
•tnere,;  Uwin.  iftcu), 

CwM  of  (he  Tokranoe. — TiM,  hai:  bten  in^-Mtigatcd  chiefly  in  rabbit*.    It  it  not 

«l»e     to  defeclii-c  abiorpiJon  or  auperlor  excretion,  (or  the  tolerance  citit*  alio    for 

■*rpo<lennk  injection,  and  after  ligation  of  the  icnnl  vnMli  (Hermann,  1874).     The 

•eticocylic  theory  o(  Colnietle,  i8w.  need  not  be  further  coniidered  since  it  wa*  di*- 

p«o\rcd  by  Hlinrer,  1901.     Tke  <on<ti  aipUnati*u  wa*  furnished  by  FIcischmaRB.  i(|io 

f*^   39>i'     He  louud  that  digestian  ol  ainmia  with  rabbit's  serum  j^adually  WMkened 

•J**«tlvity;  I  c.c.  of  the  tetiun  may  tfaiM  nentroy  0.1  lag.  in  twenty  to  thirty  minutes. 

^y^  *«nnn  of  nun,  dop,  cats  and  rats  dots  not  nnvc  this  action  (except  some  cmwx  of 

bttnutti  goiter;  tKioblin  and  deischmann,  tgij).     Theie  observation!  have  been  fully 

^■'fii'mcd  by  independent  workers,     Cloetta.  1911,  »cd  (.'lark,  191J,  find  Ihat  the  de- 

~**gtion  ii  nko  enectcd  by  emuluont  of  rabbit's  liver.     In  frog*,  the  heart  nnd  kidneys 

~^  have  tUf  elloct.    The  blood  corpusde*  are  not  concerned  In  the  reaction.    Since 

p«  pcoperty  is  itnttroycd  by  heatiu  to  ss*  '*  6o''C.,  i  t  is  probably  due  to  a  fenneni, 

.°'^cd  la  toe  liver  (Metxner,  1911;  Clark).    Docblin  nnd  Flaichmann,  1915.  find  that 

<t  bo*  the  characters  of  the  albumin  traction.     Metxner  bclicvea  that  there  Is  a  clrav- 

^^  of  trcodc  add  and  tropin,  which  may  recombine  on  vcrv  prolonged  standing. 

■^"•■latfOplB  and  Kopoiomin  ore  alto  destroyed  (Doeblin  and  Fwiichniann).    l-'leiiwJi* 

JJJUJB  lound  that  the  destructive  power  vanes  srcady  in  different  mbbits,  bdn«  prac- 

~^IIy  abKnt  in  some;  he  attributed  this  to  goiter.     MctzneranillledinKer,  1911,  con- 

F^ad  the  nriatioo,  but  showed  that  it  bears  no  relation  to  the  thyroid:  nor  doet  the 

^jec  tinn  «f  ihtToad  confer  a  destructive  power  for  atropin  when  this  is  deficient.    Heflter 

*^  nckcwifth,  lot  *  find  that  the  tolerance  of  rabbits  to  rapid  intravenotM  Injection  Is 

Wulvdv  uuU,  tince  this  don  not  permit  lime  for  the  destruction.     The  rapid  ixuiaKe 

>*  atropin  a«t  of  the  blood  iadicatn  llut  its  destruction  must  take  i)lace  mainly  in  the 

w«ie»  <liTtij. 

CaoM  of  Habttaadon;  Excretion  In  Animals. — Uloetta,  191 1,  found  that  non-habit< 

■•tal  abblti  excrete  is  to  10  per  cent,  of  the  atropin,  the  excretion  bring  completed 

atao  tolhtce  days.     (Fickcwirth  jind  lIcSlci  And  Ihjit  the  total  excrrljon  of  all  tuwca 

*  aNHit  so  ner  cent.  r4  thr  administered  [[uanlily.)     After  immuniiullon,  the  eure- 

*^tiC(M(ileteinane  day.  and  as  little  or  noiie  can  be  found  in  the  tissues,  it  appears 

^  (ha  rtpidity  of  dc»lruction  and  excretion  has  been  increased.     The  destructive 

(■Wcf  tlwKrvm,  however,  is  not  raised  (Doeblin  and  Fletschmann).     Normal  cats 

BOitt  "try  Uide  u(  the  atropin;  but  by  habituation,  the  excretion  is  markedly  raised. 
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whikit  the  capadly  for  destruction  b  not  incrca*ccl.  With  ihrae  thetdOK  tbe  loter- 
ance  Is  dut  mitlnly  i»  ilic  ucquired  apcccl  of  excretion.  Dogs  excrete  kbout  one-tlvd 
of  the  airopiu,  withia  two  daji  (Wiechowski,  1901). 


HYOSCYAMIN 

Actions  and  Uses.— This  is  the  levo-isomer  of  the  raccmic  alropto. 
CuBhiiy,  igo3,  compared  these  two  alkaloids  and  the  dextro-isomcr.  He 
fiiid^  that  the  peripheral  actions  on  the  iris,  cardiac  vagus  and  glands  ore 
12  to  18  limes  as  strong  with  the  I.-isomcr  (ordinary  hyoscyamin)  than  with 
the  d.-;  and  about  twice  as  strong  as  with  atropin.  Hyoscj-amin,  therefore, 
has  some  advantage  when  the  peripheral  effects  are  desired,  espedaQy 
in  ophthalmic  work.  Internally,  it  has  do  advantage.  All  ihe  uomers 
act  praclicully  alike  un  the  central  nervous  s>'5tcm  of  mammals.  The 
d.-  has  a  greater  elimulant  effect  on  the  spinal  cord  of  frogs. 


PROTOCATECHYL  TROPEIIf 

This  has  been  invextignted  by  ManJuUI,  toto.  It  pirdyxet  the  vsgus  endliic>>  I 
B  l«M  powerful  thjin  atropin  or  cs'cn  bom-'klroinn.  It  producoucuniirelTecioa  striped 
muscle  uaiii  tcmporkrycenlral  jKiralyHii  of  res[uration.  There  b  oIm  mi  indepeiMcnt 
fndiml  (all  of  bJiMd  prctmre. 

PREPA«,\T10KS — ATSOPTN   i;KOtTP 

MrnpiM,  U.S.P.,  B.P.;  C„H,»NO,.— The  alltnlrad  obtained  from  BeUadoiUM  uA 
otIicT  pluDts  of  the  Suknacrjc  family.  Slightly  sol.  in  water  (1  :  455):  freely  »oL 
in  tdc.  (1 :  a);  mI.  in  fat  lotveDls  and  oils.  Dote,  0.5  mg.,  \int  gr.,  O^P.;  OlJ  In 
oA  tag;  J^oo  •<>  Hoc  If-  U.P. 

'AtropiM  S«lpk.ii  Wtnp.  SuJph.),  U.S.P.,  B.P.  {C„H„XO»),.H^04  +  H/X— 
White  crytUUinc  povfdcr;  odorim.  Very  sol.  in  wnler  (i»_tJ;  fredy  sol.  ta  tic. 
(i:j)  or  glyc.  (m-s).  iHtomp'ilibtt  with  alkalies  taonJo  and  mercuric  salti. 
.Atiopin  Kilutioni  deteriorate  rather  rapidly;  «  1:1.000  soluiiati  laaing  conridcraUy 
In  activity  within  ihrec  dnyi  (I.  Simao,  19' j)-  Stcrilixcd  solution*  in  ampoule*,  1k>w- 
ever,  onmstve  iheir  full  ai:ilvlty  at  least  four  ui^ck»  (Joachimoilu,  1915).  Dmt,  a>j 
■"S-f  rf)0  S'--  tJ-^-l'-i  o-i  <"  0.6  log.,  ^$011  to  ,'ilau  iC'->U'f*    Uanmum  doM,j 

l^m  Alrop..  B.P.— o^ij  mg.,  H-OOO  K'-.  B.P. 

Liq  Alref,  Sulph.,  B.P. — i  per  cent.     Dose,  0.03  to  o>o6  c.c.,  H  to  1  minim, 

Vnf.  Alr«p.,  B.P. — 1  per  tent, 

HyoicyamiK.  H^rofrr.,  U.S.P.;  CiiH„NOi.HBr.— Slronjly  le\'orotar>'.    V) 
in  Wilier;  fr«ly  aol.  in  ale.     (i  :  a.j).     Doje,  0.3  tag,.,  Koo £''■ 

Byoscyamin.  Sulpk.,  B.P.;  (Ci(n,iNO0j.II,SOi  +  jIIjO.— Ver>-  iwL  in  w»«t 
(1  :  o.j).    Pint,  0.3  to  0.6  mg.,  >voo  to  Hoo  S'-i  B-P- 

Bdladenint  t'lilia,  U.S.P.,  B.P.;  Bcll«donnii  Leaves  (Deadly  NighUhadel.—tV 
dried  leaves  and  to[«  of  .Xtropa  ItclladoruuL  yielding  not  lot  than  0.3  per  cent.  •! 
mydriatic  nlkoJoids.     Dost,  a.od  Gm.,  i  xr.,  it.S.P.     MsxIriuri  doM,  0.3  Cm.,  j  «, 

BdlcJimna  Kadii,  V.^.l'.,  B.P.i  Belbdonnt  Root.— The  dried  toot  of  Atropa  Bclk- 
donna,  yiddiiiK  not  Ic^s  than  0.4;  per  cent,  oi  mydriatic  alkaJcads.    Dtrtt,  o^s  Gm^ 

H  P:   U.S.  P. 

•Emp.  Hrlliui..  U.S.P.:  HcUadonna  Plaster.— JO  per  ccDt.  of  Ext.  Belbd.  P<>L;o.jR 
per  ceiil.  of  alkaJuid!!. 

•F.mp.  BtUai^  B.P.— Prcpsred  from  Liq.  EiL  Bcllail.  Root,  o.ij  per  eent.  of 
alluiloitio. 

'Ext.  BtlUd.  Fol..  U.S.P. — I  Gm.  represents  4  Gm.  of  Icares,  t.»s  P*r  ccnL  of  alki- 
loldji.  Otcunin  both  pilular  and  powdered  form.  Dose,  15  dig.,  Hs^-i^-^'P-  Ka*)' 
mum  dote,  to  ing.,  ^  gr. 

*Exl.  Bmad-FiH.,  B.P.—i  per  cent.  o(  atkaloidn  of  leaf .  Our,  16  to  Ao  mg.,  M  lo 
I  gf ..  B.P. 
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FUe»t,  Bdind.  Rod.,  VS.V.-^.4i  pec  ccol.  of  nJluloid*.  Dott,  o«s  c.c»  1  miiiiiii, 
V.S.P. 

ExI.  Btiiad.  Lig..  B.P. — a.75  p«r  cent,  of  alkuloids  of  the  root. 

Lin.  BdlaJ,  U.S.P,— nd«l,  Bellnd-Fol..  with  j  pec  cent,  ai  Cftinphor. 

Lin,  Bittad;  B.P.— ;o  per  cent,  of  Li().  E;it.  Bcllad.  (root) ;  j  pvr  cent.  o[  Camphor. 

*Tr.  BtOad,  Fol.,  O.S.I', — to  pec  ccni.  of  the  leuvoi,  o.oj  per  cent,  of  slkAToids, 
JiMt,  0.7s  c.e.,  13  minims,  U.S.P.     Maicimum  do9«,  1  c.c..  is  miBims. 

'Tr.  Btiiad.,  B.P.— 10  per  cenl,  of  leaves,  0,035  pec  cent,  olkaloids.  />ojc,  o.j  In 
I  ex..,  s  to  t5  mimms,  B.P. 

Suf^.  ItfUiiJ.,  B.P.^i  mg.  of  the  allcaloids  of  the  root. 

'I'tii.  BeUad..  U.S. P.— 10  per  «nt.  of   Ext.   Bellad.  Fol.,  o-uj  pec  cent,  of  the 

'Unt-  BtOad.,  B.P. — 0.0  pec  cent,  of  the  ajktilofd*  of  the  root. 

Datura  Folia,  B.P. — 'Die  dried  lcHvr«  of  Uiitura  fastuosa  and  Metd. 

Datur.  Sim..  B.P.— The  ^eeds  of  Datum  tastuosn. 

TV.  Dalar,  Srm..  B.P. —  35  per  1"  en  I.     Dvit.  o,.t  to  I  c.c.g  l"  15  minimB.  B.P. 

Hyaicyamus,  U.S.P.;  Hyoscy.  t'lA.,  B.P,— ^Thc  dciej  leuvrs  and  tops  of  Ilyotcyamut 
niger,  )'ielding  not  leu  than  0.0(15  P'^''  cent,  of  aIiEBloid».  chiefly  hynscyuinin,  willi  somv 
atTopia  and  scopuUmin.  Dtat,  0.2$  Cm.,  4  gr.,  U.$.P.  Maxtmum  doso,  0.4  Gm., 
6  gc. 

£if.  Byaicy.,  U.S.P. — .\  pilulnr  extract,  i  Gm.  Tepietenllng  4  Cm.  of  druj!,  0.15 
pet  ccat.  of  alkaloids.     Doir,o.ob  Gm,,  t  gr,,  U.S.P.     Ma.timuai  dose,  0.1  Gm.,  j  gr. 

£1*.  Ityascy.,  B.P. — A  dcy  exlcact,  with  0.3  pec  cent,  of  alkaloids  Dese,  0.11  to 
0.5  Gni.,  I  to  ^gr. 

Fld/tt.  Hyouy.,  U.S.P. — ^.\bout  0.065  I'*'''  cent-  of  alkaloids.  Umt,  0.1  c.c.  3  min- 
im*. U.S.P. 

'Timtura  Hyoscyamt  (Tr.  Ilyoicy.).  U.S.P.,  B.P.— 10  per  cent.  Misdblc  with 
water  or  ale  Dinr,  )  c.c.,  30  minims,  U.S.P.;  *  to  4  C-c,  H  to  i  dniB,  BJ*.  Man* 
mum  dote,  4  c.c,  1  drani. 

'Stramonium,  U.S.P.:  Slramon.  Fol.,  B.P.;  StTAtnanitim  [IaRic<ilown  Weed,  Jiiti* 
•on  WecdJ. — The  dried  leaves  of  Datura  Slramoniuin  {alio  Datura  Tatula.  U.S.P.). 
CoBtaisi  not  leis  tbun  o.;;  per  cent,  of  alk^oids,  chieSy  hyoscynmin,  witli  lomc  utco- 
|>ifi  and  KOpolamin.    Dost.Q.Q(>  Cm..  1  a'..  U.S.P.     Maximum  dose.  0.3  Cm.,  s  ar. 

Rxt. StramoH.,  U.S.P. — .\  pilulor  or  pow<ler«d  extract,  1  Gm.  repracnting  4  Gm.  of 
drug.  I  [ler  cent,  of  .'Uktiloida.     Dasf.  10  mg.,  )^  gr.,  U.SJ". 

tr.  Slroman.,  U.S.P.^io  per  cent.    Dott.  0.5  ct,  8  minims,  U.S.P. 

Tr.  StrampH.,  B,P. — 10  per  cent.     Date.  0.5  tn  i  c.c,  J  to  15  minim*,  BJ. 

Un[.  Slram«n,  U.S.P.— 10  per  reni,  of  the  exiracl. 


SCOPOLAMIN  OR  HYOSCIN 


General  Statement. — The  cotnmercial  sumples  of  scopolamin  (<i1k> 
called  hyoAcin)  are  usually  indefinite,  and  often  rather  impure  mi-Tlurcs  of 
two  isomeric  alkaloids  (iropclc  cstcis  of  oscin,  sec  p.  iTj):  scopolamin 
proper  (levorolarv,  15.75  Ji  and  alroscin  (optically  inactive).  They 
occur  in  the  various  atropin-containing  plants,  but  are  now  prepared 
nuunly  front  Scopola,  The  U.S.P.  now  specifics  the  optically  active 
alkaloid,  i.e.,  sropokmin  proper. 

The  peripheral  actions  of  scopolamin  agree  qualitatively  with  those  of 
MJOpm;  but  there  arc  quantativc  differences;  for  instance,  the  actions 
oa  tne  oculomotor  and  secretions  arc  stroogn,  whilst  the  vagus  action  i& 
itiUUvely  weak. 

Tlie  central  actions  differ  qualitatively;  scopolamin  being  mainly 
stdilive,  in  all  doses;  whilst  moderate  <loses  of  atropin  arc  excitant. 
Hwevo,  there  are  great  individual  variations  in  the  response  to  scojKila- 
tBD, and, therefore,  In  its  loxilicy.  The  variable  loxicily  is  due  mainly  to 
idiosyocrasy,  for  it  occurs  with  the  purest  samples;  although  the  uncertain 
cgaiposition  of  the  commercial  sampler  probably  plays  a  part. 
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MANUAL  OP  PIIARIIACOLOOY 


Chemic  Differences  in  Scopolamin. — It  la  often  tilAled  that  there 
arc  spftiiic  dificrcntts  in  the  cflfcts  according  to  the  origin  o(  the 
alk.iloii1»;  and  that  "hyoscin"  derived  from  hyo»c)'aiiius  is  ihera- 
pfutically  supLTior  to  the  "  scopolamin  "  of  Scopola.  No  such  difference 
can  exist  if  the  pure  alkaloids  are  employed;  for  llie^e  are  identical,  what- 
ever their  source  (E.  Schmidt,  1893  and  1894).  Impure  mixtures  doubt- 
less produce  different  effects,  but  impurities  are  quite  as  likely  lo  l>c  pres- 
ent if  ihf  alkaloid  is  prepared  from  hyoscyamus.  A  purified  "scopolamin" 
is  much  more  reliahle  than  an  impure  "hyoadn."  Moreover,  there  is  no 
way  of  determining  from  which  plant  the  alkaloid  has  been  prepared. 
J.A.M.A.,  1Q07,  49:  2ios).  It  is,  therefore,  useless  to  m&kc  this  distinc- 
tion between  "scopolamin"  and  "hyoscin." 

Apoatropb  (CiHnNOi,  D.ho  chUciI  brllii^oniiln  oraUopwdlO' waademoRilraledlii 
a  comnuTLial  sample  by  Kobctt.  190J,  -ind  hns  bt^cn  held  respODnblo  (or  Ibe  ocCMiooa] 
toxic  eficcts.  This  is  improbable.  Itisu  rate  impurity  <Kionka,  lOoS)  audits  prcucncc 
iscnsily  iihown,  by  reUuclioti  (brown  cotor)  •>»  adaingu  fewdrtiptof  penii«ngaiialc»ulti- 
tioD  (KcssfI,  1906).  It  exists  prefurmed  in  thr  plunlt  und  may  be  derived  chemicaUy 
from  ntropin  by  the  fibsltnclinn  of  one  mutcculc  ai  wnlcr.  It  ciiuxca,  in  rabbit*.  ■  rtie 
ot  blood  pressure,  puraJy^is  u(  cardiuc  vugus  endings,  central  (.'xcitatioa,  and  death  vrltfa 
relatively  small  dci*es,  by  paralj-^U  of  respiration.  The  oculomotor  tmil  iteeictmy 
codings  nre  not  purjilvfcd  (Mdrimriii,  1AK5;  Kobeii,  1905}. 

Deterioration  of  Solutions. — This  bus  bi-eii  suggested  a^  a  cause  lor  idioiyocrasy  (/.>., 
by  Gausi,  1007;  l.nnRer.  igu  and  Sachs.  IQIJ);  but  according  to  the  9*«miogIy  man 
reliable  eipctinicviit  ••(  KiunkR,  tgaif;  WilUtaller  and  Hug,  191 :;  and  Beck,  1914;  tke 
(oluliuiiE  keep  uncbuiuced  iiideiinitety,  ut  least  iu  sealed  um|)oule». 

Phumacologic  Differences  between  Scopolamin  and  Atrosda. — 
These  play  an  important  part  iii  the  peripheral  actions,  but  not  in  the 
more  important  central  effects.  Cushny  and  Peebles,  1905,  fotind  that 
the  I.- and  i.- alkaloids  act  alike  on  the  central  nervous  sj-stcto  in  mammals, 
and  on  the  motor  endings;  but  thai  the  Icft-alkaloid  (scopolamin)  i»  twice 
as  active  on  the  salivary  and  vagus  endings  as  the  raccmic  atioscin. 

Thin  ha'i  been  confirmed,  also  for  the  pupil,  by  Hug,  190.  KOoigsddrfer.  11(96, 
claims  lliHt  tliiTu  h  no  ihtTi'rriii'o  in  tlie  pupil  action.  Cloetta,  1913,  contciMa  that 
the  rai:emic  is  less  toxic  than  the  1-.  in  miin.  but  without  good  oviocnCC  (Cuahny,  1911). 
Smith,  1915,  found  the  fatal  dose  the  utmc  for  mice 

Psychic  Actions. — In  man,  doses  of  i  to  3  mg.  {}4o  to  Ho  gf-)  gea— 
erally  produci:  within  ten  or  fifteen  minutes,  fatigue,  drowsiness,  and 
natural,  dreamless  sleep,  lasting  several  hours.    The  response,  howevt 
is  variable.     In  some  the  sleep  is  prc<rcdcd  by  hallucinations,  which 
be  rather  pleasant  with  small  doses,  but  which  become  violent  if  the  A 
is  increased.     Animals  are  also  affecled  differently  by  scopolamin  (K 
mann,  191^). 

Doii  react  similarly  to  man:  very  small  doses  produce  llcep  and  halluana. 
l*rgcrito«esc«u«c mure  inurked  hn11ucination9ii&dmtlnsncn,Htaxi:i. andoflea 
The  excitability  of  the  motor  itfcit  i*  liid  to  be  lowered  {Sohit,  1HR6;  Kunn, 
Narcofiit  it  practically  absonl  in  fuAfciti.     Frats  show  a  central  abolitjoa  at 
(Wowl.  iJSjJ.  preceded  by  more  eitcniive  ^preudin^■  of  the  rcflexei  (Kochmuii 

Th»r*~»iHc  Use  of  Sedative  and  Hypootic  Action.— Scijpol^^ 

ly  in  acute  maniacal  exatement,  delirium  uem^^^j^  i 

ivantages  ovtr  morphin,  by  quieting  the  reflt;^^»ji,, 

'inations;  and  over  chloral,  in  that  it  does  ni^   >rM  sad'i 
On  the  other  hand,  it  produces  the  unpfc^*  UiuaSy  J 
cloplegia,  and  excessive  drvnessLfomeiimet   "^m  sidr 
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iTrmors;  and  occasioiully  ^rious  delirium  (theUlterissuid  tobcpiomplly 

cuotToUcd  by  small  doses  of  morpbin).    llie  ihcrapcuUc  dose  Ues  much 

Uiow  the  ordinary  fatiU  dose;  but  small  do«eK  (0.3  to  0,75  mg.;  >^oo  ^ 

Ml  gr.)  have  produced  serious  poisoning,  with  cardiac  and  respiratory 

coUapae.    On  tlie  oth«r  hand,  ^f  0  and  even  %  gr.  (6.5  and  30  mg.)  have 

Wn  taken  without  ill  eSccts.     Insane  patients  generally  seem  to  he 

Utrant,  so  that  the  effective  doses  (i  to  3  mg.;  ^-qq  lo  Ho  S^-)  ^'^^y  l>c 

fivcn;  witli  ordinar>'  individuals  it  is  not  safe  to  exceed  0.5  mg.  (Hao  g''-)i 

npeating  this  smaller  dose  every  six  to  eiRht  hours,  if  necessary;  and  it 

*ouJd  be  safer  to  use  this  dos;»gc  al*o  for  the  insiine.     Smaller  dwes  (0.3 

"JK-;  J^oo  gr-)  nwy  be  used  to  enhance  the  h>'pnotic  effect  of  morphia. 

The  use  in  ^rug  oddUiona  has  been  described  under  "Monihin." 

He^intioo  iDd  CircuUtiOQ. — ^Therapeutic  doses  ordinarily  do  not 

produce  any  important  effects  (Kochmann,  190^).    Tlie  respiration  is 

pi'a.ctkally  unchanged.     The  pulse  may  be  unchanged  or  considerably 

sJowred  (centra)  vagus  stimulation).    The  blood  pressure  shows  no  change, 

Or   A^ih  somewhat  larger  doses,  a  moderate  rise  (stimulation  of  vjusomolor 

c«raTff),    Toxic  doses  depress  the  respiration,  the  heart,  and  the  blood 

pr^sssure.     With  faUil  rlo^es,  the  respiration  stops  before  the  heart. 

"The  Eye. — The  effects  of  scopolamin  correspond  qualitatively  with 
t.n*agc  of  atropin.  They  are  produced  more  quickly  and  by  doses  only 
**'*^^-6/lh  or  one-tenth  a«  large  (Joachiraoglu,  1915),  but  are  not  quite 
^*  Isetiog.  The  intraocular  pressure  is  less  affected  (Bollet  and  Curtil, 
*  9  K  a).  It  is  less  irritant  tlian  atropin,  and  patienLs  who  have  an  idiosyn- 
^f'^^y  against  atropin  can  often  tolerate  scopolamin.  It  is  used  like  atropin 
Cafjtjg^  etc.,  0.1  pet  cent.;  cycloplegic,  0.2  per  cent.)- 

Ibe  secretion  of  saliva,  sweat,  mucus,  etc.,  is  paralyzed  by  therapeutic 
^**^K^  of  scopolamin,  more  actively  llian  by  atropin. 

The  eflecti  on  the  intestine  corrc^^pond  to  those  of  atropin.    The 
**c^sed  uterus  b  stimulated  {Kehrer,  1907;  Barbour  and  Copcnhas-er, 

ScOfKriomtn   Poisoning. — ^The   sj'mptoms  resemble   those  of  atropin 

poisoning,  except  for  the  early  tendency  10  sleep,  coma,  collapse,  and 

^c    lesser  cftcct  on  the  pulse  rate  (Details,  Seifcrl.  Nebenwirk.,  1915,  p. 

^7)-      The  treatment  would  be  as  for  atropin.    The  excretion  occurs  by 

"w=  urine. 

ScopoUniin-morphtn  Narcosis. — The  combination  of  the  two  alka- 
wid)*  rcnuUs  in  a  def(>cf  rureosis  than  would  correspond  to  the  simple 
*^ition  of  the  effects  of  the  individual  alkaloid  (" |>otentiated  syner- 
P*»»» ;'"  Madelung,  1910;  Buergi,  iqio;  Kochmann,  1913).  Complete 
^•Wical  anesthesia  may  thus  be  obtained,  permitting  of  major  operations 
J«H«iderlin,  1900;  Korff,  1901  to  1901;  Bios,  1901).  Smaller  doses  pro- 
'"oe  Bittftial  anesthesLi  (" Seminarcosis,"  "twilight  sleep"  6r  "Dfimmer- 
''^la.f,'  Gauss,  1906  and  1907)  which  has  been  u^cd  in  obstetrics.  Still 
"bkJIct  dooe*  quiet  the  patient,  and  may  be  employed  to  facilitate  the 
'dminlstratton  of  tlic  c»xlinaT>-  inhaUtion  anesthetics. 

S<xt^«min  aikmc  b  nat  narcoUc  (for  niMiiU  or  mloc),  even  la  luxe  do«ts:  nor  4oc* 

U  mmioUi  Um  oononlratkia  of  ether  or  chloroforiB  required  for  light  saMUMla;  but 

K  Anet  poaii  a  deep  aneiihwa  with  relatively  lower  eoncentratioDS.    It  alao  deepens 

u*  MX»p>i«  njucMU.    Tbfl  two  alkaloids  tmtA  toftfther  produce  >  deeper  uicfthcH* 

1M1  a  pvta  canccniration  of  iiUiohitioB  uiatketic  (Ludewig.  tat3).    tuehner,  loij. 

WMyiiMtwt  tbf  pgtcntliiHiQ  m«y  be  due  to  lappfesuon  of  lac  glandular  iccrelioo 

ol  nncrbiii,  tUi  inMrini  a  liui^r  rtleiUlon. 


MANTTAI.  OF  PHARMACOLOGY 


The  advantages  of  exclusive  scopolamin-morphin  anesthesLi,  as  com- 
pared  with  ether  or  gas,  are  rather  minor,  while  the  disadvantages  are 
very  serious  (see  Hatcher,  J_\.M,A.,  1910,  liv,  p.  446;  H.  C,  Wood,  Jr., 
J.A.M.A.,  1906,  xii,  p.  546;  Bevan,  ib.,  1015,  05 :  i4tS;  M.  Kochmann, 
1903;  A.  Mayor,  190S).  The  combination  increases  not  only  the  narcotic 
action,  but  also  the  depression  of  resjdration  and  circulation;  and  thLs  in  a 
vciy  irregular  degree.  The  susceptibility  varies  so  much  that  the  surgical 
anesthesia  is  often  incomplete  and  must  be  supplemented  by  ether;  and 
on  the  other  hand,  serious  accidents  and  fatatiliL-s  are  alarmingly  frequent. 
The  anestliesia  can  not  be  modiBed  to  suit  the  needs  of  the  moment. 
Delirium,  sometimes  serious,  is  not  uncommon.  The  obstetric  anesthesia 
is  especially  dangerous  to  the  child,  owing  to  the  great  susceptibility  to 
morphin.  In  non-fatal  cases,  the  child  may  show  somnolence  and  defi- 
cient respiration  for  days  after  delivery  (Jung,  1914).  ITic  use  of  scopo- 
lamin-morphin anesthesia  is  justified  (if  at  ail)  only  in  specially  eauippcd 
institutions,  and  not  in  private  practice,  or  even  in  ordinary  hospitals. 

The  smaller  doses  used  preliminary  to  anesthesia  would  alone  appear 
justifiable:  and  even  these  may  cause  marked  fall  of  blood  pressure  (A, 
Mayor,  1908),  Chloroform  is  especially  dangerous  (W,  Straub,  1913). 
Bevan,  191  s,  believes  that  the  use  of  the  alkaloids  in  ordinary  doses 
(morphin,  J-:J  gr,;  scopolamin.  I50  KT-)  adds  distinctly  to  the  risks  of 
chloroform,  ether  or  gas  or  local  or  spinal  anesthesia,  more  than  nior|)hin 
alone;  and  that  it  has  been  responsible  for  many  deaths,  cspccLally  by 
masking  the  danger  signals.  It  also  increases  the  percentage  of  vomiting 
and  of  bladder  paresis,  and  reduces  immunity. 

Scopolamin -morphb)  S]mer|jsnt. — QuiiaUtntivc  experiment*  vcre  made 
M.  I.  Smith,  igi;.  In  froRs,  scopolamm  is  dircclly  dcprtiMnt,  but  incT«u«« 
cxcitaiit  and  canvuljjtnt  cffi^cts  of  momlim;  while  morphin  doei  not  grckUy  incrcue 
the  pstnlylic  effect  of  »copol&inln.  Tnc  faliil  effect  on  froit»  &nd  mic«  h  tdnple 
summation  with  morphin  and  I.-  seopoUmin;  slijjht  potenliatlun  with  i.-  scopolxmu). 
The  perfused  frog  licart  gi\cs  potentialion  of  the  lieprewiBnt  aclton. 

DosAje  for  Surgicat  Anesthesia. — X^  3,  pn-limiuftry  to  inhalation  ane^ifania, 
Korff  injects  hypodermicatly  a  mixture  ofo.jmR.,  V(ooSr'.*f*cot*'''''""°''y'*"''"^''*'*l. 
and  10  mg.,  i%  gr.,  of  morphin  hydrochlorid,  one  nnd  nne-holf  hourt  before  Ihe 
optralion,  snd  repents  the  fAwe  quantity  an  hour  later.  If  the  »copo1amIit-iBOtpliia 
Is  to  be  the  chief  nnestheiic,  lo  be  merely  *upp!cmcnied  by  eiher  il  necnaary,  be 
precedes  these  injections  by  itnolher.  of  the  snmc  size,  two  and  onc4ia)f  hours  bcron 
the  opetRtion.  The  IoIh)  Josh)^  would  therefore  be  i.i  mg.,  ^0  gr.,  icopolamla;  and 
30  tng.,  ^  ("r..  morphin. 

Results  of  ScopoUmin-morphin  Seminarcosis  io  Obstetrics. — The  iniroductloa  e( 
the  "tnilittbt  »lecp."  intended  to  dcpri\-e  labor  ut  its  terrun,  bus  led  to  mucbtUKm>Ma 
and  diversity  of  opinion.     lis  advocates  do  not  ekirn  that  it  aboliihei  Mia,  but  they 
aiscrt  thnt  it  succeHrully  removes  the  memory  of  ihe  experience,  in  the  majority  M 
catcK,  ftnil  with  practically  no  danger  to  mother  or  child;  provided  it  i«  used  by  experi- 
enced operator^  under  emctly  prescribed  condiiioni.  and  with  proptr  douge.     TSe 
experience  of  independent  observers  hnt  b«-n  contradictory,  but  by  no  iBcant  m  (svoi^ 
able.     The  corly  failures  mjiy  be  ^i(lribut;iblc  lo  exceisive  doaes  of  morpUa  or  oOnn 
fauJts  of  technii:;  but  this  criticism  can  not  apply  to  the  later  compHcalioM.    Tte' 
Mriaiu  objections  are:  prolonged  labor  (averaging  three  lo  four  hoiin);  fraqoeaitir 
4ttayt4  rcsplrkliun  of  child,  Minetimts  rtiquirinj!  vigorous  measures;  latgee  BimlwT  tt 
ffiu  ai'phyxius:  exeeisive  thirst  and  intense  headaches;  difficult  control  of  paticMtS 
with  chance  of  infection;   more   fieijucnt   poslpnrtHin   heRiorthMe;   Murred   vEsIob; 
{hattly  deliriiuna  persislinx  for  lone  tim«i  dinicull  recounilionof  onsetof  Mcood  sta^: 
■nulinx  of  early  symptoms  of  acddents;  failure  of  ntinrosJE  in  one-*evcnth  to  oae-thuij 

I  the  cues  and  uncertainly  of  the  wiiolc  ttciilmcnt  (Haer,  i^ij;  Libby,  191  j). 
Effects  on  Uterus. — .Morphin  and  scopoUmin  aliuhtly  increase  the  tone  of  the  tx- 

JMd   utcru4,   u-iihout  syncrgi^'m   or  nnIn);oni>.m   (Barbour  and   Copcnhavcr,    igij). 

a  Hiic'lhTliied  animals,  Iherc  is  Utile  effect  of  any  kind  (Barbour,  loij).    The  dukal 

day  of  IdlNtf  it  therefore  probably  ccccbnil  (narcotic). 


397 

DaMC«  for  Twilight  Sleep.— The  minutely  defined  tecluuc  can  not  be  d»cribcd  her* 
with  hufHcicnl  detail  In  be  useful.  The  rmdcr  it  rRrcTTed  lo  the  oriKinal  ailit'lrt,  of 
text-books  of  obBtotricf.  Tlicy  involvi^  p.^inslakJnt*  exclution  of  noise,  light  nnd  all 
CTdtant  factors — apparently  the  tociperntioti  of  suggestion  is  r.M*ntial.  The  iliugs 
ore  not  slxned  until  the  regular  pains  occur,  prfha|»  every  four  to  five  minutes  and 
iMlinK  half  a  minute.  The  first  injection  is  of  0,008  to  0.0:5  ""S-  of  morphin  nn<l  0,45 
■ng.  M  •O0po!amin  hydrobiom.  The  I'leiburg  school  proFcni  nitrrophin.  ,to  RiR..  to  Ihe 
norphin.bul  thitiaimmateri^.  'fhe  murjihin  or  narcophin  mu&lnol  be  repealed.  Th« 
scaixilaniiii,  tiawever,  U  repeated:  first  in  three-auarters  of  an  hour  niih  0.45  ma.,  then 
every  one  and  ooe-iialf  hoius  wilh  o.j  mg.,  until  anamncsia  (Ion*  of  nieaiofy)  Ib  »ufll- 
drally  advannd.  This  is  tested  ever>'  half  hour.  Whun  5ui;ce*iful,  the  patni  arc  fully 
fdt,  but  promptly  forp>tt«n.  The  patient  is  rather  diawsy;  tiic  heart  ilighlly  quick- 
encd  (the  »lnip)ilicd  tcchnic  h  described  by  Sicgcl,  11114). 

PIlKPAIt,\TIONS — SCOFOLAUIN 

*S<tifioliimina  U  ydttibtomidam  (.Scopolamio.  Hydrobrom.),  U.S.  P.;  Uyesdn. 
Jtydrofvom.,  B.I'.;  Ciill!i\'0,.HBr  +■  ^H-O. — ,\n  alkaloid  obtained  from  various  ptanU 
of  the  SolanaiTx.  The  U.S. P.  specifics  the  levuiotary  iwmcf  (it'lo  iT-s").  ColorlcM 
crystals.  Kxwly  sol,  in  water  (::i.s);  sol.  in  a!c.  (1:  :o).  Dose,  o.j  mg.,  }^oo  gr., 
U5.P.;  0.3  lo  0.6  laS;  Hoo  *"  Koo  8'--  ^-P-     Maximum  doic,  0.6  rag.,  Hoo  S'- 


PILOCARPUS 

Genenl  Statement. — Pilocurpin,  the  principal  alkaloid  of  jaborandi 
leaves  (Pilocarpus),  stimulates  those  peripheral  simcttires  which  are 
panily/cd  Ijy  atropin.  It  therefore  increases  the  secretions,  augments 
the  gastro-intestinai  movements,  constricts  the  pupils,  etc.  The  stimula- 
lion  of  Uiese  functions  persists  even  with  large  closes.  The  vagus,  how- 
ever, is  first  stimulated,  then  depressed.  All  of  these  atitonomic  actions 
are  purely  peripheral  (on  the  myoneural  jitncUon).  The  central  cSects 
of  pilocarpin  are  unimportajit. 

Pilocarpin  is  used  as  a  miotic,  but  especially  as  a  diaphoretic;  iti  this 
respect  it  surpasses  all  other  drugs.  Pulmonary  disease  enjoins  caution  in 
its  use,  to  guard  against  fatal  pulmonary  edema. 

The  stimulant  effects  of  pilocarpin  arc  easily  inhibited  by  atropin. 
Conversely,  pilocarpin  removes  the  depressant  effects  of  small  doses  of 
ntropin,  hut  is  inefTcctivc  against  larger  doses. 

Othvr  Jaboraodi  Alkaloids. — I'ilocarpus  contains  two  other  alkaloids;  vis.,  isopilo- 
CAfpia  and  pilucaipldiri.  Th»e  differ  merely  in  the  slrcnglh  of  their  action,  pilocarpin 
being  by  far  the  ttrongc^l,  naii  jjtlocarjiidin  the  wcnkc*.t.  It  wnt  formerly  believed 
that  pilorarput  cunlaiiiv'J  another  alkaluid.  pborin,  u-ilh  atropin  actions.  This  view 
bas  btta  shown  to  be  erroneoui  (Jowett,  igoo  and  igoj:  Marshall.  1904). 

Ara«lin,  the  nlknloid  fl  ■\ri'ca  or  Relrl  nut,  Is  ctoMly  related  to  pilocarpin  in  its 
a«tU>M  (.Marmf.  iSHq.  Leepin,  tSi^i).  ll  Utmutales  pcrislalsis  (Paeu,  1910)  and 
produen  nurked  bioochial  constriction  by  pen'pierni  action,  but  is  overcome  by  atropin 
or  cpinephrin  (D.  F..  Jackson,  1914). 

Glands. — Pilocarjiin  producct  an  increase  in  the  secretion  of  saliva, 
swent,  tears,  mucus,  and  of  the  gastric,  pancreatic,  and  possibly  of  the 
intestinal  juice  and  of  the  milk,  not  of  the  urine  or  bile.  A  gallon  of 
-water  may  be  removed  by  these  secretions,  after  a  single  injection. 

Pilocarpin  continues  ef  Kline  jfler  derettrraiion  oflht  nmes,  but  is  easily  inhibited  by 
atropin.     Its  action  i>^  ihcrcforc  locjiicd  in  the  myoneur.il  junction. 

Aitdttolion  «f  Ikt  blood  ciirrfHl  ilirouKb  tlie  iclurids  occun  ai  a  SK'undiiry  effect  of 
their  incTRLscd  action.  A  common  effect  of  pilocatpin.  a  Ayfcrtwiijo/ffejiin  (resulIinK 
in  on  iocrense  of  its  temperature),  may  poKlbly  be  due  to  the  increased  activity  of  the 

at  Sliuidi. 
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Tlio  inciTUM^  circulation  of  the  ikin  ii  uid  to  incrcaM  the  growth  oF  ^tiV,  attd  ' 
darken  ili  color.     The  utalcment  may  he  doubled. 

Gastric  Secretion.— The  i4UtiQtily  and  the  (crmcnt  conlcnt  of  the  g«nric  jdce  an 

incrt'imii  i  CliLiti.  igi.l). 

Pancreatic  Secretion. — Lannny,  [Q05,  clniincd  that  thixttnotincrcucdif  thepytern 
Is  IIgHtt<l.  lie  thcd'forc  believed'  lluil  the  oniinury  increue  Is  iodlrtct,  dac  to  Inc  in* 
creased  secretion  of  acid  in  the  stomach,  nnd  therefore  incrtOMd  productidn  oJ  lecrelhu 
CunoE  nnd  Cilcy,  191  j,  tind,  however,  lh.it  U  is  rffrdlve  even  vneo  the  small  iotesline 
hai  bci^n  removed,  so  that  it  must  a<[  diicclly  on  the  panirva^. 

Lacteal  Secretion. — Ott  and  Scolt,  1911,  confirm  Koehiig  thai  tlib  b  Mnimrhtt 
incre.ifiil.  the  effect  being  abolisheil  by  at ropln. 

CrlDe  aad  Bile. — PiiocarpSn  has  no  direct  action  on  Klycosenolvrit  (McGauu, 
lO"^!-  Ri'iieatvil  injection  of  large  doi«  producn  diurcMi  and  glycauiria,  wtildl 
Wntermnn,  i9ii,ntlribiilcs  to  incrcaJiRdiicrmcahtlily  of  the  kidney*.  Ordiiurily.  tlxn 
is  no  direct  action  on  the  urine  or  )>ile  (MacCallum.  iqoc):  however,  the  great  lot*  cd 
fluid  by  other  channels  uaunlly  diminishes  the  water  and  chlorid  ol  the  urine  (Asbcr, 
1005;  Cow,  191  ]).  Cow,  and  Mncht,  igib,  also  describe  stimulant  effect  on  the  urrla. 
This  ii  |>.iraly£ed  by  hiRh  concentrations. 

DniES  00  Bile  Duct. — Viler's  papilla  i»  closed  by  inlm\'enou»  injection  ol  morphia, 
cpinephrin,  histnmin,  cullein,  liir^e  closes  of  alropin,  .and  npecially  by  pilocarpin.  It 
U  relaxed  by  pupavcrin.  yohimbin  and  nitrites  (Rtmcli.  i<>i4). 

Cerebro-flpinal  Fhiid. — This  is  iacreued  by  the  respiratory  ecnbartassfficat  (Uimn 
nnd  Hn]!iburt<in,  iqij). 

Sialaeogue  Action  in  hlan. — Five  lo  to  mjc.  of  jiilocurpin,  by  mouth,  increase*  the 
volumr  of  saliva  con^idcmbly.  The  percentage  of  inorganic  solid*  is  unchangcdi  that 
ol  orgnnic  solids  shows  nn  in>.igni(icant  inrrcnsi^.  The  proportion  of  ptyolin  is  markedly 
dlmini^'hed,  but  its  total  iiiiunlity  is  considcrubly  increased  (Kwlryi.  ii)ii).  Tbe  con- 
position  of  pilocntpin  suliva  is  not  changed  by  the  injection  of  t>oilium  pbospbalc*, 
aulphntc  or  c^rlHUi^lc.  or  of  glucose,  iinlcu  toxic  dotes  are  given  (.Asber,  1908}.  TIm 
submuxilliiry  gland,  uhcn  pcrfusi'd  with  LxH-kc's  solution,  can  be  provoked  to  secrctioB 
by  piiucarpiii,  but  not  by  chorda  sUmulaliun  (Dcmoor,  1911). 

Therapeutic  Use. — The  iialagogve  action  is  employed  (10  mg.,  H 
gr.,  by  mouth,  three  or  four  limes  a  day)  against  poi»onit  which  suf>prcss 
this  secretion  (alropin,  meat-poisons,  etc.).  The  increased  secretion  of 
MUCUS  may  be  used  in  dry  cough.  This  also  reiuli.s  in  loosening  croupous 
membranes.  The  increase  in  biliary  mucus  is  said  to  facilitate  the  pasMge 
of  gall-slonfs.    Its  utility  is  doubtful. 

Diaphoretic  Action. — To  produce  this  effect,  pilociirpin  should  be 
injected  hypocierniicaliy  (5  mg,,  J^2  S^-)>  the  patient  being  kept  warm. 
This  dose  may  be  repeated  in  half  an  hour  if  ncceMarj-.  Several  liters  of 
alkaline  sweat  may  be  excreted.  Tliere  may  be  con«dcrable  nausea  and 
deprcs^on,  and  with  larger  Hoses  even  serious  collapse,  especially  in  chil- 
dren. As  has  been  said,  pilocarpln  should  be  avoided  in  pulmnnarT- 
discase,  since  the  increase  of  mucus  and  the  action  on  the  circulation  may. 
n-sull  in  dangerous  pulmonary  edema.* 

The  diaphoretic  action  is  used  especially  in  nephritis,  to  relieve  the 
kidneys  and  to  remove  the  loxtc  melalMilites. 

In  pnralyRci  of  ihe  ctrticiil  paychomoti^r  region,  the  corrcsfiondiiig  parts  ol  tbe  skin 
are  mIo  to  perspire  eajiecially  strongly  in  rvsiiunse  to  pilocarpi]!  (Bikdcs  and  t^rktmans. 

Other  Diaphoretics  (Sudortfics  or  Hsrdrotics).— Tbe  secretion  of  sweat 
may  be  increased  (i)  by  stimulating  the  secretory  structures,  (0)  per- 
ipherally (pilocarpin)  or  (b)  the  sweating  center  ^camphor,  ammonium 
nrfiatc);  or  (2}  by  increasing  the  cutaneous  circulation,  (n)  locally  (mus- 
ternal  heat)  or  (b)  through  the  vasomotor  center  (intenul  beat; 
loUcylates,  acetanilid,  nauseants,  etc.). 

m  pn>duc«d  t>r  Ihe  dnn  nf  (hi>  irriet  coniliti  m)i«  in  Uir  Mpirallan  til  Ih*  bns- 
I.  thm  In  k  tnw  leKius  sBuiton.  Injury  lo  lbs  watli  of  llw  upuUiica  U  ■  dkcbMit 
<UllM. 
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CWMran  tiwcat  mote,  old  people  leu  cuily,  than  adults,  AmongBt  Rnunkk,  hottc* 
wckl  ttuM  prafuK-l>'L  i>1k«  '""i  he^,  not  i-ery  tcxJily;  <lof{t,  rabbits,  aiut  shetp  not  at 
*t  all;  ckU  only  on  the  pawi. 

f«tJK(i/i>)u  /itf  Diapkorelks. — The  various  sudorific  measures  spe- 
'it3\y  Adapted  lo  Uie  dificrcnt  indications,  are  a.4  follows: 

I.  For  ikt  Absorption  0/  Edcmoi  and  Exudates. — A  powerful  action  is 
■etded:  pili>carpin  conibine<l  uith  external  heal  (hoi  balhs  or  pack.4). 

J.  To  Reiieve  InHamed  and  Overtaxed  Kidneys. — The  Urge  amount  of 
luid  and  excremcniitious  tnaleriiil  removed  by  a  thorough  sweating 
secures  functional  rest  to  the  kidneys  and  lowers  hlood  pressure.  Here, 
aba,  pilocarpia  and  hot  baths  are  preferred. 

Ofdliuty  iiwut  (tIod»che(.  1904]  c«ataiu  o.tt  to  o.8i  per  cent,  of  uh,  and  0.041 
(t>  90A4  pt'  cent,  of  nitroMn,  mainly  In  Ibe  form  o(  um.  (o.i8j  per  com.  at  NsCl 
tailo.ix  per  cent,  of  utw;  Kovesi).  Tho  daily  cutaneous  excretioa  of  utioBen  i«  from 
^S  'o  1.8  Gnt.  (Benedict,  tooj;  Schwenkenbacher  and  Spitto,  1907J.  The  fweat 
ucrvted  under  the  InSuence  of  pBocarpln  contains  in  normal  Individuals  0.0JI  to  0.085 
per  ccdL  of  nitrogen,  and  0.16  to  Osji  per  cent,  of  a*b.  Three  Uten  of  sweat — a  not 
muaual  ouaatlty  after  pUocarpJn—would  therefore  rcniov«  about  i.j  Gm.  of  nJtragin. 
In  nepliritb,  the  nitrogen  content  may  be  much  bi;thcr,  to  o.i9&  per  cent.;  so  tbat  iha 
I  Ut«rs  coold  remove  108  (Im.  of  nitiosen.  Thii  indicitci  hoir  efficiently  the  kidne)'» 
B*y  be  relJcs-ed  by  dispboTtsIi.  This  I6  also  shoirii  by  the  examination  of  the  blood; 
t^  mbaoTBuJIy  great  deprcasion  of  the  fnvzinK  imint  of  the  blood  of  uremic  patients 
yy  be  reduced  to  normal  by  diaphotoii  1  Ucmli^,  1004)-  The  frccdng  point  o(  the 
wod  of  nortnaJ  animab  te  not  afltctcd.  Alimcniary  Kly<osur{a  could  alw  be  pievenud 
*y,  fewe  diumii.  the  exccM  of  nigar  being  excreted  by  the  akin.  However,  Austin  sod 
ViUer.  iqMi  could  find  no  evidence  that  iweat  baths  materinny  dinuiish  the  niliofecn 
KtcQUon  in  nephritis. 

3.  far  tilt  rtwt*ol  of  pelsoms,  apedally  in  chronic  ictoiicntjon  by  the  metal*.    The 
™««tKy  b  ratfacr  doubtful.     Hot  baths  and  drinki  would  be  lucd. 

4.  To  neslaMisk  Jistufbed  circuiation  in  the  ftkin,  and  thereby  u>  retint 
'^'^^geslion  of  internal  organs:  this  determines  their  use  in  colds,  rheumatism, 
^^■;  in  cold  skin  from  whatever  cause;  in  intlammations  of  the  lung^, 
pItuVa.  etc.  Relatively  miki  diaphoretics  sufTicc  (or  this  purpose:  Kxlcr- 
^•1  heat;  hot  drinks  (teas,  lemonade  or  alcohol);  Sweet  Spirits  of  Niter; 
«>ver'»  powder;  iuilicylate,  etc. 

,  S.  Tbc  IncreaMd  vascularity  of  the  skin  is  alsoQicdlobuteniheoutbreakof/iMb 

'"■■NMbndia  la  framolt  the  ubiarftimi  of  rnira,  ttc.     Further,  in  certun  disMia  af  lk» 

I      ^.  b  tie$ity,  u-iihboldinit  caibobyd rates  at  the  same  time,  to  oblljic  the  liody  to 
'**^n  iht  •rater  whith  il  requires,  by  the  combuitioo  of  il»  ndipose  tissue, 

7-  To  iiterf-tie  llu  aJMinily  tif  tkt-  tUi\ta,  in  gout,  oxybulyric  ncid  coma  (diabctct), 
^-  Mtoir  which  atimuUte  the  j^laoduUr  lolivity  iJirctliy.  luch  as  fUotdtrfiit,  must  be 
^^PlOfni  here,  since  the  sweat  u  add  onlv  when  prnduccd  in  this  manner.  This  re* 
^P^«]  (J  acid  is  w  marked  that  tbc  urine  at  healthy  Individuals  may  be  made  markedly 
iJiZ^iM  by  an  Injection  of  pUocar^iL  The  admly  ol  ibo  gaUrlc  Juice  may  also  M 
^"Miiiihed. 

I,^J™.  In  apklkaJmtl^ty,  dUpboresIft  has  been  found  u^Hul  in  oangcstlve  and  exudative 
^l^ai  of  the  uveal  tract,  In  rttlaal  detachment  and  in  toxic  blindnea;  It  is  useleu  Id 
":aod  ckatricial  k-iion^. 

SUtcaipiii  on  Unstriped  Muscle. — The  stimulation  of  the  myoneural 
^*^on  of  the  cranto-i^cral  autonomic  nerves  results  in  contraction  of 
****t  unstriped  muscles  (not  of  the  Wood  vessels).  The  intestines  arc 
'^^^dly  stimulated,  with  diarrhea  and  colic,  TTie  stimulation  extends 
™^  lothc  muscles  of  the  bronchi,  uterus,  ureter,  bladder,  spleen,  stomach, 
^-      However,   the   natisea  and  rmdU  attUin   arc    essentially    central 
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Th»  location  of  th«  intestinal  actiOD  nus  ilcit  ribitt  on  p  269;  Ibc  actton  on  the 
nlMUS  on  p.  j;i^.  The  utcrini^  siimuUtjon  U  rather  weak  and  inconntnnt  (Gunn  abJ 
(junn,  ii>i4).  Nciikirih,  ic>ij.  r>ii<i>.  thai  rhc  aitiun  oii  llie  cxciac4  inlt^ne  U  ptifriy 
■timuidut,  even  wilh  s.ooo  linios  the  clTcL-iive  dose.  The  NCtion  eta  be  removed  1^ 
wishing;  but  during  the  liaswkKe  uf  the  piloi-.trpin  out  of  ihc  cells,  there  mcim  Io  be  k 
Kiiplilrmcniury  stimulation,  the  Kvenv  of  Slraub's  muicarin  phenomenon  («<*  p.  »?»). 
The  bronchial  muscle  constricts  (Dixon  and  TiiofVir.),  even  ouli-idc  of  the  body  (Ticn- 
dclcnburg.  1911);  we  p.  i;^.  LeuGOCytOtb  [Faults  from  [be  conimi'lion  of  <he  ftplra 
and  lymphs  (Harvey,  iQcrfi).  The  gall-bliidder  11  aliraulaled  (Lieb  and  McWhotler, 
i9»i)- 

D«velopmeDl  of  Ova. — Sollmunii,  1904,  hiu  described  the  phcDumeoB  of  aolaxoniun 
frith  a  tropin. 

Eye-ESects. — The  application  of  pUocarpin  produces  miosb  and  spasm 
of  accommodation,  by  peripheral  stimulaliun  of  the  oculomotor  (p. 
268),  The  intraocular  tension  is  affected  as  mtb  physostigmin,  first 
raised,  followed  by  more  persistent  fall.  Pilocarpin  hydtochliind  in  ^ 
lo  4  per  cent,  solution  is  applied  as  a  milder  substitute  for  physostignun 
in  glaucoma,  corneal  ulcer,  etc. 

Tlie  miosis  l>cgina  in  fiflccn  minuica  (indrpendi^nt[y  of  the  concentmtlon);  rcacbca 
its  maxiniuni  in  thirty  to  fifty  minute;,  and  disapiM-'urs  in  twenty  lo  tu'eiity-fourbourt. 
The  spusm  of  nccommodalion  also  begins  in  fifteen  minula,  anil  lAits  ah«ut  two  and 
one-half  hours. 

Suprarenal  Stimulation. — Dale  and  Laidlaw,  lyii.  dev:r!be  evidences  of  oculo- 
motor stimulntion  c.  en  if  the  cervical  g;ingh.i  have  been  cidsed,  but  not  if  the  Mipraiuul 
hss  been  removed.  They  ascribe  this  to  stimulation  of  the  suprircnolt  to  tncrt^Md 
production  uf  epineplirin.  There  is  a.  similar  coadiliun  as  regards  the  uterus.  JackMO, 
i^Cj,  accepts  tfic  same  cijilonatiori  for  a  dilator  eilect  on  bronchial  muscle. 

CirculatiOQ. — PUocarpin  fir&t  stimulates,  and  then  paralyzes  the  vaci 
peripherally,  and  therefore  produces  slowing  (in  frogs,  diastolic  stand- 
still, Harnack  and  H.  Meyer,  1880),  followed  by  quickeninf;  at  the  heart 
rate.  In  mammals,  the  stage  of  stimulation  and  tilowing  is  vcr>'  short; 
it  may  be  entirely  absent  in  dogs,  and  often  in  man.  In  lhc*e  the  blood 
pressure  rises,  partly  from  the  faster  heart,  and  perhaps  partly  thivugb 
stimulation  of  the  vasomotor  center. 

Perfused  blood  vessels  arc  dilntcd  (fn^,  Proelich  and  Pick,  1913;  InnR,  Baehr  and 
Pict,  1913).     Ilrtcxin,  1914,  ctiiims  conMnclion  of  the  lung  vcmcIh. 

iVog's  Heart. — -The  slowing  occurs  after  niiotin  ((.■uL^bueck.  1911)  and  is  (faercfore 
probably  postganglionic.  The  vagus  ctdliibility  is  increased.  Combinations  vith 
muscarin  give  additive  effects;  ph>'»o«ligtniii  iloe«  nol  (Loewf,  1911).  Id  the  tecoitdai^ 
ya^us  depression,  stimulation  of  the  sinus  produces  but  little  slowing,  showing  tbat  thtt 
action  is  also  largely  postganglionic.  High  concent rntions  turulyze  the  canliac  mtuck. 
Small  dotes  of  cnloral  by  deprciislng  the  cardiuc  muscle,  oclay  the  escape  friun  vafw 
inhibition,  whether  by  piloc.irpin,  muwarin,  or  electric  stimulation  iLoewi.  1911), 

Exciitd  SfumtaaluiH  tlearl  (Ilcdbom-I.angendorff). — The  effect*  are  limDor  to  the 
frog  heart,  but  the  stage  of  vagus  siLintilutiun  is  short:  the  rate  fs suddenly  <Jawcdi  this 
lasts  hut  a  short  lime,  then  there  is  marked  quickening  with  increased  (oniu  (peripheral 
paralysis  of  vagus).  If  the  a urlculo- ventricular  bundle  i*  divided,  pilocarpin  or  mw- 
carin  docs  not  produce  inhibition  (Ctdlis  and  Tribe,  1913);  nor  do  they  inhibit  isotaied 
ventricular  strips  (I^etham,  1913).  Their  action  must  therefore  be  00  the  auricular 
vagus  lcrmin.ttions.     Large  doses  paralyse  the  tnuxclc. 

Central  Nervous  System. — The  action  Is  weak  and  appears  U(c,  m>  that  II  hentixtty 
oversliadowed  by  the  peripheral  actions.  The  effects  are  mainly  rfc/rraiiaj.  Vattmttcr 
paralysis  is  a  rather  early  and  prominent  fymptom;  it  leads  to  dyitnta.  Later,  the 
rapiralKiry  raitfr  is  also  depressed.  The  motor  (■ent<Ts.  especially  inoM  o(  the  cord, 
iihow  '■■nie  stimulation  (increased  reflexes,  tremors,  ooovuUions)  and  later  p«nilysis. 
The  emetic  center  is  stimulated. 

ittlabiilitin, — Pil<xiir|>in  somewhat  increaBCs  COi  production  and  tends  to  raise 
the  temperature,  even  in  curatiicd  animals,  i.e.,  by  direct  slimulaiion  of  ibecUndiaad 
unstripcd  muscle.  Mendel  and  Slelile,  1915,  claim  Ihac  pilocarpin  and  Otbcr  ttioat- 
ionts  of  iligeativc  tjlands  increase  the  excretion  of  uric  acid. 
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nue  «nd  EKretion- — A  Urge  part  is  excreted  undungcd,  but  in  <:i>in lunation,  by 
the  urine  ilCurci). 

^nqitoms  of  PoisoninB.—Thi:  loxiculoKy  of  pilucarpiii  is  not  very  importuit.    The 
sytDptoim,  which  apply  niso  to  muncarin,  begitx  with  a  greatly  incrcjticd  urcrclion  of 
kativA,  sweat,  and  tears;  then  nuiut'a.  profuse  vumitinic.  nnd  p^iiofui  diurrlieu;  pupillary 
contraction  and  aposm  of  aci.-Dmmadation;  pulw  v-iriable  in  tntc,  lenM,  and  nrjlliniic; 
fMlpitstlun-,  dyfrpDcn  with  tiles;  somclinics  confusion  of  iclea«.  vertitco,  tremors,  and 
XMole  con%-ulsiona.     Death  ottura  either  by  paralysis  of  the  heart  or  edema  of  the  lung^. 
UMltneiirJ  t^rcLi  from  the  nlimentniy  cnnal  arc  wen  mo«t  frcouently  if  Ihc  liiug  U 
flvMi  by  mouth,  but  occur  also  on  liypoilrrmic  ad  minimi  rat  ion.     Thvy  C0[l^isI  in  very 
prolonged  and  deprcising  niiU5ca  and  vomiting.  Rometimei  lending  tocoUapse,    The 
SuturbjniT  o(  xct^onimnnntiiin  cAii«n>  mltly  vision.     A  burning  tcnvttion  In  the  ure- 
thra, u'ith  sudden  anil  irresistiltk  dt">ir«  to  urinati?.  is  often  obscneii. 

Treatment. — Airopin  is  11  physiologii:  antidote.    Otherwise,  the  the  general  treit- 
~t  o(  alkaloidiil  poisoning  «"uld  be  eitiployccl. 
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'PilMorp.  ItydrocU.,  U^.P.;  CiiH,«Ni(VHCl.— Very  sol.  to  watef  [1:0.3).     i^o**, 
le  at  the  Xilrate. 


«<>  ■«•■  H  Kt- 

N^MTfitj,  U.S.I*.  (Jaborandi). — Tbe  dried  leaflelt  of  Pllocarpiu  *podc»,  yielding 
0^1  Ims  tlun  0.6  per  cent,  of  alkuloidt.. 

fUtxt.  PiUtarp.,  U.S.P. — About  0.6  per  cent,  of  alkaliudt.     Dom,  3  cc,  jo  miniiu, 


PHYSOSTIGMm 

Gvoeral  Statemeot.^Ph>'sostigniiti  (al^)  called  Eserin),  the  alkaloid 
oi  Fhysostigma  or  "Calabar  bean, '  stimulates  the  peripheral  structure* 
which  are  paralyzed  by  atropin.  Its  idoai  im|)ori.-inl  artion.s  consUt  in 
pntttfal  contraction  of  the  smooth  muscle  of  the  eye  (mio&is)  and  intc»- 
t«K.  It  b  employed  in  eye  diseases  (glaucoma,  etc.)  and  in  intestinal 
pbab.  The  glandular  stimulation  is  less  marked  than  with  pilocarpin. 
It  ilw  causes  fascicular  twitching  of  striped  muscle  and  is  mutual]/ 
'Utifiaaistic  vritb  curaie  and  substances  having  a  curare  action.  On  th« 
~n_lnl  nervous  sytem,  the  effecu  are  mainly  paralyzing.    The)'  have  a 

ncnlogic  importance  and  limit  its  internal  use. 

Actwns  00  the  Eye, — Physostigmin  causes  constriclion  of  the  nupUa 
overed  by  Fiaser  of  Edinburgh,  i860;  spasm  of  accommodation 
^-Bton);  twitching  of  the  eyelid  and  lowering  nf  Ihe  intraocular 
(■•wiie.  These  actions  are  due  mainly  to  increased  excitability  of  (he 
w^^wnoior  endings  or  myoneural  junction.  The  effects  of  physostigmin 
o>  be  temcn-ed  by  the  application  of  atropin,  and  vkt  versa;  but  this 
nquires  mudi  larger  doiies  than  docs  a  nurinal  eye. 

ThtmSoaea  the  pnptl  appears  iomewhat  carLcr,  and  Uos  lomcvhat  longer,  than 
**  «■  ittontaodation ;  00  local  ^iplkatkHi  of  a  i  iwr  cent.  stJutlon,  the  mtmu  besiu 
•ma  >filni  tea  wiaMw,  reachet  iu  naxinuin  in  thiriy  to  6fty  miouta,  stays  maximal 
•*'■•««  tt  tamr  bom,  and  then  dbappears  (traduallv  in  three  or  four  dayt.  The 
W»«plM  CODtnctioB  ii  greater  th»n  can  be  produced  b>-  the  »lrcr«cit  liuJi  I  .al  thon^ 
I*' I^tattigHua  papfl  coaIract«  further  eves  to  weak  light.  With  the  maiimat  ceA- 
■|MM%  Ihe  papfliigescrally  irregular  in  sh^ie.  PhyMMicnda  b  much  tnorc  effective 
iBWiHcnctinK  the  Bi)xlriaiU  of  cocoin  than  that  <rf  alropm. 

i''*pttmtf  aavmmadatiuit  begins  in  about  f*Bty  miautci.  and  paMM  ogjnabowt 
tao  M^oM-hali  hMm,  leavioi  th*  cxdtabOity  Muewfaat  incnued.  Thnn|^  the 
"WnoloB  of  the  dlarr  niMcle,  the  lense  bMocnes  more  sphetkal.  and  objacta  appear 
■■uftdaiH  morcdlatanL 


302 


UANUAL  OP  PRARMACOl/lGY 


Localization  of  /tdws.^ParaJysis  of  the  sympathetic  may  b«  excluded, 
for  stimulation  of  this  nerve  dilalett  the  pupil  somewhat,  even  when  the 
ph>'soBtignun  eScct  is  complete.  The  mu«c)c  may  also  be  excluded,  for 
no  miosis  occurs  if  the  oculomotor  endings  have  degenerated  (after  section 
of  the  short  ciliary).  The  action  is  therefore  a  Mimulution  or  increase") 
excitability  of  tlie  oculomotor;  and  since  it  occurs  on  the  excised  eye,  the 
ctTcct  must  he  on  the  endings.  The  antagonism  with  atropin,  etc.,  was 
discussed  on  p.  268. 

I(  the  eipcrimcnt  is  arranged  so  thnt  the  tympoth«tic  U  left  intNct,  whHe  the  ibott 
cUlnry  '*  diviikft,  physustigmin  will  nnt  constrict  Ihe  pupils,  (even  il  the  ooilofiMtov 
codings  aie  inlac^l).  bcK.'auM^  the  pliy^usliKmiu  c-litnululioii  a  evidently  unable  to  over- 
come ihc  sympnthctic  tone.  Since  the  phyiostigniin  cosily  ovcttomct  Ibc  nympulietic 
lone  if  the  oculomulor  tone  is  intact,  it  has  been  nrguM  l)ial  the  ph>'*o«t{ginin  kctloa 
does  not  consist  in  direct  slimulalion,  but  in  incrcjtie  of  exciiabOilj'  to  the  norma] 
oculomotor  impulses  (Meyer  and  Gottlieb).  It  is  posublc  tbat  this  pbanMOCDoa  is 
Kttitcd  tosyncrRiKin  (Dixuti  and  Kuobom,  iQii). 

IntraiKular  Timion.—l-a  the  norsial  eye,  physostigmia  products  a  ilwht  laD  ($ 
to  8  mm,)  tii'liriK  some  twelve  hours  (Lucbf.,  igij;  Myasliita,  1913).  The  ull  It  aotc 
roaikcdinglaucixna  (liollet  andCurtU,  1911). 

Theraprulic  Vsc  of  Oculomotor  Actions. — Physostigmin  may  be  used  to 
counteract  the  effects  of  atropin ;  to  break  up  adhesions  of  the  iris  and  lens 
(in  alternation  with  atropin) ;  in  the  treatment  of  peripheral  corneal  ulcer 
and  to  lower  the  intraocular  pressure  in  glaiu^oma  (sec  p.  284).  The 
continued  u«e  of  physostigmin  or  pitucitrpin  procluces  distinct  ameliora- 
tion of  the  glaucoma  symptoms,  often  more  than  iridectomy;  but  they  are, 
of  course,  not  curative  [Posey,  i(}t4).  The  mechanism  of  its  action  in 
ulcer  is  not  uodcistood;  it  is  perhaps  aq)Uiinod  by  contraction  of  the  iris 
vessels. 

A  pptication. — Physostigmin  is  a1wa>'s  used  locally,  in  }^o  to  t  per  cent. 
solution  of  the  sulphate  or  salicylate  (in  glaucoma  o.i  to  0.4  per  cent., 
two  to  six  times  a  day).  Solutions  of  0.5  per  cent,  and  higher  sometimes 
cause  considerable  irritation  and  pain.  This  is  lessened  by  employing 
an  oily  solution  of  the  free  alkaloid.  Cancv  Wood  advi-ses  the  addition  of 
of  )-^  percent,  of  cocain  to  tjQ  percent,  ot  physostigmin; or pilocarpin  or 
arecolin  may  be  substituted. 

Intestine. — Physostigmin  greatly  increases  the  gastric  and  intestinal 
movcmenta,  acting  directly  on  the  nerve  endings  (see  p.  J75).  With 
therapeulic  doses  the  peristaltic  movements  are  more  active.  Toxic 
doses  produce  tetanic  contraction  of  the  gut.  The  action  is  utilized  in 
intestinal  paresis  (postoperative  ileus,  etc.),  2  mg.  {}^o  gr.)  bj-podermically 
(larger  doses  would  be  dangerous).  Cannon  and  Murphy,  1907,  have 
shown  that  it  has  a  marked  effect,  lasting,  however,  only  a  few  hours. 

Other  unstriped  muscles  i-i>nlr.iclccl  by  physotilgmln  are  thoic  of  the  bladder,  sfdcra, 
ureter,  uterus,  arteritilei,  and  Ijrodcliial  mu«i.le«. 

Glandular  Secretions. — I'hysoiifiKniiii  stimulates  the  same  Kland)  us  pilocupin 
(except  milk;  Olt  And  .Scott,  1911);  but  Ihe  increase  of  scctelion  h  much  lest  roorfced, 
beloK  counteracted  by  the  vasLKx>it>triclion.  Like  other  intudaal  stimulaau, 
phj-M-itijitniti  incrcjiscs  Ihe  elimination  of  uric  add  (.\bl,  io>j). 

Striped  MuKcle. — The  fosdculai  t-wilchinn^,  jind  the  nntogonitm  with  eurare,  wnc 
diiciitwiion  p.  j68.  A  siniilur  antu^oni^m  exUth  lietwren  nhynostigmln  aadnacncriaai 
Mltb  (Mellzcr  and  Auer.  1906;  Joseph.  looS;  Joieph  and  Xieltzier,  Iqoq), 

Circulatian.'  In  nianim.il3,(irdLn.tr>  dasciiRloq- thchcatt by  vagtis  ittmulatioa, utA 
raise  the  bloml  pressure  by  vasoconslrkliun.  l,a^  doBca produce  (flRhtr  •lowing  ABui 
fill  of  jitrssure.  In  man,  however,  acriotis  diainem  and  fainlDeM  occui  before  (be 
hrait  riLtcisaflectcdtRoblniion,  1915).     In  frogs,  the  heart  muM'IcbtlitnulalcddmcUy, 
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SO  that  Itcontracla  more  sIronKly.  and  citn  not  be  stopped  by^'mgun  itimulation.  The 
«ction  of  cardiac  depresiants  is  anlogonixcd.  (Tbii  slimuUnt  action  i»  not  nultd  in 
nuiaiinab.) 

The  slowing  in  munmals  is  due  to  periphcraj  vagu*  slimuiation,  suffidcnlly  powcr- 
fal  to  countcrnct  even  ntropin  (Winlerbcrg,  1907). 

Tke  rinr  c/  prmurr  imisl  be  viwuliir,  since  the  caidiuc  output  is  not  inoreasrd. 
It  occurs  after  dtslnittion  of  the  spinal  cord  and  must  Ihcrcfore  Iw  periphcrnl.  It  ii 
due  pnitly  lo  the  contraction  of  the  intcsitncs,  and  partly  to  dirocl  »timulatluit  of  the 
iitferiid  n<r\-r-CDditu!>i.  It  does  not  occur  after  apocoddn  (Uiion,  i^j).  Tke  fall  ef 
prtsiurr  it  iluc  (o  centr.il  vmoraotor  paralysis  osa  lo  cardiac  dcproMon. 

Central  Effeccs. — The  action  on  the  ccnlrnl  nervous  sy^lem  is  lir?t  ictanidcit 
(Ueubnec,  iQOj):  then  rapidly  paratysiug,  btginning,  at  least  in  man  in  the  tirierf  per- 
(MM.  *o  thatdHivtCfoumru  <i  frnmnS  to  the  end.  "D^crrspiratica  is  at  lirst  incrcnsed; 
ihls  tt due  Urgely  to  stimulation  of  Ilie  Afferent  endjnitsof  llic  vagi;  for  the  ((uickenieit 
js  much  less  after  the  vagi  have  been  cut. 

There  ore  also  other  evidences  of  stimulation — excitement,  etc. — hut  these  have 
been  coonldcred  tfcondt^ry  fci  rfspiralary  ^wriiyiM,  Ihe  cenrrjl  actions  of  (he  alknloid 
beins  mainly  depressing:.  Dj'spneji  is  a  marked  symptom,  due  lo  paraK-ais  of  the 
rnptntoiy  center  and  spaam  of  the  bronchial  -mu^es.  Asph}-xia  forma  the  eausf  of 
dtaik  (HamaclE  and  Wiikovrski,  lA?''). 

The  depressant  action  of  physc'5tiRmin  has  led  to  its  therapeutic  Iriu]  in  epilepsy, 
chorea,  tetanus,  etc,  «-ithoiit  much  success. 

Pllddl>  or  Jamaica  dogwood  is  n  simil.irly  acting  drug  which  was  introduced  as 
a  narcotic  hut  i*  eniirel)'  uselefs  for  tliis  purpo&c  (Tyrode  and  Nelson,  looj)- 

Plinottigniln  Poisoning. — Tiic  iymptomi  consiil  in  rcsUcssncM,  wcnknus  nauieo, 
vomilinit.  si'mttinics  piiiKiiiK;  cpis.istric  psin;  rarely  mii>*.(8;  salivjiiion,  luchrymalloD 
and  sweating,  palpitation  with  slowed  pulse;  dyspnea;  muscular  twit chings;  convulsions. 
Death  occuni  by  paralysis  of  respiration,  under  general  collapse,  with  the  rcBexcx 
preserved  to  the  end.    The  fatal  dose  is  not  known. 

The  location  of  the  emetic  action  has  not  been  definitely  determined,  because  of  the 
diflkulty  of  filing  the  emetic  dose  (F.ggleston  and  Matcher.  loij). 

The  TreatmaU  of  Fhysostigmin  Poisoning. — This  consists  in  evacuation, 
stimulaots  and  atropin  ()-2  to  i  mg.). 

Fraier  found  that  small  do^es  ui  alrupin  saved  animal»  from  three  lime*  the  fatal 
dose  of  ph)-toattsniin;  but  that  larger  doses  are  synergistic;  Curare  and  Macnesium  are 
eOcctivc  in  the  laboralnry,  but  arc  loo  djngcious  for  man. 

7aU. — Physosliitniln  i^  nut  de»ltoyed  by  Frog'b  lii'rr  (Cl.trk,  1911}. 

PKEPAKATIONS — PHYSOSTICUIN 

•/•lyiorfijurin*  Sallcyhs  (Physostigmin.  Sal,),  U.S.P.  (Eserln  SalloOsU);  CisH.i- 
IC/^.CiH»Oi. — Colorless  or  faintly  yellow  crystals:  of  slightl/  bitter  taste.  Soluble  in 
water  (1:7s)  and  in  ale.     Dosf,  i  mg.,  }4q  gr.,  U.S.P.     Maximum  doae,  i  mg..  HoS'- 

Watery*  solutions  of  PliysuntiKmin  salts  (not  thedrysaIts)oxldi«e  under  the  influence 
of  light,  air.  and  the  nlkoli  of  glass  vessels,  acquiring  a  pink  color  (due  to  "rubrescrin," 
Woelfflllti  toij).  Such  colored  solutions  should  not  be  cmplojrcd;  Ilailauer.iSoi), 
Stales  that  tney  are  more  irritant,  although  the  miolic  action  h  not  impaired.  The  de- 
COBpositioa  is  retarded  by  the  addition  of  a  little  boric  odd. 

Fkyi^tlit-  Stdph.,  B.P. — More  freel)'  soluble,  but  less  stable.     Dose,  1  to  3  mg., 

iam.  f'iyioslig..  B.P.^«.o6s  mg^  H'OOO  fir- 

PkytMlitma,  C.S.P.  {Calabar  Bean).— The  dried  ripe  seed*  of  PhymtigiiiB  venenx 
sum,  ^dioE  not  less  than  0.15  per  cent,  of  alkaloids;  mainly  pbywwtiginin;  also  soull 
auMitities  ol  the  related  cseridin,  and  of  eseramin.  (Calabailn,  a  siiydinin-Ukc 
Akalold,  wu  formerly  stated  OS  aconsliluent,  but  has  not  been  confirmed.)  The  drug 
WHS  introducwl  inla  England  about  1640.    Dusr.o.i  Gni..  i>^  gr.,  U.S.P. 

Exi.  PhysoilipaaHs,  U.S,P.— A  powdered  extract.  1  Um,  rtpresvntiBjt  13  Gm.  ol 
dng,  1  per  cent,  of  alkaloids.    Dtne,  S  mg.,  }i  gr.,  U.S.P. 

Tr.  Fkys^aif..  VJ&,P.—K9  ptt  cent.     Doit,  i  ex.,  15  minima,  U.S.P. 


MUSCARIH 

Muacorin,  an  organic  ammonium  base,  found  in  a  mushroom,  and  a 
nmilar  base,  prepared  synthetically  from  cholin,  produce  effects  closely 
resembling  those  of  pilocarpin;  namely,  typical  peripheral  stimtdation 
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of  the  parasympathetic  system,  i>.,  all  the  effects  of  pilocarpin;  and  also 
a  Dicotin  and  curarv  action. 

The  niuat  characteristic  action  of  muscarin  is  a  vagus  standstU)  of  the 
frog's  heart.  Its  interest  is  mainly  MrientJfic,  and  to  some  extent  loid- 
ci>logic.  since  it  occurs  in  the  roost  poisonous  fly- mushroom. 


Constitatioii. — Muscarin,  n&  bolalcd  b>'  Schmicdcbcrg  and  Koppc.  1S69.  fraiB  tb« 
fly  niiarK  io.otb  percent,  in  the  Iresh  fundus:  KaTmecn,  igojj,  b  a  tubadtHttd  uiiibo- 
nium  bow: 

/CH,CH[On), 
CH.  =  SX 

NOH 
It  U  cIcMcly  related  to  cholin  (lrimclhyl-ox}-cthyl-animotiiuin  hj^roxtd: 

/CH,-CH,OH 
CH.-NT 

\oti 


Srnthede  Muscarin.— "Synthetic  Muscarin"  is  prepnreH  Bnificiolly  by  th*  odda- 
tton  (if  (.hulin  ("  clioliu-muscniin ")  und  vias  ^uppustd  (u  have  tiie  jume  cWDparilkai: 
later  invc&ttgHlion.  hiiwevci,  showed  chat  it  is  thcnilinuicitcTof  cbolin  (OaleBiM  E«{m, 
1914),  Its  actions  aitrrv  aualitatively  with  those  of  (he  natunil.  but  exhibit  qaunltta live 
diRcrcncesi  the  natural  bein^  ten  limci  stronger  on  the  hcirt.  whitet  t&e  tyntlietic 
produces  more  pronounced  nicolln  and  curare  actioni  (Schmiedeberit  and  Hamack, 
i$76;  Boehro,  1S8;;  11.  Meyer,  189;;  Honda,  1911).  The  antagoitisiD  to  atroptn  is  abo 
less  complete  nilh  Ihc  synthclic  buEC. 

MuEcario  Action  on  Frog's  Heart. — M  uscarin  causes  slowing,  iritb  leaKDcd  gysUUc 
and  inccvnbtrj  diastolic  vicut<.iui]^.  and  linally  sloppagt  in  diastoU.  These  effects  re- 
semble those  of  electric  v.igiis  stimulation  (nlso  the  electrocardtograia;  Sunojlofl,  191  j); 
and  the  re?ull5  ul  submaiimal  vagus  slimulutioD  and  niui<carin  tu«  atrktly  additive,  ui 
ito%i  (Honda;  U.  I.oewi),  in  turtles  (Heischhouer,  1911]  and  in  "■■"""»**  (Scbott, 
191 1).  Muscoiin  nUo  produces  additive  results  with  pilocarptn.  Lame  Ann  of  both 
pttTAlyie  the  vagus  iLocwi)  and  thcgangliu  (Scholl).  The  mittcarin  meet b  more  per- 
sistent than  electric  vagus  stimulation,  and  1  1  1  11 11  in  1  iiliiiiiii  [iiiii  liieili.lll  i»liiili 

ordinary  vagus  etimuUilion  is  ineffective  (Loewt,  191 1). 

The  rtfraclory  (wiiud  of  the  bea.rt  to  arlifidal  stimulation  is  shortened  by  weak 
muscann,  as  by  vagus  slimulntion  (Rnaliaub,  1914).  The  effects  of  muscatin  on  the 
decltir  re^poiiw  of  the  heart  was  investigated  by  Mines,  1914. 

Perfusion  of  the  cidsnl  frog  hrart  with  \tsy  ditulu  muscarin  in  Rinsn's  solutioa 
produces  simultaneous  weakening  and  slowing.  If  it  is  perfused  in  UootC  it  nav  obo 
slow  wilhoul  iveakenin^:  wliilHt  perfusion  of  mUACurin  blood  tbrou^  the  boUtcc  \fa- 
Iricle  may  give  weakening  without  slowing  (KaaQaub,  1014). 

Location  of  Action. — In  mammalian  hearts,  muscarin  causes  no  inhibntion  if  the 
auric ulo- ventricular  bundle  is  cut  (Cullls  and  Tribe,  1913),  or  In  ventricular  Stripe 
(Leetham,  ■911);  but  in  frog^  the  muscarin  standiiiU  occurs  also  in  the  isolated  apex. 
showing  that  the  stimulation  is  peripheral  to  the  ganglia;  and  since  it  can  be  altolisbcd 
by  ittrvpin  (Sthmiedcbcrg  and  Kuppe),  the  action  can  not  be  on  the  noKlc.  It  ia 
Iherettire  assumed  that  it  stimulates  those  endings  which  atro[un  ■xtraljies.  U  Rin»- 
earia  and  atropin  are  exhibited  at  the  ^me  lime  or  suceeisivrly,  their  respective  quan- 
tities will  determine  which  predominates,  but  atropin  Is  much  the  stronger.  Druica 
which  act  upon  the  ganglia — eg.,  nicolin-^  will  be  ineffectual;  but  the  slandilill  may 
he  raised  by  substances  effecting  a  direct  slimulalion  of  the  mu«le  fibers — e.^,,  pb)io»- 
ligmin,  verutrin.  digilalin,  anilin,  camphur,  guanidin.  It  should  be  added,  however, 
Ihai  the  tyoe  of  contractions  under  muscarin  differs  in  lome  reapects  bom  those  of 
vagus  stimulation  (Khodius  and  Slraub,  1905).  This  may  poedUy  ne  due  to  the  actko 
ol  muscarin  being  ciertcd  on  the  myoneural  junetiun,  rather  than  on  the  vana  nerve 
nuefauiism  proper.  It  b  interesting  that  muscarin  causes  an  acceleration  ef  ue  cnb'a 
hcMt,  although  a  wcll-delincd  inhibitory  mechanism  exists  in  these  anjailh.  The 
cxplaaaliun  undoubtedly  lies  in  some  structural  peculiarilir. 

The  observations  of  Siraub  on  the  pentlration  oj  mHuarim  were  Hitniirrfl  on  pL  rjt; 
its  action  on  the  inS^ilinri  on  p.  175;  on  the  urfter,  p.  im;  on  the  bmttkUl  tatuiit,  n. 
119.  Id  guinea  pigs,  it  may  cause  bronchial  spasm,  slmJlar  10  that  of  anapbyians 
(Modrakew&ki,  1911).     It  has  no  efTect  on  iadtal  sairrtion  (Ott  and  Scott,  1911). 

EifTttiim.— la  toads,  this  occurs  (^usiititatively  by  the  itflae  (FucWet,  igo8  and 

ttw). 
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MUSHROOM  POISONING 

Active  Constituents. — Many  fujigi  contain  poisonouH  constituents, 
varying  In  the  different  species.  Ford,  1911,  1913,  has  studied  a  large 
number  of  species,  and  finds  that  the  principles  toxic  to  man  belong 
mainly  to  three  classes:  (i)  muscarin,  which  is  confined  practically  to  the 
"fly-mushroom,"  Amanita  muscaria;  {s}  substances  producing  degenera- 
tive changes  in  internal  organs  (especially  Amanita  phalloides);  (j)  sub- 
stance!* producing  gastroenlerilis. 

OluciMidal  hemolysins  arc  iha  itmenl  in  Amanila  phnlloidn  >D(I  several  related 
v»ri«ties.  rapcdally  in  Helvello  «cu]enU  (Kord,  19:3).  Thcjf  ore  euiily  dccomjioncd 
by  hcnt  -inn  digestion,  and  arc  therefore  not  cnnccrncil  in  poinonou^  elTcctfi.  <1/cfu- 
(iKfiu.  tif^rliiiis  iflucosidol.  are  also  widely  diilritiuted;  »(ime  oF  these  are  not  destroyed 
by  boili:^,  but  they  ate  probably  not  pathogenic  (Ford  and  Rockwood,  iijtj).  Prac- 
lially  all  spcdea  of  .KroBtiita  s!ow  or  slop  the  Irns  heart  on  direct  application.  In  the 
caw  of  A.  phalloides,  this  is  not  due  to  muscjirin,  but  lu  Inorijaiiic  salu  (Ford  aod 
Bnuh.  1914). 

From  Amnnifa  phnllnides,  two  interesting  principle*  were  IsolMed  in  pure  form,  one 
■  bemolylin.  the  ulher  a  luxin.  Both  arc  untii^ns.  a  hiKli- valence  aerum  belnK  obtatn- 
abk  agkinit  the  hemolysin,  n  much  weaker  one  against  the  toxin.  Nevcrlhelcst.  the 
hemolysin  is  n  typical  glucosld  (Abe]  .\nd  Ford,  iijo?),  idcniltal  with  Ihe  ''ph.illin"  of 
Kobcit.  whith  was  (ormcrly  considered  a  toiiilliurain.  It  is  readily  destroyed  by  cook- 
ing. The  toiin  (which  was  con^idfred  an  alkaloid  by  Kolicr(|  is  alone  nsponiible  for 
the  symptoms  of  poisoning  (widespread  (alty  degenerations  of  important  ortciin!>; 
Ford,  1006  and  1909:  Abel  and  Ford.  i<)oS).  Rabc,  1911,  claims  to  have  also  isolated  an 
aUukloid  of  muscarin  acllnn. 

^nqiMms  of  Mushroom  Poisoning.— These  must  vary  with  the  species.  More  or 
leu  common  features  are:  Abdominal  pain,  nausea,  voinlling,  and  violent  diarrhea; 
vuiable  pube;  labored  respiration;  consciousness  unaffected,  or  delirium;  coma  or  con- 
vuUon».  Some  cnusc  fatty  degeneration  of  the  liver  and  kidneys.  Many  mushiooms 
pcodaee  abdominal  symptoms  simply  by  bcinj;  tndijj;e3ti!)le. 

The  trcntment,  would  be  by  cvacunlinn,  and  5.\Tn]itomaiic.  The  chance  of  poisoning 
may  be  somewhat  diminisUed  by  prolonged  bodlnit.  as  some  of  these  substance*  are 
dcrompoKd  in  this  manner,  but  reliance  on  this  would  be  danReroui.  Drying  does  not 
dimlnUh  the  toxicity.  Vcrrill,  1914,  reports  symptoms  of  inebriation  (not dingerouii) 
{tom  ealinic  I'un^eulu?  papitiunacens  (Maine). 

^mstcnns  of  Anumitn  Phalloides  PoisMiing. — These  set  in  after  a  latent  period  of 
six  (a  liltcen  hours;  sudden  abduntinni  pain,  wiih  vomiting  and  diarrhea,  containing 
Uood  and  mucus;  rapid  loss  •>(  streng^th:  •cyanosis;  death  in  two  or  tbtec  days.  Hlsto- 
lOKic  cxntnioittion  shows  extensive  neurosis  and  fatly  deKencration  of  visceral  oritaiu 
CwoiA,  1913).  Uremia,  fmm  greatly  Impaired  kidney  function,  may  be  rcipoaubte 
for  part  of  the  symptoms  (Clark.  Alarshall  and  Kowtitree,  i<>ij). 

SdiUe  Mushrooms. — The  food  value  of  mu-ihroomi  is  popularly  supposed  to  lie 
ta  a  Urge  percentage  of  assimilable  nitrogen.  Thit  i>  not  l>ornc  out  by  analyici;  they 
contain  o.i  per  ceal.  In  the  fresh  condition,  or  o,,i  lo  ],6  when  dried:  i-'-.  no  more  than 
pot-ttod.  ond  only  one-lcnth  a*  much  as  wheat  bread,  or  one-thirtieth  of  that  in  lean 
meal.  At  the  liber  of  mushrooms  is  also  quite  indigestible,  their  main  dietary  valae  U 
ac  a  relish  rather  than  as  food. 


CHOLIN 

General  Statements. — Cholin  (irimethyl-oxycthyl-ammonium)'  occurs 
as  a  constituent  of  lecithin  probably  in  all  animal  and  vegetable  tissues, 
although  often  merely  in  traces.  It  is  probably  never  free  in  the  living 
tissues,  in  detectable  tjuantity,  but  may  be  liberated  by  putrefaction  or 
autolyns,  not  by  pepsin  or  trypsin  (Coriat,  1904).  It  therefore  occurs 
in  organ  extracts,  in  many  vegetables  (SchuUe  and  Trier,  1911)  and  in 
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certain  drug^  (especially  ergol).  It  may  be  liberated  in  intestinal  putre- 
faction ani]  thus  contribute  to  the  fiystcmic  phenomena  of  constipation; 
but  it  h  readily  destroyed  by  the  intestinal  bacteria  and  Ls  Ic^s  toxic  than 
the  analogous  riturin  and  varioiis  amins  which  arc  also  found  in  putre- 
faction.    Cholin  is  also  but  slightly  toxic  on  hypodermic  injeciion. 

The  peripheral  attions  comprise  two  independent  elements:  a  muscarni 
effect  (stimulation  of  parasympathetic  endings,  similar  to  physosUgmin) ; 
and  a  nicotin  effect  (stimulation  and  paralvi^i^  of  autonomic  ganglia;  curare 
action  on  muscle).  These  two  sets  of  actions  arc  produced,  in  varying 
degree,  by  all  quaternary  ammonium  bases  (Dale,  1914). 

The  most  marked  effects  of  cholin  are  on  the  blood  pressure,  which  it 
usually  lowers,  often  with  a  secondary  rise.  ,\ftcr  stropin,  it  produce* 
a  rise  instead  of  fall.  This  curious  phenomenon  lias  recei\'ed  no  satis- 
factory explanation. 

Action  on  Btood  Pressore. — Cholin  generally  produce*  n  msrked  full  of  blood  preMuie 
(Mdtt  and  Hnllibiirlon,  iHcj;);  but  =j>niotimc5  there  is  inilcttd  a  rijic  o(  pcr!4itie.  In 
(!aU,  the  ri«c  !>('iUTatly  Mlow!^  [he  full  (Pul.  iu>')-    The  variable  mpaiue  <lo«s  tia4  dsj 

1)end  uijon  impurities  (Rcnshaw,  Underhil!  nnd  Mendel,  ipii).    The  rcxiilt  i* inBuence 
>y  the  c!o9C.  anesthetic,  and  other  coiutition'i  (Abclcrh.il (Jen  and  Mueller,  1911).    Th 
Inll  predominates  it  (lie  bkiod  pressure  has  bwn  hiyh  (BeiicUi,  1914);  in  j>rotractcd< 
narcosis,  and  after  some  sorts  at  curare.     U  counteract*  the  cplncphtin  riic  ((iiutrdet,! 
1900).     The  prtsior  eftcl  b  more  prominent  in  light  &ncathc»la,  or  alter  icction  of  the 
mcdullft  (Pnl,  i9ii). 

.\[ter  lame  dosi-n  of  atropln,  cholin  gives  only  a  rise;  and  it  aJoo  cotutricts  the  vcodl 
of  cxciMd  and  pcrfuMrd  organs,  after  atropln  (Mueller,  1910).  XJCOtia  doc*  aotact 
likealropin  (Hunt  nnd  'I'iivciiu,  loii). 

MtckonUm  «/  Cimiliiiory  Acliims. — Theie  peculiar  ctlccii  have  not  been  lulficieatlyf 
annlyied-     Pilcher  lind  Sollmann,  1915.  showed  that  cholin  produce*  a  marked  dir 
denic»ion  of  the  vasum.itor  center,  which  seems  lo  play  an  imiiuttaat  p«rt  In  the  I 
of  blood  urtssure.  and  which  is  nbolishcd  by  atropin.     However,  olbcr  cause*  conttib 
to  the  falli  and  when  IhcM  prrdoniinute  they  may  overcome  the  vasomotor  dc 
and  may  even  slimulutc  the  center  by  anemia. 

MueUcr  atirlbutei  the  fall  to  cardiac  staiis,  and  to  vatodilation  in  the  at 
intt^lines.  kidney's  and  brain.    The  atropin  reversal  he  interpret*  a«  an  atropin  I 
of  ihc  dilator  elementi.     The  vcwels  of  frogs  are  iierifbc rally  dilaled  by  cholia  (I 
dovNky  and  Pick.  1913).     Dale.  1914.  duimccl  a  dilator  effect  on  perfuMd  vcsmI*,  but 
this  is  denied  by  Hunt,  1915.     Pal  found  lhec<fet:Uon  the  heart  and  vagus  incoftttant. 
Palta  and  Varisco,  191^,  refer  tlie  main  effect  lo  v.i|cus  •-ttmulatioD,  both  central  and 
Mrlpheral.     (iulowinski.  1914,  claims  stimulation  of  iulraeardiuc  vogas  and  aeceleratof , 
in  mammal?,     JIunt  finds  the  heart  generally  slowed— the  sloBina  bcine  lomctimes  re- 
lieved by  vagotomy,  but  not  always.     He  inclines  to  consider  both  the  toll  and  ibe  tiM 
a*  mainly  (aidiac.     Lau^nna,  191J,  linds  that  it  slows  and  stren|clhen&  the  heart  of  tiba 

turtle,  while  that  of  the  frog  is  slowed  anil  weakened,  and  it*  irritability  to  dcctricj; ^ 

stimulation  is  diminished. 

Organ  Eitracts.— The  fall  o(  blooil  pressure  produced  by  the  extract*  of  many  orfan^^^ 
and  of  uervc  tissue  may  Itc  due  partly  to  tlieir  cholin  content;  but  M>me   cbaraetcmU^i 
dilletences  have  been  describecl  (Osborne  and  Vincent,  1900;  Busquct  and  Pacfco 

>9io)'  ,_, 

Cholin Dirivaliver. — Hunt  andTaveau,  1006, 1009,  ioii;Hunt,  1913. and  D"*'  V^^ 
have  investigated  tlic  reiatii'e  toiicity  and  tirculaioiy  cUetls  of  a  Urge  sene*  of  i^ 
drrhatatt,  with  very  interesting  rciultt.     For  initancc,  the  substitution  of  till 
cholin,  is  alffloUany  manner,  Kcncrally  increases  its  HCiiviiy,  often  *t*y  S***"!'  ^'^*   , 
The  introduction  of  the  acetyl  radical  iiicrcajcs  tlic  dcpresigr  eSect  ioo,o«>  *'''''*>^ 
toxidty  only  three  time*  (Hunt).    Ewins.  1914,  bo*  found  aceljl-choto  in  ***<•'  .^ "»    lit 
coiioidere  it  roponsible  for  the  cardiac  inhibition.  ^^  *^ 

Other  Peri^ieral  Actioai.— Tlie  eflccts  on  inUUine  and  otVin  )«**•*  ******    »__. 
with  phytMttginin-    The  »ccretion  of  suliva  and  lt\irs  is  incirtivtd,    *''i'*-j?'>«E** 
■  nbkbcd.    Panertalie  ar/rttioH  i»  dinuiuahcd  by  small    0.0^53  ibton^  '*^b,-^ 
imulalioni  increased  by  Larigv  dosea  throush  p"'pl\<;,,\  jUtow^*"*"  '^h^7 
The  output  of  uric  acid  ii  increased  (Atil,  I0>  Jl- 
'ty.— Wenwt  and  Liebtenbcrg,  1906,  claim  that  cK<»\^^-ioie«^'***'     '"Hit, 
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ptoduM  tUtfllty  Ot  lessened  fuliliiy,  anulogoiu  to  the  effects  of  K-nyi  or  tliorium  X. 
Werner  and  Asher,  191 2,  find  similar  blood  nnd  skin  changed. 

Dtabibution.^Noimu]  serum  contains  about  1  part  of  cholin  in  400yOOO:  about  (he 
nme  concentration  e.usts  in  amniotic:  fluid;  somewhat  more  in  the  uilnc,  and  in  cardiac 
and  dieletal  muscle;  niudi  low  in  refrbr(i-»|iinal  lluUl  and  saliva.  Tbe  proportion  in  the 
blood  Of  cercbru-spinul  fluid  has  not  iivrii  found  increujcd  in  any  pathologic  conditions 
exttmmed  in  man.  It  h.Ls  been  reported  Jncreiitiod  by  removal  olihc  HupiatenaU,  but 
tlic  evidence  Is  not  dc<:i?lve  nnd  does  uot  prove  nny  cautalivv  coiineciion  (Ilunti  iqis)- 

FMb. — Chotin  is  laigcly  dctlroied  in  the  body  (v.  Ilorulin,  looO);  a  put  of  the 
metliyl  Mag  probnbly  oxidized  to  formic  add,  the  Kintunder  to  COj  and  wntcr.  Aftei 
oral  adrainutralioin,  only  $  per  cent-  of  the  cholin  cnn  be  rrcovored  from  the  IJMun; 
with  intrawnoiiit,  about  so  per  cent.,  the  grcnter  proportion  from  the  skin  (EUinger, 
I9)4}>    II  diuppeut  rapidly  from  the  blood  strea^m  (Hunt,  1915). 


NEORIN 


K/fll  CH 
TtimethylviDylunmonium',  CCHi)(N.v^q]|       '  may  be  formed  from  cholin  bjr 

MctcrU.     Itl  artions  arc  limilar  to  cholin,  but  much  stronger  (Pal,  igii);  and  it  Is 
far  »ore  toxic  (Lohmanu,  igiij. 


BET  Am 

{CHi).N^qJ|'  h   neatly   inactive    by    mouth;    hypodcrmically,   it   acu 

I  ainularly  to  cholin.    It  Is  <iuile  noH'tOSic  (Velich,  1014)1  even  .1,4  Gm.  per  kllOKram  by 
,  -^dn,  rat,  arc  harmless.     ]t  is  excreted  unchanged,  nnd  b  therefore  not  a  food  (.^ndrlick. 
"Vdfch  and  Stanek,  100*)-     The  preparation  and  properlicg  of  its  salts  arc  described 
f>y  ItolMnberg.  19:4. 

Setain  Hydrochlorid  dissocblci  in  solution,  and  hax  been  utilited  as  a  means  of 
^■dnnntttcring  loo«ely-bound  hydrochloric  add.    The  doK,  0.5  gm.,  8  gr.,  correspMtdt 
>il>out  I.I  ex.  of  Add  Uydrochloric  Dilute. 


QDATERNARY  AMMONIUM  BASES 

General  SUtemenL— The  organic  dcrivativrs  o[  ammonium  have  a 

iking  iiiimlarity  in  their  action.    Th«y  produce  a  curare  effect,  i.t., 

j>ajrs.\y%isol  the  nerve  endings  of  striped  muscle  (Brown  and  Frascr,  1869); 

some  also  muscular  tremors  in  frogs;  and  thoae  posAeasing  three  or  four 

met-hyl  groups  cause  a  muscarin  effect,  i.e.,  peripneraJ  stimulation  of  the 

cardiac  vagus;  and  a  niculin  action,  i.e.,  paralysis  of  sjTiipathetic  ganglia. 

The  curare  effect  evidently  depends  on  s-valent  nitrogen;  or  rather,  on 

the   sttreochemic  configuration;  for  the  same  characteristic  is  shown  by 

tlic   corresponding  phosphorus,  arsenic  and  antimony  compounds.     The 

various  actions  differ  in  degree  with  the  various  derivatives — »>,.  the 

metbyl  and  ethyl  ammoniums^in  ways  which  are  not  ea^ty  explainable 

by  their  constitution  (Bum  and  Dale,  1915). 
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■reTRA-MRTHYL  AMMONIDM  CHLORID 

This  I'roducci  a  t>-iiical  curare  effect  in  mnmmali  unU  frogs,  .\mmonium  cnnvul- 
tioMc  ix.'cur  in  nutmmaV.  but  not  in  frogs,  being  prevented  in  the  latter  h}'  ihc  more 
fo^rrful  <:uTatc  purulysii.  The  ciTciiialion  shows  a  (all  of  blood  pressure,  Eenerally 
*itl  slowing  of  the  heart,  hy  peripheral  vagus  stimulation  and  peripheral  vasomotor 
iVn'jainn  The  trtpimtian  is  lempoiarily  puralyxed  hy  intrnvcnous  injection;  in 
Ac^brAted  sDimal*,  this  is  preceded  by  respir».tory  stimulation.    The  paralysi*  ii 
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SmoUng  ff  lobatee  increasw  ihe  coronaiy  prtrsiurL'  (Bond,  191 1).  In  noncn,  Uwre 
li  ccncrKlly  n  rite,  then  fall  of  systemic  blood  pccuurc  (Lcc,  190S).  John,  191  j.  temad 
in  typical  casts,  after  ^mukiug  eight  tu  ton  dfiiicctltM  ui  two  nicdjutn  ciicm.  that  the 
dinKlnlic  pressure  rises,  and  often  remnina  high  for  two  houn.  The  effect  b  pronortkoii' 
ate  [o  the  nicolin  coDteat,  and  is  perhaps  due  to  the  nnusca.  The  effects  on  ibr  pulM 
rate  w-ete  variable. 

Cattrlid  Refiex. — The  reflex  fnll  of  prenure  which  ordinarily  roult*  from  tntclton 
of  ih«  cephalic  end  of  the  c&rolid  itrtcry,  is  abolished  by  nicotin  (SoUdudd  umI  Brom, 
191s). 

Arylhmut. — WJth  larger  experimental  doacs,  ibc  slow  heart  beat  IS  replaced  quil* 
suddenly  by  great  qukktnins  Lhrou^h  paruiysiii  of  the  vajtiu  |:iiiMCl>i>>  "^b^  nicutiiiiml 
heart  mny  theicforc  be  slowed  by  niuscarin,  or  slimulnlion  of  the  rinus.  but  not  by 
slimuliilion  uf  llie  vugiiK  Irunk-  Accordiii^  to  Kust.  1510;.  ihc  seronii.iry  iuccle-ntkiii 
idio  involves  i  (jaBgliomt  accelerator  stimulation,  which  passa  finally  into  poralnu. 
FitctriHii'iiiopitiM  (dog)  often  show  a  nodnl  rhythin  (synchronous  sctjon  of  aut{ck« 
iind  ventricles),  interrupted  by  cxl^ilsyE^ok'^:  and  other  irregularities  identical  with 
thoie  of  stimulation  of  the  \'agi  and  accelerators,  separately  01  tOjjcther  (Pocii  aivd 
Clcic,  igij;  Bull,  Clerc  and  PumI,  i9t4). 


Re  Sjji  ration 
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F]i;-   ti- — DiaRnim  tit  Ihr  actiouof  nicotin. 

Blood  Fresiure  in  Toxic  Slant. -^Thh  may  be  very  hinh  and  the  centml  vasomotor 
•tiroulalion  persist  inlo  death  (rilcher  and  Sollmann.  1913),  but  xs  ibe  peripheral  toso- 
molor  mechanism  bemmc.4  mure  and  muri'  dcitics^cd.  the  vewelx  become  dilated  and 
the  pttisutc  fa!U.  Tlic  dilution  can  be  plainly  seeii  in  Ihc  intestinal  veueU  or  Uie 
rabbit's  ear.  The  vasomotor  paralysis  is  rarely  complete,  »o  that  direct  or  redu 
Btlmulalion,  or  a  second  injection  of  nicolin,  ugain  causes  ashorl  con»triclIoD.  Tltc  hcart- 
muule  evenluuUy  wears  out,  mainly  became  of  the  lowered  coronary  preiMiTe. 

Caronnry  Circulation. — This  is  slowed  by  the  constriction  of  the  coranaty  veweb, 
nolwithataiidinft  the  niised  bloud  pressure  (MoraivtLe  and  Znhn.  1U14)- 

Pidmonart  and  Itrfialic  IVjir/i. — Thc»c  arc  constricted  (Bcmin.  1914). 

Eitised  .\famtiuilliin  Haul. — ^VVhcn  perfused  with  nicolin,  this  show*  typacal  vacua 
effects;  first,  diustutic  standstill;  then  gradually  resumption  and  fioslly  occderaUoa 
above  normal,  with  increased  amplitude.  The  primary  utandatill  ii  aboliili«d  by 
ntropin.  The  secondary  acceleration  is  probably  due  to  accelerator  itimulatiaa  (Cterc 
and  I'ljca,  itjii). 

Peripheral  Actions  on  Fnii'  Vcstflt. — By  pertu.'ion  thtoujih  dcxerebralcd  frof;s, 
nicotin  produce  immediate  vasoconalriction  and  muscular  iibrill.ition.  These  effects 
di&apj>cai  iu  ii  few  miriulcs,  during  Ihe  perlusiuu,  and  tan  not  be  restored  by  further 
nicotin.  Kpincphrin  is  =(ill  effective.  Tyramin  suppresses  the  nicotin  cooslrictioo 
almost  completely  (lUndovsky  and  Pick,  191J). 

Fnf  Heart. — The  application  of  ntcolm  prtxiuces  a  brief  diastolic  siandttill,  (ttiai- 
ulatiofl  of  vagus  ganglia).  The  heart  then  resumes  its  beal,  and  iilimulatloa  of  Ibe 
vaicus  trunk  becomes  ineffective,  whereas  sinus-stimulation  or  muicarin  slows  or  ■rreatc 
the  heart.    The  nicotin  has  therefore  paralyzed  the  vagus  Kunitlia. 
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I  im  Prog  Rrarl. — The  l>'|>iciil  tttccis  ot  hnt  «f«  oppo«ilc  to  thoM 
t\t!is,  a  neuu-d  lieuct  iciponds  mote  readily  to  the  drug  (Ztmda, 


I 
I 
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Intestinal  Actions. — Nicotin  provokes  violenl  contractions,  due  mainly 
to  Hlimuliition  of  the  Aucrbach  cells,  but  also  involving  other  structures 
(sec  p.  ^76),  Tlicse  peripheral  actions  explain  the  diarrhea,  and  are 
perhaps  aJso  concc-rnuil  in  the  nausea  and  vomiting;  but  these  arc  essen- 
tially central. 

Pupils. — Thpic  show  both  contraction  and  dilatation  al  different  tiroes.  niculiQ 
actinic  Qpon  the  ganglia  of  both  the  ocutomolor  a.nd  lymjinthetic  Ahem.  There  may 
even  be  a  direct  iiction  iipiin  thr  iris  rnustlc.  Tliecilecl  is  different  in  different  :inimaU: 
TIk  doK  and  cat  uiunlly  ihnw  dilaialjon;  the  rabbit  lint  conitricllon  and  then  dilatnlioo. 

Tlie  c0ccts  on  the  hronrliiril  miisrJr.^  hnvc  been  dcv.rilicil  on  p.  170;  thiur  on  the 
uuriu  on  p.  };o.  Excised  urrimbovn  primury  slimulation  and  secondary  dcprcHlon 
(Ma«:ht,  1916). 


I 
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Effects  on  Glandc. — Secretion  U  ttrncntlly  stimulated  through  the  ganglia.  This  is 
ptftkutarly  fxuniinenl  with  the  saliva.  Small  iIubcs.  however,  cliange  the  response 
10  uimulation  of  the  chorda  nerve,  10  that  thii  diminishes  icctetion  (Dale  and  LaidUw, 
iQii).     Luteal  wcrclion  a,  not  increased  (Olt  and  Scott,  t^i  i). 

GJvCMxrio. — Nicutin  prevents  the  Kly<^<^uriii  which  ordioanly  follons  ihc  injectioa 
o/callcioandeplneplmn;oron  piqurc  (Maclcod  aod  Dolley,  igos).  Tliis  could  Ik  due 
lo  poralyiii  of  tbc  ganglia,  or  to  the  lowered  blood  prcs&ure. 

Jnctt«trd  Snrtlion  e/  Epinephrin. — Cannon,  Aub  and  Biajjer,  1911,  believe  xhax 
nicotin  has  this  effect  in  cats;  and  Jackion,  1913,  invokei  it  to  explain  the  pcculiaritiei 
in  the  rctponic  of  bronchial  mu&rtc. 

Ctrtbre-tpinat  Fluid. — The  prcuurc  simply  Follows  Ihg  circulatory  changes  (I)Ison 
aad  HalUbiulon,  1914). 

fifedetMl  Muscles. — In  frogs,  injection*  of  nicotin  product  fibrillary  ivAtcluHU, 
Ttew  dtuppcar  after  the  section  of  the  nerves,  but  arc  started  again  by  Hiiortstimula- 
liua  of  the  nerve  or  muscle.  They  are  nbolishtd  by  curare;  and  convenely  .nicotin 
counteract*  the  curare  paralysis.  The  stimulant  tflcct  must  therefore  be  00  the  ^me 
MniclurM,  iMmely,  the  nerve-endings.  Mammal*  also  show  fibrillar  contractions,  hut 
ihsMaK-of  central  origin.  The  peculiar  muscular  phenomena  In  fowls  (Langley)  were 
dbcu»ed  on  p.  a68. 

Curarr  Atlioti. — Nicotin  also  has  a  curare-like  effect,  which  becomes  pronunent 
later.  In  tbc  milder  itagei  thit  is  shown  by  an  ccjually  utrong,  or  stronger,  current 
being  Kquircd  to  obtain  coQtraclion  when  the  slimiiUiB  is  applied  ioIhcncr\'c  than  when 
It  la  placed  on  the  muscle.  In  the  normal  prcfiarution  the  oppoiite  is  ths  Ciise.  The 
eicitability  and  irritability  of  the  muscle  cells  is  alio  diminiiihed  by  nicotin  on  direct 
kppticMion. 

Local  Actions.— Free  nicotin  is  caustic  by  its  alkalinity.  Slrongaolu- 
tions  paralyze  the  nerve  fibers. 

Lower  Onaniams.— Nicotin  is  one  of  the  most  efficient  insecticides  (McClintock, 
Hnnultoo  and  Ix>wc,  ii>i))-  Tobacco  juice  and  smoke  are  distinctly  antiseptic,  and 
t'ullcnon,  iQii, claims  that  they  tend  toprctcrvc  tlie  teeth. 

Fate. — Nicotin  is  absorbed  extremely  rapidly  from  mucous  membranes, 
aod  especially  from  the  lungs;  more  sJowly  from  hyiiodcrmic  injections 
and  from  tlic  intact  skin.  It  is  excreteil  only  in  small  part,  mainly  by 
the  kidneys,  but  also  by  the  lungs  and  sweat. 

Dixon  and  I.ee,  lois,  confirm  the  older  itatemenl  thot  it  Is  partly  destroyed  in 
Ihc  liver,  and  claim  tnat  thit  datructJon  i*  Increased  by  habituation;  but  Clark,  1911, 
found  no  deMruction  by  fro|;'s  liver. 

I  ACOTE  NICOTIN  OR  TOBACCO  POISONING 

Most  cases  of  jioisoning — ouUlde  of  the  slight  ones  from  first  attempts 
at  smoking — have  been  produced  by  its  medical  application,  en^pecially 
by  the  laity;  and  .since  thi.s  has  been  largely  abandoned,  serious  acute 
Dicotin  poisoning  has  become  rare. 
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Smeiing  of  Ichacce  iecccufcs  the  coronary  pieHure  (Band,  1911).  In  novkcs,  tbo* 
[g  ({cncrnlly  a  rij:e,  then  fnll  of  '-y^tcmic  blood  preuure  (I.cc,  i<)o8).  John,  iQij,  found 
in  lypical  cases,  afirr  smoking  eight  lo  Ipn  dgncette»  or  Ivfo  mc^lium  ci^ati.  thnl  the 
dlimtolic  pleasure  rises,  nnd  often  rcmiiins  high  for  two  hours.  The  effect  u  praporlioa- 
ale  to  the  nlcotiu  coQlcnt,  nnd  is  pcrbaiia  due  to  the  naufieii.  The  cficcts  on  tiie  pui>e 
nte  were  vnnnblc. 

CarolU  Rffiex. — The  reflex  foil  of  prcMiiic  which  onlinarily  nsults  from  Uaction 
of  the  cephalic  end  of  the  curotid  aitcty,  b  abolished  by  oicolm  (SoUmonn  and  Brown, 
•91  i). 

Arylhmia. — With  larger  experimental  dojci,  the  slow  heart  beuC  t»  replaced  qiiite 
suddenly  liy  great  quUkening  Ihrouj-h  piunlj-si*  of  the  vugu*  gEinglin,,  The  nicotinucd 
heart  may  therefore  be  slowed  by  muscarin,  or  »limulntion  of  the  luiiu,  but  not  by 
ttlmiilatioD  of  the  va^us  trunk.  Accordin^c  to  Ko^e.  1005.  tlie  scivndar)  attderatira 
also  involves  a  ganglionic  accdenlor  stimulation,  which'  puuc»  linally  into  jkaralyui. 
fJntrinardiograms  (dog)  oflen  show  a  noitX  rhylhm  (synchronuus  action  li  aiiriclei 
and  ventride?),  interrupltd  by  enlrasystolra;  and  other  irregularities  identical  with 
thane  of  sllmiilntion  of  the  viigi  and  accelerator*,  srpurnlcly  or  loifclhcr  (Pocai  ud 
Cicrc,  1913;  liull,  Clerc  and  I'ozzi,  1914). 


Res|)iration. 

Vagits. 

Vessels. 
HeartiStrenql 
Blood  Pressure. 
HearTKafe. 


Doses. 


Zayyf 
Doits. 
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Pin.  i>. — Diagnm  of  tbi  aotlont  o(  nicotia. 

hloni  P'f-tsme  in  Toric  Stacf.^Thh  may  be  very  hE)th  and  the  central  vasomotor 
ttioiulalion  persist  into  dcnth  {Pitcher  and  Sollmonn,  1915J,  but  ll^  the  periphetaJ  vaafr- 
molor  mccliani^m  becomes  more  aud  more  detiroacd.  the  vcMck  become  dilated  and 
the  frestiirc  jails.  The  diUlJoii  can  be  plainly  seen  in  the  latmlloiil  vesi«lt  or  the 
rabbit's  car.  The  vasomotor  pnTaly<.i9  is  mrely  complete,  *o  thai  direct  or  rrflcx 
Stimulation,  or  a  second  injection  uf  niiolia,  again  causes  a  short  constriction.  Tbe  bcart- 
inusde  eventually  wears  out,  mainly  because  of  the  lowered  coronary  prEaanre. 

Coronary  CircuUition,~'t\m  i»  slowed  by  llie  conntrkllon  of  tbc  OOTDIwry  veMcb, 
not withs Landing  Ihc  raised  blood  pressure  (Morawilz  and  Zahn,  1914)- 

Fulmonary  and  Ilepaiir:  Vcsirls. — These  are  ronslrirlcd  (Rerealn.  1914). 

Excisfd  M •immatiiin  Henri. — When  perfused  with  nicutin,  Ihift  showa  typical  vafus 
effects;  first,  diastolic  sUindsIill;  then  gradually  mumption  and  liaaily  scccleratioa 
above  normal,  with  increased  amplitude.  The  primary  standstill  is  aboUsbed  by 
nlropin.  The  secondary  accclerntion  is  probably  due  to  accelerator  fttlmulation  (Clerc 
and  fuui.  1911). 

Prripliaiil  Actiont  art  Frags'  Vissdt. — By  perfusion  throuith  dccerebrat«d  (ro(s, 
nicotJn  ptoilucet  immedl.ilc  vniioconslriciion  and  muscular  fibrflUtton.  Tlcte  cflccts 
disappear  in  a  few  imoules,  during  the  perfusion,  and  can  not  be  restored  by  furUter 
nlcotjn.  F.pinephrin  is  still  effective.  Tyramln  supprestes  the  nicotin  coosuiclioo 
almoftt  completely  (Kandovsby  and  Pick,  rQij). 

Frvf  tltirt. — The  application  of  nicotin  produces  a  brief  diaslolic  standstill.  I'stim- 
Illation  of  vagus  gangliaj.  The  heart  then  rei^umes  ilg  heal,  and  stimulation  oi  tbe 
vagus  trunk  occomes  ineffKtlvt.  whereas  ^inus-alimulationur  muscarin  slows  otanrats 
the  heart.     The  nicotin  ha»  therefore  paralyied  the  vagus  ganglia. 
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Htttland  .Viorfjn  mi  Prot  Itnari.^The  lypicnl  cflceW  o(  heat  afc  opp<»ite  to  thOM 
cd  nirotin;  n«\'cr11iclmi,  a  neatfd  hcarl  mpuacU  mure  readily  10  the  drug  (Zandk, 
1913). 

Intestiiial  Actions. — Nicottn  provokes  violent  contracLions,  due  maiiily 
to  stimulalioit  of  Ihc  Aucrbach  cells,  but  also  involving  other  structures 
(see  p.  176).  These  peripheral  actions  explain  the  diarrhea,  and  are 
perhaps  also  concerned  in  the  nausea  and  vomitin);;  but  these  arc  essen- 
tially central. 

Papils. — TbM«  »how  both  contrixction  and  dilatation  at  iMercnl  titaci,  nicutln 
actinx  upon  the  ganfjliu  of  both  the  nculomotot  und  i>-mpatheti[;  fibcn.  There  mny 
cvcB  be  a  direct  .irtion  upon  the  iiii  muitclc.  The  rflect  itdillcrcnt  in  iliflrrcni  animaU: 
Tbe  dug  and  cat  usually  ihow  di!a  La  lion;  the  rabbit  first  constriction  and  then  dilnlalioo. 

The  effects  on  the  broHrhinl  miudft  have  been  dcicribcd  on  p.  370;  thoic  on  the 
uUtus  oa  p.  );o.  Excised  arrJtt  fhows  primary  stimulslion  and  secondary  dcprcsuon 
(Mavht,  1016). 

Effects  on  Glmds. — Secretion  13  generally  stim-uktcd  through  tlic  ganglia.  Thi»  ix 
particularly  pramineni  with  the  Miivt.  Small  dcsei,  however,  change  the  rcspuntc 
10  stimulation  ot  the  chorda  nerve,  en  thnt  this  diminUhe*  necretion  (Ook  and  Laidlaff , 
■pii).    LocUat  secretion  is  not  increased  (Ott  and  ScotI,  loii). 

Gfycuurio. — Nicoiln  pn:%-cul«  the  gt>'cosuria  which  ordinaHly  foUowi  the  Injection 
tA  cafida  and  epinephrin;  or  on  pitjure  (Micleod  and  Dolley,  1905).  This  could  be  due 
to  puaJy^is  of  the  g.inglia,  or  In  the  lowered  blond  pressure. 

Ituttaifd  Stittlien  ef  F.pinfpkrin. — Cannon,  Aub  and  Bingcr,  I9i>.  believe  thai 
nioolin  has  this  effect  in  cais;  and  Jackson,  1913,  invoices  it  to  explain  the  peculiarilicii 
in  the  respond  oE  bronchial  muscle. 

Cfrttro-tfiinal  Fluid. — The  pressure  simply  follows  the  circulatory  changes  (DUoit 
aod  Halliburton,  1014). 

Skeletal  Muscles. — In  frogs,  injections  of  nicotin  produce  /ihriliary  twiUhinp. 
dii.ipiiciir  .iftcr  the  wclion  of  the  ncrtc?,  but  arc  started  agnm  by  snort  stimula- 
rve  or  muscle.  They  are  abolished  by  curare;  and  con vuriely  .nicutln 
curare  paralysli.  The  stiniujunt  effect  must  therefore  be  on  the  same 
ItractUTCS.  luniely.  the  norve-ciidings.  Mammals  also  show  hbrillar  contractions,  but 
thee  nre-oF  centra!  origin.  The  peculiar  muscular  phenomena  in  fowls  (Langley)  were 
discussed  on  p.  lA^ 

Ctirart  Acii&ti. — Nicotin  also  has  a  curare-likc  effu:t.  which  becomes  prominent 
bl«i.  In  the  milder  stages  this  is  shown  by  an  equally  strong,  or  stronger,  current 
being  required  to  obtain  contraction  when  the  stimulus  is  applied  to  the  nerve  than  when 
It  b  plaopd  on  the  muscle.  Xu  the  normal  prcparution  the  opposite  is  the  case.  The 
exduliQity  and  irritabDity  of  the  muscle  cells  is  kIso  diminished  by  nicotin  00  direct 
application. 

Local  Actions.— Free  nicotin  is  caustic  by  its  alkalinity.  Strong  solu- 
tions paralyze  the  nerve  tibers. 

Lower  Oncaniaras.— Xicotin  is  one  of  the  mcBl  efficient  insecticidt*  (McCliniocL. 
Ilamillon  and  Lowe,  1911).  Tnbacco  juice  and  smoke  are  distinctly  antiseptic,  and 
PuHcTton,  1911,  claims  that  they  tend  to  preserve  the  Icelh. 

Pate. — Nicotin  is  absorbed  extremely  rapidly  from  mucous  membranes, 
aod  especially  from  the  lungs;  more  slowly  from  hypodermic  injections 
and  from  the  intact  >kin.  It  is  excreted  tmly  in  &mall  part,  mainly  by 
the  kidne}*!!,  but  also  by  the  lungs  and  sweat. 

IKxoo  and  I.ee.  101 1.  confirm  the  older  statement  that  it  is  partly  destroyed  in 
the  Kvcr,  and  claim  that  this  destruction  is  increased  by  habituation;  but  dark,  igu, 
fcinnd  no  deativctlon  by  frog's  liver. 

ACUTE  mCOTIN  OR  TOBACCO  POISONING 

Most  cases  of  poisoning — oul»ide  of  the  slight  ones  from  first  attempts 
at  smoking — ha\'e  been  produced  by  its  medical  application,  eft[)eciaUy 
by  the  laity;  and  since  this  has  been  largely  abandoned,  serious  acute 
nicotin  poiitoning  has  become  rare. 
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The  spplicatioQ  ol  tobacco  to  wounds  or  bruuet  is  not  withonl  dangtt.    F-  C.  G»x^- 
vin,  i9>3.  iia^  i«porUd  the  death  ol  a  girl  of  aix  and  one-half  y«an,  fotty-fivt  tninut^^ 
slt«r  the  odomiiitntion  at  lea*  than  1.5  Ura.  of  tobacco  by  cnenu,  o^nst  ptnvorcn v^ 
In  other  cams,  the  limt  of  dealk  bat  v&ried  from  three  minutes  lo  twen  houn.    PromC'' 
dcaU)  has  also  occurred  Irum  *waUomiig  nicolin  plant  spiny  (Feil,  1916). 

T<>ild(T*~-Kl<=ot^  ^  '>"''  of  the  mo«t  fatal  and  rapid  of  palsona;  the  rapor  arini 
from  a  gbus  rod  mculencd  with  it  and  brought  near  llie  beak  of  n  naall  bird  cauaf* 
to  drop  dead  B<  once,  anJ  1  dropt  plucodoa  thcfumioladoit  nuyciuscaaioularRs^K 
"Die  fatal  di»e  for  a  mnn  Ji  nbout  60  ms.;  of  tobacco,  about  2  Cm.     It  acta  with  a  *v^ 
ncM  eoualcd  only  by  liydrocynni':  vela.     In  ^'icw  of  the  high  oicotin  content  ol 
bocco  (one  cuai  coaloins  a  quantity  of  nicucin  vrlikh  would  prove  fatal  to  two  per*^: 
If  directly  l^cctcd  into  the  circulation),  also  because  of  iu  popular  diUribulioa^ 
appears  aitoDtshing  that  fatal  ntootiii  pouoning  is  not  morr  tommon:  but  just  t    ^ 
wide  distribuUon  and  Lnowledge  of  the  drag  fona  the  ufcguard,  <8  aU»  Ihc 
taste. 


Fn.  1], — Nloolln.       SuccHSivt  pualilam  ot  frag  poUoavd  with  Jj  b^  nioeihk 

Symptoms. — In  lighter  ciises,  such  as  commoiil)'  occur  in  smoking, 
peripheral  and  nauseanl  fictions  predominate.    There  is  first  an  inc 
flow  of  saliva,  partly  rcflcxly  through  the  mechanical  irritation  of  smoke        ^ 

but   mainly  by  direct  stimulation  of  the  ganglia  through  the  nicotJB ^ 

Nau£ca,  vomiting,  and  diarrhea  soon  appear.    The  sweat  glands  are  alst^^ 
affected  in  a  pcculiiir  manner:  There  is  a  itensation  of  oncoming  swcat^^^ 
which  docs  not  actually  break  out.     .A  sensation  of  exhaustion  appear^^" 
very  carK— partly  as  the  result  of  nausea,  but  mainly  as  the  first  indica— ' 
tion  of  central  collapse  action.     Palpitation  is  abo  noted. 

Saiere  casts  !>how  immrdiaie  fainlness,  prostration  and  muscular  weak- 
ness; severe  nausea,  vomiting  and  diarrhea;  followed  quickly  by  codvuI- 
^ons  and  collapse  (Garvin). 

The  ctfccta  of  p^MDtog  with  pure  nicaiin.  which  ha\-c  bwB  very  ouefnlly  ttudM 
nperimeniaUy  on  dmm,  bear  the  i^rvutat  resemblance  to  the  above.  After  ■  to  4  ik. 
there  were  buraing  in  the  month,  3.  scralchinu  Mnsatlon  in  the  phoryax,  increased  wK- 
VBtion,  K  •cniiiiion  u[  heat  spreading  from  the  le^oa  of  the  stomach  over  the  wbelt 
body;  exdicment  wilh  headache  now  appeared,  then  vertigo,  confualon,  dlitufbcd 
viiuin  and  hrariAg,  photophobia.  dr>'ncsR  in  month,  oold  extremities,  nausea,  vomiliBC- 
and  diarrhea.  Respiration  ijuickened,  but  diflkull.  Pul»e  at  first  increued,  tbM 
inegular.  After  farty.iivo  minutes  there  «■»»  syncope,  with  clonic  spasms.  Recovviy 
oocuncd,  but  n  geQcral  depression  pcrt^isled  for  three  dnyt. 
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The  treatment,  a.ti(lr  from  the  diemic,  conttUu  of  nolTce  and  other 
stbnolants  and  in  meeting  the  symptoms.  Kmctics  will  usually  not  be 
necessary. 

The  postmortem  appeBimiices  .-iic  not  diaractcn'ttic,  oldlOUgh  \uar  (in»cK  CAUSt,  m 
•nimui!..  anrmiu  i>(  rlu'  riit-nlngcs  unii  peculinr  anatomic  chuiiCM  In  tur  ixirticul  aervc- 
I  cells.     When  token  by  the  maulh,  there  nuy  be  gontni:  and  intcitiniil  hyprrcraia,  f>ince 
fnlcolin  is  Mifficicntly  iilkalinc  to  be  soniewhst  faustk.     The  odor  may  furnish  h  valu- 
able ioilicatJDQ. 

The  ff«o{<ii  the  poUon  after  its.  ocpitrAtion  xasiy  \k  hiA  hy  its  nAar  and  by  obtiUningt 
^lls  phytloloKlc  acllona  on  fri>t».     The  iriusculiii  Iremon  and  the  iHiMtion  which  u  Iroa 
sanies  after  tticotin  are  hignly  dumcteriilic  (Fig.  t  j).    A  conirni  animal  should,  of 
Pcounc,  be  \neA. 

The  chcmSc  te&ts  axe  of  no  praclicH)  iinpoiliuicc,  Hinca  very  similiir  reactions  are 
given  by  coniin  and  by  a  plomain. 

Nicotin  \i  very  ttstsUint  tn  pulrrfaelion,  and  htts  been  )iu>tHtcd  from  thcdeconnponed 
bodio  of  animals  three  months  alter  dcslli. 


HABITDAl  DSE  OF  TOBACCO 

The  question  of  the  effects  of  smoking  has  been  largely  discussed  with 
a  rather  unscientific  extremeness,  some  contending  that  it  is  entirely  harm- 
less when  moiJeralely  used;  whereas,  on  the  oilier  hand,  an  enthusiastic 
French  writer  has  gone  so  far  as  to  attribute  the  defeat  of  his  nation  in 
the  war  of  1870 1"  the  prevalence  of  cigarette  smoking.  Of  liie  two  views, 
the  former  would  seem  to  come  nearest  the  truth  if  the  stress  is  laid  upon 
the  word  "moderate," 

Since,  next  to  caffein,  nicotin  is  the  alkaloid  most  widely  used,  an  im- 
partial discussion  of  this  question  is  important. 

Compositioa  of  Tobacco  Smoke. — The  effects  of  the  smoke  are  due 
practically  entirely  to  the  nicotin  contained  in  it.  There  are  other  toxic 
constituents,  but  their  quantity  is  too  small  to  be  practically  important. 
This  has  been  proved  both  by  chemical  considerations  and  by  animal 
experiments  (Lee,  1008;  K.  B.  Lehmann). 

Hitotin  exi»ls  in  tobacco  mainly  in  the  foTin  «( »«lu  of  organic  acids  {Caraer,  1908). 

Lfiy  tbe  brat  of  smoking,  thc9c  arc  iuritely  dissociated,  a  part  ul  the  nicotin  being  burned, 

Eamd  a  part  pBiung  into  the  smoke  a^t  free  nicotin  (I.ehmann,  1909).    The  drier  the 

Itobttcco  uid  the  xrcutcr   (lie  hciit.  the  Xv^i.   nicotin  will  escape  destruction.     Moist 

ttobacco,  especially  cigars,  therefore,  produce  severer  ritects.     This  is  more  important 

'  tlutn  the  nicotin  content  of  the  original  tobncco  ([.cc,  iijoS).     In  eipcriments,  between 

t$  and  90  per  cent,  of  the  nicotin  present  in  the  l<<tiacco  urc  recovered  from  the  aniolit; 

but  a  greater  part  ot  this  i»  exhaled  or  expectoiuttd;  in  natutal  (intermittent)  smoking, 

the  x^pirated  f^moke  contains  only  n  sixth  of  tliR  nicotin.     About  1  to  1.4  mg.  of  nicotin 

would  actually  be  aluorbed  from  a  ciKiir  (Li'limunn.  1907),     In  citareitt  imokinc,  where 

Inhalalka  b  commonly  practised,  the  perccntiigc  absorbed  would  be  rclotivcly  high, 

Qau  KtOiUAing  for  its  reputed  drlelcrious  erTccrs.    'I*hc  avera((c  nicotin   content  of 

~ — ~(te*  (1.69  perecnlj  u  ratliirr  lower  Ihiiu  that  of  other  forms  of  tobacco  (leaf,  3.04, 

^ .  t.$a;  cbewing,  1.14):  nor  is  there  anvthing  in  the  popular  notion  that  cigarettes 

OBtAJa  opliun  or  oltier  added  narcotics  (Tmir«lon,  iqij). 

OQiW  Toxic  ConstitueQtSi. — These  are  formed  by  combustion,  and  vary  greatly 
diDE  to  conditicinE.  As  an  illustration,  l.re  found  in  the  smoke  of  too  Gm.  of 
x»,  Dc»ldt3  i.ibj  titn.  of  nicotin,  the  followini;:  Pyridin  bases,  0.14b  Om,,  eliiefly 
It  and  collidin;  hydioc)'nmc  acid,  0.08  <;m.;  ammonia,  0.36  Gm.;  CO,  410  c.c. 
be  HirUin  toiiu  act  somewhat  si niila I ly  I ■>  nicotin,  but  with  important  differences  (l.cc). 
Pyridtn  b  a  stronx  local  irritant  with  tow  toxicity,  a  10  [XTCfnt.  solution  lias  been  UHcd 
by  atomiiet  in  asthma  and  fetid  bronchitis.  It  produces  Grit  dyspncic  then  shallow 
r«QliraltaB.  Brunluu  and  Tunnlcliffc  (J.  Phyhiol.,  17:  ?ui)  refer  the  e&ects  mainly  la 
senaory  panlysis.  Large  doses  arrest  the  heart.  The  hydrocyanic  add  in  the  smoke  of 
a  Ctjiar  amounia  only  lo  0.001  to  0.5  mg.,  and  would  have  no  significance  (Lehmann  and 
C under maiui,  191 1).     If  a  litr};e  number  of  persons  smoke  in  a  confined  atmosphere,  the 


^14  MANUAL  or  PHARMACOLOGY  ^^^^^^^^ 

earboit  m9»oxid  \a  tbe  ntr  of  the  room  may  riie  Co  a  dBngerous  d/egnt,    Th*  araoulSc  I 

csenlia]  oili,  nhich  gix-c  the  ilA^-or  to  tobacco,  arc  practically  InaeOve.  I 

Ancnic  is  sumciiinc&  prcotnt  ia  lurmful  quantities  when  Paiii  gttcn  has  been  otd  I 

on  ilic  jiliuit  HA  an  iiuccticide.  I 

Tolerance  and  Habituation. — ^The  quantitative  effect!!  of  nkolin  \xn'  m 

considerably  in  different  person*.     Similar  variations  arc  observable  ib  I 

animals,     Younfi  individuals  arc  more  susceptible  than  adults.    Coo-  m 

sidcriible  lulerancc  is  acquired  by  cotilinued  use,  ao  tltal  moderate  doiti  W 

lose  ali  the  usual  unpleasant  acute  effects.    The  rapidity  and  complete-  ■ 

ness  of  the  habituation  alao  \'arie£i  with  individuals;  dependent  partly  oa  ■ 

individual  susceptibility;  partly  on  the  manner  in  which  the  drxig  is  uied.  1 

whether  the  timoke  is  inhaled,  the  saliva  expectorated,  etc.    The  tolenncc  1 

U  ne^tr  absolute;  it  seems  to  be  higher  against  sublethal  than  agaios^  1 

lethal  doses.  i 

HabituatiOD  in  Animola. — Tlie»e  acquire  only  a  limited  toleraace  (Hatclier,  '9^*^ 
Edmunds,  1909;  Ailler  iind  Hciuci,  1905.  could  twt  produce  any  tokrance).     Katc^*** 
gliu*r<(t  that  the  scrum  of  faftbilmLted  anuoab  dees  not  protect  othen  aninst  laicoc"*^  jl 
tioo.    Dixon  and  Lee.  :9ti,  claim  that  the  liver  of  habituated  animalt  dcjtioyi  nic*>  ^S 
•omewhat  more  rspidly.    Rdmundt,  1916,  failed  to  coafirta  this.    At  bMt,«lBee    *- -'" 
dcitrurtioR  \t  slow,  ii  would  protect  only  when  small  dows  are  liiuodiK«d  fnAx^y  -^ 

E0ects  of  Moderate  Use  of  Tobacco. — When  the  tolerance  has  l>*--  ^ 
acquired,  the  continued  use  of  tobacco  within  a  certain  individual  l'*"*^^ 
produces  absolutely  no  unpleasant  symptoms;  but  if  the  limit  be  at  s 
lime  sufficiently  exceeded,  the  symptoms  of  chronic  poisoning,  presen. 
to  be  discussed,  ari»e.    After  a  long  time,  some  twenty  years,  these  syi 
toms  may  also,  but  rarely,  occur  in  those  who  have  alwa)-s  kept  witi 
bounds. 

With  habituated  individuals,  tlie  use  of  tobacco  by  smoking,  die ^ 

or  snuffing  brings  wilh  it  a  certain  pleasant  sensation,  which  is  somewh~»^^y 
difficutt  to  define.    There  appears  to  be  a  certain  repose,  which,  whi  *  '" 
it  neither  directly  aids  nor  hinders  the  psychic  processes,  leaves  the  mi  ^e^" 
free,  and  in  general  raises  the  user's  enjoyment  of  othct  pleasures,        ^  ^ 
lessens  his  annoyance  at  the  opposite.  ■ 

1'he  expcri'encc  of  military  campaigns  appeara  to  ihnw  that  the  uk  o(  tobacco  cn>L^^ 
tcldicis  to  endure  greAtec  hardship  and  huneer.    With  the  ergotcraph,  I'almta,  19 
found  that  cigirctic  smoke  at  lirat  increaicd  the  mutaiiar  vork,  but  that  faligst    - 
in  HRoncr,  ind  the  total  effldeocy  was  decrtatod.    Nice,  1 9 n.  found  that  the  ntiatia       .,^ 
aciiviiy  of  mi<:e  in  a  revolving  cage  was  not  diminished  by  (altly  hi(h  and  loil|.oc-^^^  > 
tinued  dosci  of  nicotin. 

The  blood  pressure  during  smoking  ri>es  slightly  and  slowly  in  mo  ^"Tj  I 
eratc  smokers:  in  inc.vpcricnccd  smokers,  it  .ihowji  a  ftharp  rise  at  first,  ac:^ 
considerable  fall  when  collapse  sets  in  (Lcc). 

Nicolai  and  Stachciin.  iqio,  found  that  in  tobacco  men  the  heart  rate  aventf^'  " 
(ooiewhat  hlKhci.  cf.ixx'iHlly  In  work;  no  dcliniie  changcf  could  be  made  out  in  the  vf^t 
tolic  and  dla^lulic  blood  prvsaure  or  elect rocardiograms.  Al^mndi  aod  Foraaw^^ 
(190s)  clnioi  that  tobacco  dicwing  causes  a  distinct  conttrktioa  of  the  cerebral  VCMe>^^ 

How  much  of  the  ps)'chic  effect*  U  due  to  nlcotln,  bow  laudh  to  other  factoft,  w^ 
cannot  say.    It  is  cettun  that  the  nicotinairenKth  of  the  tob*coolanot  the  determining 
feature  of  thi«  action — rather  the  aroma.    Smoking  in  the  dark  does  not  give  as  muci* 
enjoyment;  and  simply  hoMIng  an  unlighted  dgar  in  the  mouth,  the  ciewioi  of  otbcC' 
objects,  etc..  ^ve  limilar,  though  much  weaker,  senMtioiu.    The  tnith  would  mcw 
to  be  that  it  depends  upon  3.  reflex  stimulntioo,  from  the  mucous  membrane  of  the 
mouth.  niMe.  etc.,  in  wludi  the  uicutin  plu>-4  a  part;  and  with  thli  may  be  auociatcil 
a  direct  action  of  ilic  nicoiiu  upon  the  central  ocn-oiu  tyMcro,  at  once  stimulating 
and  deprcuing. 


IN 


3IS 


I 

I 

I 


I 


I 


Chronic  Intoxication. — The  phenomena  resulting  from  llic  excessive 
use  of  lobatco  ukc  niaiiy  forms;  especially  local  irritation  of  the  respira- 
tory tract;  digestive  and  nutritional  disturbances;  {unciioniil  cardiac 
ar>'tlimias;  depression  of  various  parts  of  the  central  nervous  systcmi 
neur»lgi;t.<;  more  rarely  impairment  of  vision. 

Local  Effects. — The  nicotin  and  other  basic  constituents  of  the  smoke 
act  as  fairly  strong  irritants,  as  shown  by  the  biting  sensation  on  the 
tongue,  noted  especially  when  the  smoke  is  concentrated  on  one  point, 
as  in  pipe  smoking.  This  constant  local  irritation  seems  to  favor  the 
development  of  epithdivmaci  the  lip  and  tongue, if  liiequantilycon.>tunied  is 
very  large  or  the  smoker  specially  disposed.  There  is  also  a  more  general 
irritation  of  the  mucous  membrane  of  the  moulh,  tlu-oat,  and  pharynx, 
leading  to  catarrh  and  hoarseness. 

Circulatory  Disturbances. — The  first  warning  s>Tnptoms  are  occasional 
palpitation,  quickened  hwirt  rate  and  arylhmia.  Tliesc  Iwcome persistent 
if  Uie  nicotin  is  continued,  but  disappear  on  withdrawal.  In  advanced 
cases,  the  abstinence  must  be  continued  for  months.  The  arythmia  is 
purely  functional,  due  to  extrasystoles  ^prenlatu^e  beats  with  long  pause), 
pointing  to  increased  irritability  of  the  cardiac  structures.  It  is  similar 
lo  that  of  caftein,  h>'steria  and  neurasthenia.  In  graver  cases,  the  cardiac 
irregularity  may  become  extreme  and  lead  to  sudden  fainting  {syncope). 
RespiruJory  dislrtss  nal  urally  accompanies  the  marked  cardiac  phenomena. 
Angina  pectoris  is  so  rare  in  these  subjects  that  it  musi  be  attributed  to 
causes  other  than  the  nicotin.  On  the  other  hund,  arleriosdtrosis  appears 
to  be  favored  by  it. 

Tbe  extrasystotcs  arc  (uually  auricular.  Auricular  fibrillatloa  and  "flutler."  and 
tiao.*arkiilBr  block  have  aim  been  cDcountercd  (Ncubof,  1Q16).  The  block  dU- 
■ppckftd  wllhin  Ibrc«  daya  alter  stopping  tiic  tobaccu. 

In  rabbils.  cliruolc  nicotin  poisoning  i>rtHluce5  iitiatomk  arlcriol  and  cardiac  change*, 
limikr  to  those  of  epinephnn  (.\dlcr  and  llcnsel.  iijo$;  Baylac,  iQod;  Otto,  igii; 
Adier,  1914).  TbMC  results  ciia  be  only  cauliuusly  tmnsfcrrcd  to  man.  Pawiiiilcl, 
1914,  daims  that  41  pec  cent,  of  t,ooo  cases  of  toronary  tderoiU  had  hislOfie*  of  im- 
SMderate  unotung;  and  that  nicotin  produces  mnrkcd  ch.ingcs  In  the  romnnry  vesicis 
*ad  bearl-mtiulc  la  animals.  LJuauer,  1914,  also  describes  liiBtologic  changes  in  Ihe 
dnluc  and  other  ganglion  ceils. 

Digestive  and  Nutritioaal  Disturbances. — The  symptoms  next  in  order 
are  probably  those  ari^ng  from  the  alimaiiary  canal,  and  depending  upon 
the  continued  irritant  action  of  the  nicotin.  These  are:  Loss  of  appetite, 
tlien  dyspep^a  and  chronic  intestinal  catarrh,  shown  by  alternating  con- 
stipation and  diarrhea.  (With  moderate  smoking  the  nicotin  seems  rather 
to   have  a  tendency  to  keep  the  bowels  regular.)     These  conditions  lead 

emaciation  and  anemia. 

SnokinK  iiihibilv  y\\f  hutiirr  ccnlriiflUn  of  (he  stomach,  the  effect  being  proportlona 
to  the  local  slimulallon  of  the  moulh.  cic.  (Carlson  and  Lewis,  1914).  Tne  diitestlv* 
mcivcmenbi  of  the  stonmch  arc  presumably  not  arrested.  A  direct  action  upon  the 
blood  miy  alio  have  a  part  in  llic  .in^mM;  the  conrinucd  adminlstrtilion  of  mcolin  to 
tiiuin*l«  kadjng  to  diminutioa  of  red  corpuicks,  and  increase  of  leucocytes.  It  Is  al»o 
claimed  that  It  iliminii^heii  the  oxygcnatjiifi  potrer  of  hemoKlotun.  The  nitrogen  excre- 
tion it  nlhet  more  diminished  than  the:  ami  mi  In  lion,  flo  that  there  may  be  a  gain  In 
body-nitroKcn.    Tfanutory  albuminuria  may  occur. 

Nervous  Disturbances. — These  are  rarely  serious.  The  psychic  func- 
tims  show  a  slowness  and  want  of  energy.  Anxiousness  and  insomnia  arc 
qiiite  frettuent.  There  is  a  general  muscular  debility,  tremors,  and  want 
wf  control  over  movements. 
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The  rcflrxM  an?  bviKhtcneJ.  Vntiso  and  a  Ubctic  condition  may  htI  In.  Tlieiei 
then  an  inticaw  of  cxi'ilikbilily  in  thn  srnsory  And  psin  itrrnt,  uiil  con>«]ucntly  he 
ache  ami  nvuialgiss;  but  llii-  latter  ar«  in  part  duv  lO  rafrrred  pain  Irom  tht  uudise 
diiiturlianccs.  They  arc  of  trn  early  and  quite  r.hnrnctcriilk,  and  take  lite  form  of  pmm 
uid  hyprrfstihrsiit  in  ilii^  pn-coriliil  ri'gion,  li-ft  nipiik-  and  ulnar  surface  of  Ml  arm. 

Nicotin  Blindness. — ^Tliis  is  iciatively  rate.     It  sterns  to  bu  favored  by  a]co 
The  itght  grA(iuully  becomes  dim,  with  ircnlral  scotomn,  impaired  antommodatioit,  i 
often  miosis.     It  is  atw.tyK  bilateral.     Tbc  auutomic  chaoxes  co<uI»t  in  ivtrobult 
optic  neuritis,  with  subseiment  utio^h)-.    Until  degeneration  ha*  kI  in,  a  completi 
cure  can  usually  be  efTcctcd  by  nbsliinmg  from  nicolin;  Inter,  this  will  only  arrctt  the 
(urliiiT  proHrcss  (ilc  Scliwuinitji,  1S96}. 

Other  Toxic  Amblyopias. — Many   poinons  may  protlucc  blindncu.  lemporarv  or  j 

Eermancnt,  in  Misccpiibtc  inilividunis,  cspeciotly  on  continued  administriitiim.  Thin 
u  been  recorded  tor  tlramonium,  caunubis.  ililoroforra.  opiates  curhun  dLmtphidi 
ar«^Qic,  lead,  iodoform,  aspidium.  ouintn,  inlicyl,  methyl  alcohol,  etc.  For  ino«t  of 
these  the  cbun^rs  .in-  an.ilnguus  to  those  of  nicotin.  With  methyl  alcohol,  quinin  and 
salicyl,  the  retinal  ganglion  cells  are  also  involved.  The  metaU  and  oipidiDm  may 
produce  primary  optic  atrophy  without  preceding  neuritis  (dc  Schwcinit^,  i£9b  sad 
190O. 

Of  olhrr  effetis  which  have  been  attributed  to  nteelin,  but  with  insaffioent  cani«, 
may  be  mentioned:  impolcacc,  epilepsy,  and  insanity  (G.  W.  Jacob/,  1898;  Naecke^ 
19OV). 

Treatment. — It  will  be  seen  that  tne  catalogue  of  injurious  actions  to 
be  charged  against  Ihe  abuse  of  this  drug  is  siilliciently  large;  but  on  the 
other  hand,  it  must  be  noted  that  these  are  absent  with  moderate  use.  and 
can  he  abolished  if  the  use  of  the  drug  is  promjilly  limited  on  tlieir  tii^t 
appearance.  Actual  withdrawal  is  not  always  necessary.  Limitation  in 
quantity,  the  use  of  tobacco  poor  in  nicotin,  sufficient  expectoration,  anc' 
the  avoidance  of  deep  inhalation  of  the  smoke,  are  often  sufficient.  Quickl 
total  withdrawal  docs  not  lead  to  abstinence  symntonis,  as  with  morphia 
(except  possibly  in  some  especially  neurotic  subjt^ts),  although  it  may 
disturb  the  function  of  the  bowels  for  a  few  days.  The  principal  point  in 
the  treatment  is  to  keep  the  thought  of  the  patient  off  the  topic  of  tobacco, 
and  to  supply  the  accustomed  stimulus  to  the  roouth  in  some  other  manner, 
as  by  chewing  ginger  or  gentian. 

The  use  of  tobacco  must,  of  course,  be  avoided  in  pathologic  conditiona 
in  which  there  are  special  contraindications  to  it — in  heart  disease,  d>*spe{>- 
sia,  intlammation  of  the  respiratory  tract,  etc. 


PKEPAKATIONS — NICOTIN 

Tabacvm  (Tobtcco).— "The  commercMl  dried  leave*  of  Nkotiua  TbbMVRB*' 
Linnf  |N.  O.  SoUnune)."  An  annual  plant,  probably  indiienous  tn  tnitel  AainlCB. 
and  now  cultivated  in  most  parts  of  the  world.  Tbc  annual  production  of  the  wmU  b 
estimated  at  i.ooo.rxio  t<>ris  1 1  ,cx>o,oao,ooo  kg).  Other  »pcdc»  alao  contain  the  nkotia. 
The  plant  was  introduced  into  Europe  sbortty  after  the  discovery  of  America.  Its  ase 
by  smoking  was  practised  by  the  natives  at  the  time  of  Columhu*. 

The  irnpnttant  constituents  arc  nicotin,  which  is  abo  present  to  a  kw  eileat  ia  all 
other  parts  of  the  plant,  and  a  volatile  oil  devetoped  in  drj-ing  and  "sweating."  The 
percentage  of  nicotin  varies  between  1  nnii  S  per  rent.:  In  Havana  and  Maryland,  1.5 
to  j;  Virginia  and  Kentucky,  6  toti;  South  American,  2  I06;  German,  I.J  to  3.  A  bub- 
ber  of  other  alkaloids  have  alio  been  announced  to  exist  in  small  amount  in  toboc^ 
<Pictet  and  RolKhy,  lyoi). 

Thi'  dried  Icavu  were  formerly  oUicial,  but  are  now  obsolete  in  medidnc;  If  u«d.  aa 
Infusion  may  be  made.     The  Jo.tr  was  civen  as  o.j  Gm. 

Nketin,  CisHkN'i,  is  a  fluid,  volatile,  uiygen-frec  alkaMd,  oJ  Mrongly  b«MC  charsc- 
lera.  It  forms  baits,  most  of  which  are  soluble.  It  iicolorlets  and  almost  odwlMawhoi 
freshly  prepared;  but  It  pnrtty  decomposes  on  keeping,  acquiring  a charactoittic  odev 
and  a  brown  color.    The  dune  would  be  to  o.ooi  Om. 


CEtSEUXUU 

LOBELIA 

The  hcrh  I.obetin  infl.tln  was  u^d  b>-  the  Ameriran  Indinnn  a*  n  tubttitutc  for 
tobacco.  It  wnK  inlrnducrd  into  medicine  liy  $.iniui.'l  Tlinrnpson  about  the  licifiiiuin): 
of  (he  ninetccntli  tcniury  as  llie  main  basis  of  lib  peculiar  »)'stcra  of  treulracal.  The 
rhicf  conctiiucnt  in  the  alkaloid  l^btliii  with  actions  rcsemb1iu[  nicotin  (Edmunds, 
1Q04).  SmuU  dosrs  lower  the  C(~>i  threshold  ol  Rgpiratlon  (Vicland,  19I3).  i^rKe 
docc*  parelyie  the  respirator)'  center  and  cardiac  muscle  (Muto  and  Iwnkaws,  1910). 
Rclalivcly  unall  doici  par.ilyxc  the  bronchial  muscles  (Dresacr,  litSg),  which  may  ex- 
plain its  (cMt  in  iuthniii.  It  is  tiXio  somewhat  cm]>luy('d  iu  otlicr  respiratory  disorder* 
iS  expectorant,  emetic  and  cntharlic;  but  it  is  an  unreliable,  dcprcitnnt  and  dnngcrous 
druK,    The  nsuscn  and  emetic  action  arc  central  (Eggleston  ind  Hittcbcr,  1515)- 

Poisonioj;  is  treated  by  cvacualiuu  and  tlimulantg. 

PKEPASATlONii — LOSEUA 

1,/iMm,  U.S.P.,  B.P.  (Indian  Tobacco). — The  dried  leave*  niid  flowering  tops  of 
Lobdia  inilsia.     Wom,  0.15  Gm.,  3%  gt.,  U.S.P. 

fWrjr(.  Lobd.,  X^J&.V.—Doie,  0.15  c.c,  iH  minims,  U.S.P. 

'Tt.LoM.,  U.S.P. — toper  cent.  Diit,  t.  c.c.,  15  minims,  V.S.P.  MunmumdoM, 
a  ex.,  30  minimi. 

Tr.  Label.  AcSk.,  B.P.— jo  per  ctmL  in  Spii.  Aetb.  Dost,  0,3  to  i  c.c,  s  K*  15 
minims,  B.P. 


CONIDM 


Coi^um  or  "WmUr^Htralock,"  »n  ITmbrllifcroiis  iictb,  ronton*  a  number  of  alka- 
IokIs,  o[  whicb  amiilt  is  tlw  moat  important.  I'liis  is  a  simple  dcrtx'aliie  oF  Piperidin, 
ktvd  was  the  first  alkaloid  ivnthetiied.  Children  arc  somciimes  poisoned  by  eating  the 
root.  The  Juic*  is  hrlicvei!  to  have  been  the  poison  ad  ministered  10  S"Cfalf>.,  It  was 
introduced  into  medicine  by  Sloerck,  1770.  but  is  now  practically  ob&oktL-.  It  was 
formerl}*  u>cd  ok  a  sedative  and  antispasmodic  in  chorea,  mania,  convulsioni.,  whoop- 
ins  coUKh  and  asthma;  and  locally  in  hemorrhoids  and  other  anal  lesions.  Its  per- 
ipfaenl  actions  are  similar  to  those  of  nicotin.  but  it  produces  more  nronounced  pa. 
rslyfelt  of  the  central  nervous  system  and  of  the  skeletal  muscle- ncrvcciidinKS.  Puisomng 
is  treated  bv  tannin,  evacuation  and  stimulants.  A  bibliography  vt  given  in  Cushny's 
"  Phormaoalogy."  ■ 


GELSEMTOM 

This,  the  root  of  Yellow  Jasmine,  acts  similurly  to  nicotin  and  coniin.  Its  central 
■Vim  mill  action  l»  relatively  mote  marked  (Cushny,  iSqi).  It  contains  a.  crystalline 
•Uulold,  Gristmill,  with  weak  strychnin  action;  and  several  amorphous  alkuluids, 
CtlMnuni*  noAGciirmoidin  ((-.  W.  Moore,  ipto;  Sayre,  1910  and  low;  Sayrc  and  Chil- 
lingwortli,  1914),  which  are  chieHy  lespon&ibie  for  the  effects  of  the  drug.  '*  Gelscmlnin  " 
Mnxk  hu  btcn  shown  to  consist  of  uclscmln.  Stevenson  and  Sayre,  IQIS,  describe  a 
ftulber  ilkalaid,  "scmperviiin." 

Umc — Gelsemium  is  employed  against  trigeminal  and  other  neuralgias.  This  has 
no  pharmacoloKlc  eiplanali<»i.  Even  small  doses  somelinK-s  cause  toxic  symptoms: 
gidaincWy  double  vision,  and  slowing  and  arrcsl  of  respiration.  Its  local  application  to 
tlie  eye  uUte*  the  pupil,  with  considerable  iirilaiion  (Pulzeya  and  Ronue,  iSH?).  It 
U  no  laOffcr  uwd  U  a  mydriatic.  Poisoain^  is  treated  by  evacuation,  atropiu  and 
stinoIantA. 

PKEPAJtATIOKS CELSEMIUM 

Gtiiemium,  O.S.P.;  Gtliem.  Rod.,  B.P.  (Velio w  Jasmine  Root).— The  dried  rhiiome 
jUtd  root  of  GelMmium  scmpcrvjrens  (nitidum,  K.P.)     I^iisr,  o.oj  Gm.,  (^  gr. 

jEu.  Gtttfm.,  U.S.P.— A  powdered  extract.  1  Gm.  rei)rcatuting  4  Gm.  of  the  drug. 
/Jm*.  (O  mg.,  a  gr..  U.S.P. 

fU€Xi.  GtlMm.,  U.S.P.— ft-«,  0.03  C.C.,  a  minim,  U.S.P. 

Tr.  GttKm.,  U.S.P.,  B.P. — 10  per  neat.  Dote,  a.15  ex.,  4  minim,  U.S.P.;  a.3  M 
I  ce.,  5  to  >J  minims,  B.P. 
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SPARTEm 


General  Statement.-^This  alkaloid  has  been  used  to  slow  the  pulse 
in  cardiac  dislurbance-'.;  but  it!)  efTects  are  uncertain,  it  weakens  the  heart, 
and  can  not  take  the  place  of  digitalis. 

Sparldn  is  n  pyridin  dvrivaljvc.  like  nicotin  unci  coniin,  und  hu  uniUr  actiom 
(Firk,  1873).  lu  ct^ntrjil  effects  urc  slight  and  iu  tnxidty  relatively  low  (Gtifff,  iS96, 
look  0.4  Gm.,  6  gr,,  without  bad  cSrcls.  cxcrpl  sli^jhi  eonfusioQ),  It  hu  no  lUrcct 
BCtioa  on  the  vosomolor  center;  but  the  di^prciiion  of  tr«pJrntion  tcoilt  to  jirodncc 
8sphyxiMl  stlmulmiun  (Piklicr  and  SolEiunnn,  I'^ij).  Pcnp1ier«Uy,  it  bu  a  lalriy 
strong  curare  action,  arrtsling  rmpiration  by  paruij'ziag  thi-  phrcjuc  vndtnn  (CushBjf 
and  Matthews,  1895).  Larger  dotes  nl>o  pnrnlyzc  the  rapiratory  center  (Muto  and 
IxhlxMba,  I003)'  It  hits  a  wcuk  lucal  xnchilu'iic  tdrel  (Gulnird  and  Gdcy,  1894).  No 
habituation  could  be  iuduted  in  (luinea  pi^'s  {Dorlcncourt,  igij). 

Circulation. — Ihe  cxperimentnl  data  give  a  confuted  picture  of  it*  actions.  Small 
doses  produce  peripheral  ti'tgus  paralysis  [I''ick  und  all  ■'Ubtequenl  «orkcr«).  Thb  may 
•ometimes  rMult  in  preliminarj'  quickening  of  the  pulie  (liluzinski,  1880)  tad  mnoval 
of  any  vagus  arythntins  (Mosius.  1887).  The  nuMt  constant  feature  i*  Arwimg  of  tin 
pidsr  rtilr,  which  is  not  prevented  by  jitropin,  »iid  is  therefore  due  to  direct  depnwion  o( 
the  cardiac  musde.  Because  of  the  slowing:,  the  pulse  Hr&vesappearlarKt^:  but  incontiaM 
to  digitoiis,  the  tendency  of  the  hcoit  it  diastolic  instead  of  systolic  (Cuihnv  and  Iklat- 
thrwti).  Frogs'  heiiris^lsiishondecreascof  rale,  strcnsthand  tone.  With  Intravenous 
injcrtions.  the  Glowing  becomes  soexlceme  that  it  may  be  (aul;  but  till*  extreme  action 
is  of  short  duration,  docs  not  occur  on  oral  admin istrttt inn,  and  is  probably  due  to  direct 
irriiitton  of  Ihe  cndoi:«rdiuin.  The  bluod  fniisurc  »hoivs  a  proKretdvc  (uU  explainable 
by  the  cardiac  depletion.     Excised  nrlenes  arc  dilated  (Cow,  1911).     Ri»«  nt  bleed 

Iire.isure  has  been  reported  but  is  of  inconstant  occurrence  (Cema,  tS^),  aad  is  per> 
laps  due  to  the  mechanicai  clleets  of  the  injection  and  to  asphyxia. 

Diuretic  Effect. — This  has  bvco  afTimied  and  denied,  clinically  and  experiraentally 
(MacNider.  igio;  Griffi,  iSSh).  Its  existence  is  very  doubtful.  Fronmuelkr.  t8;8, 
contended  that  tiic  reputed  diuretkedcct  of  the  parent  plant  (Scopartu*)  b  doe  mainly 
to  tc«farin,  a  neutral  principle. 

Uses. — Spartein  was  reconuMluied  by  S6c,  18R5;  Laborde  and  T-egri«, 
i8S6;  and  many  others,  in  cartfiac  disease,  valvular  and  functional,  nervous 
palpitation,  Graves'  disease,  asthma,  etc.  Clarke,  1SS7,  claimed  that  il 
produces  marked  slowing  and  strengthening  of  the  pulse,  the  cITect  ap- 
pearing in  thirty  minutes  and  lasting  for  five  to  six  hours.  Perhaps  more 
clinicians  consider  it  useless  (Leo,  1887;  H.  C-  Wood).  Il  i»  certainly 
devoid  of  the  cardiac  tonic  action  of  digitalis;  and  without  this  the  slowing 
would  be  of  little  value.  The  influence  of  drugs  un  functional  cardiac 
neuroses  is  difficult  to  judge.  Atropin  would  be  more  efficient  for  paralys- 
ing the  vagi. 

Dosage. — 10  mg.,  ^  gr.,  gradually  increased  to  0.13  Gm.,  3  gr.,  ever)- 
^  to  eight  hours,  A.  Jacobi,  1907,  advises  not  less  than  i  gr.per  day, 
even  for  babies.     Overdoses  produce  nausea  and  vomiting. 


FRKPARATIDNS — SPARTEIN 

'SpvtHim  Sid^m  (Snart.  Sulpb.),  V.^.V.;  Ci.II»N,.H,SOt  +  5H,0.— Hyxtotcopie' 
colorless  cijrsialt  or  powaer;  odorless;  slightly  bitter.  Freely  sol.  in  water  (i :  t.r)  oc 
ale.  (1  :i).    Dose.  10  mg.,  ^  gt.,  U.S.P.    Maximum  dose,  o.i  Gm.,  j  gr. 

Steparii  Co'iiifina,  B,P,;  Broom  Tops, — The  (fc?h  or  dried  tops  of  Cy  tinus  Kopariits, 

til/.  S(op'ir,,  li.P. — 10  per  tent.     Doic.  xa  lo  (io  c.c,  i  li>  j  oudcts,  B.P. 

Siic^tu  Scoparii  (Succ.  Stopar.),  B.P.;  Juice  of  Rroom. — The  iuiee  eipreucd  (rora 
the  fresh  plant  and  preserved  witli  one-third  its  volume  of  alcohol.  Dait,  4  to  S  cc^ 
I  to  a  dram*,  B.P. 
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CURARE 

General  Statement. — This  is  practically  important  in  laboratory 
tedmic,  for  paralyzing  the  skeletal  muscles  through  a.  selective  depre.<«ion 
ol  their  nerve-endings,  as  shown  in  ihe  classical  researches  o(  CI.  Drrnard, 
1857.  It  has  no  effect  on  sensory  nerves  and  is  not  an  anesthetic.  It 
produces  a  number  of  side  effects,  resembling  nicotin  in  depressing  auto- 
nomic ganglia  (vagus);  and  strychnin  in  stimulating  the  spinal  cord.  It 
may  produce  glycosuria,  Intra\'enously,  it  causes  a  temporary  fall  of 
blood  pre^iure,  returning  rapidly  lo  normal  with  moderate  doses.  Death 
occurs  by  paralysis  of  the  respiratorj'  muscles;  animals  may  be  saved  by 
artificial  respiration,  the  drug  being  ratiier  rapidly  excreted  by  the  urine. 
Curare  is  mutually  antagonistic  with  physostigmin.  It  is  much  less  toxic 
by  the  stomach,  on  account  of  slow  absorption  and  rapid  destruction  and 
excretion.  It  has  been  used  therapeutically  against  tetanus  and  other 
convulsions,  but  only  ob\Tates  the  fatigue  and  exhaustion,  and  is  quite 
dangerous  because  of  the  uncertain  dosage. 

Other  Drugs  Producing  the  "Curare  Effect."— These  are  quite 
numerous. 

Amooit  the  most  imporlint  poisons  posscsaing  Ihi*  (iction  nrr  Ihc  rollnwing; 

CerUin  ammonium  basi'i.  amidi  nn.i  umins,  cholin.  muscKrin,  etc 

Methyl .«tTychnin.  (tuanidin  (Brown  and  Frtuer,  1869). 

Delphoeurnrin,  Ilcyl  (Kahn,  tQog). 

Annriatic  Mri«a:  Pyridin,  quinolin,  thslliD. 

Niootin  tetio,  piperidln. 

Hoiphln  and  iclated  nlkaloids. 

Cocain. 

CuBpbor  In  frogs,  but  not  in  woim-blooded  tmimali. 

Certain  pulntsctive  ptomnins. 

Products  of  tnuKlc  mc^iBboUsm. 

The  curare  fflfclofmnny  of  these  dru£«'is  an  unimportant  ude-action.  which  can  only 
be  dcmatutinted  in  from,  being  obBCuren  by  olbrr  nrtions  in  nuimmnU. 

S.  >'raRikel,  1904,  ntlribulcs  ibc  curare  action  of  ttiv  aiiirnunlum  bn»cs  and  iflaied 
driMS  to  the  ■tereachcniic  orienlation  o(  the  valences. 

Orlgla.— .Curnrc,  U'uoiara,  t'raH  orTIennfiK,  compiiiicE  several  varieties  of  cxuncti, 
prepareij  by  South  Americnn  Indians  as  arrow  puisonh,  from  the  ront-barli  of  Kvcral 
Sujxhcoi  plants.  It  was  first  biought  lo  Europe  from  Guyana  by  Sir  W.  RaleiKh, 
'SOS-  I.'lt'c  !»  known  of  their  [>rcparalloD.  They  vary  greatly  in  composition  (cer- 
tain rarictin  were  luppcncd,  probably  crronMiuIy,  lo  conlaio  »nakc  veoom);  and  they 
deterioralc  on  keeping,  <tpccinlly  if  moitt,  so  that  commerdol  curare  ii  a  very  unreliable 
drag.     Ttie  naming  of  the  active  alkaloids  is  m  confused  that  Ihey  arc  not  much  belter. 

VMtatic*. — The»e  arc  designated  by  the  kind  of  containers  in  wJiieh  they  reach 
commerce:  CoJaimh  (Gourd)  curiirc  is  obtained  principally  !mm  Sirychnos  toxifera  and 
cooUina  cunuin.  Tube  cumrr,  in  bamboo  tubes,  b  of  undctrrminei]  K>un:c,  and  con- 
tains tubocurarin  and  curin.  It  is  the  leait  desirable  but  the  rnont  common  variety. 
Pal  or  Jar  {Topf)  rtaatt,  come*  from  Strychnos  Castclnaa  and  Cocculus  toxifcrui,  and 
coo  taint  jirolocurarin  and  protocurin.  All  the  varietiM  consist  of  brown  muses,  In. 
Ien*eiy  btlte*.  not  wholly  soluble  in  water,  more  soluble  in  dilute  add. 

Acittre  PilndpIefi.~~.MI  the  abovc.namcd  contliluents  are  nlkaloidi.  Curarin  and 
protocur:iii:i  have  the  most  typical  effects,  and  the  latter  is  probably  stronger. 
Tabocuioiio  has  a  much  weaker  musdc-ncrve  action,  a  stronger  slr>-chniii  effect,  and 
incT««i«i  the  bean  rate.  Curin  is  devoid  of  the  muscle- ner\-c  action,  but  fint 
Klanilatef  and  deptessca  the  heart.    It  can  t>e  converted  into  curarin  (Hochm). 

Cnntrin  i«  related  chcmicnilyand  in  actions  toatrvchnin.  Its  preparation  from  cola - 
liash  rurntc  by  the  method  of  B^ifhm,  i88j,  is  described  in  the  Rcriorls,  Counc.  Tharm. 
Cliem.,  1910.    Tubocurarin  is  not  a  proper  synonj-m  although  it  lias  been  so  used. 

Paralysis  of  Muscle-nerve  Endings.-^r<!inarily  the  only  symptoms 
of  "curare"  poi.ioning  consist  in  this  paralysis.  When  the  curare  b 
introduced  under  the  skin,  it  causes  a  total  loss  of  motion,  first  of  the 
vc^liintary  and  then  of  the  respiratory  muscles. 
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Sfquetuc. — The  order  in  which  ihU  <ii:ttiirbnncc  ippenn  U  the  [oUowinx:  Short 
DKUCksvf  ihc^  Iocs  can:,  and  cyc«i  then  thi?  limbs,  licacl  mid  neck:  linall j' the  mpiratotx 
miuclc«,  6rii  Ihv  thcmck,  Ihenlhcdtaphro^malk,  nndlutIylhrnbdoiiun>l(Ciuo,l9ia]. 

The  heart  in  not  aflrcted  cxcrpi  witli  icry  much  larger  doan. 

The  muHcIrt  which  xic  least  nffcclcd  by  curare  ore  tkotc  which  cootiuo  the  Urecst 
amount  of  utitizuble  oxy^n,  und  survive  lont-cil  after  the  death  of  the  aninul.  This 
supply  o(  oxjrgen  accounts,  probably,  for  the  ieswr  susceptibility  to  the  depreuioB  action 
of  cnrarc. 

Dmetepmeitt  ej  Paralyiis. — The  firet  sign  of  curare  action  coiuista  En  iiicap*dly  (or 
SUEtained  etiort  on  repealed  ivtimuialion  of  the  oen-c;  i,t.,  wheKOt  a  si^^  coo- 
irKCtion  h  normal,  fatjgui^  sets,  m  mnre  readily  than  u^ual  (Rnchni,  iSm)-  Idcd  tbe 
height  of  contraction  is  iomtrwhat  lowered.  I'liec  the  cum'ot  must  be  atf(^n|;tlieiie<l 
to  obtain  nny  response;  and  finally  even  Ui«  MTongcst  itimulntion— «{  the  nerve — b 
luefTectual. 

Localian. — This  was  investi);atcii  by  Fonlnna  and  established  by  the  watfc  o(  CL 
Rernnrd,  i^sj.  It  i«  evident  that  some  structure  ii  paralyixd.  The  panlni*  nigbt 
have  ilH  seal  in  any  pari  of  the  central  neni'ous  »)'itcin  or  it  ntiKhl  be  peripheral.  Stimu- 
lation of  the  sciatJC  does  not  produce  a  cuiitracliuti  if  the  dose  has  Iwen  suQiciml.  The 
point  of  attack  must,  therefore,  be  peripheral  to  the  tciatic  nerve.  This  leaves  the 
nerve  trunk  iiK'lf,  the  ncrvenindlngs.and  the  muscle  libere.  Sliiuulatioii  of  themmcle 
directly  is  effective,  io  that  this  is  excluded.  To  decide  between  the  nen-e  trunk  aaJ 
ner\'e-cnding9,  he  placed  \  ligature  oiciund  the  1>ody  of  a  frog,  with  the  exception  of  tlte 
sciatic  nerves,  and  tightened  the  tigntutv  ta  us  to  entirely  exclude  the  lower  cxlrcmilie* 
from  the  circulation.  He  then  injected  the  cut&TC.  In  this  manner  the  peripberml 
portions  of  the  sciatic  nerves  and  the  endings  did  not  come  into  contact  with  the  curare 
and  the  nerve  trunk  was  alone  cx|)o»cd  to  IQC  poisuD.  He  found  that (limulatlon  ol  the 
trunk  cnutcil  normal  caatraclion.  conseiiucnily  that  curare  had  no  action  oo  it,  thus 
leading  only  Che  endings. 

He  aUu  proved  the  point  in  a  simpler  rnan'icr  by  liKaturing  one  tec  exclusive  of  the 
nerve,  or  by  placing  the  muscle  of  one  and  the  nerve  of  another  muidc-neivc  preparaiton 
Into  ihc  tiolulion.  Garten,  iqii,  hnt  shown  by  careful  methods  that  even  pmlcutged 
exposure  lo  strung  curare  solutions  duei  nut  adecl  the  [lerve  trunk. 

The  "muscle  nerve"  endings  affected  by  curare  need  not  nccvsHui^  be  identiral 
with  the  anatomic  end  plates,  .illhough  this  is  possible  (Edmunds  ana  Roth,  1908). 
Kuehne.  tS86,  described  some  observ.itiuns  which  indicate  tliat  the  action  is  oot  always 
strictly  localixed.  The  peculiar  antagonism  with  nicolin  was  discussed  on  p.  im. 
The  nerve-endings  of  invcitebratcs  are  not  imralyted  (Straub). 

Dirtct  stitnulalion  0/  tht  muscle  (in  cats)  requires  a  somewhat  stronger  cvrTcot 
under  curare,  but  not  If  the  ner>'c  has  degenerated,  r.pinephrinalsomtorcs  the  thresh- 
old of  muscular  slimululion.     Fatigue  increases  the  tlueshuld  (Gruber,  1914). 

Smsofy  Avrmi.— These  arc  not  affected  by  curare.  The  reports  o(  eorly^  travekn 
who  describe  poisoning  by  curare  arrows  mc^nllon  lh.it  sensation  IS  not  impailrd  when 
motion  is  entirely  impossible.  liernard  also  studied  [his  action  lUrectly  on  the  ftiv- 
He  liRalutcd  one  leg  with  the  exception  of  the  sciatic  ner\-c,  injected  the  poboo,  and 
applied  the  stimulus  to  one  of  Ihe  upper  extremities.  This  caused  a  reflex  movement  of 
the  ligatured  leg,  which  would  not  lisvc  been  Ihe  case  had  the  scosufy  endinirs  i>f  the 
foreleg  been  paralyzed. 

Pofolyiit  ef  RefpiratioH  as  Cause  of  Death. — In  cold-blooded  animals  in  which  the 
ICS^ratory  exchange  lakes  place  largely  tlitough  the  skin,  and  respitaloty  movemcnis 
an  imneccssar>-.  the  pobon  is  gniduuUy  eliminated  if  tlic  onimid  be  kept  in  a  moist 
atmosphere.  Complcle  recovery  »ccurs  niier  eight  lo  irn  days,  except  when  the  dose 
is  cxttrincly  large,  in  which  case  other  iactois  come  into  play. 

Warm  blooded  animals  die  of  paralysis  of  the  respiratory  muscles.  If  aitifidal 
respiration  be  kepi  up  and  the  dose  has  been  only  just  large  enough  to  produce  a  paralysis 
they  nijyy  also  tetBver. 

The  recovery  of  the  respiratory  muscle  begins  immediately,  whilsi  ihc  sciatic  •nd- 
!ngi  require  se\'cral  hours.  The  effect  of  the  curare  incrciiscs  piugreMively  with  Ihe 
dosetit  Is  OS  if  an  Increasing  resistance  were  gradually  IniriKluced  between  ilie  nerve  aad 
Ihe  muscle. 

The  scat  of  the  respiratory  parnlyAu  is  also  iieripheral,  for  stimulation  of  the  phrcnk 
nerve  dots  not  cause  conlraction  of  the  diaphragm. 

The  resprntorj-  paralysis,  if  it  is  not  too  profound,  is  promptly  fen*oved  by  f^f*- 
lifiia;  stimnlntion  of  the  sciatic  also  becomes  effective  again. 

Htonfkial  miittle  is  not  affected  by  Curare  (Trendelenburg), 

Metabolism.— Cti rare  paralyses  the  trmprrnlurf  nmwi  of  thcntuscka.»»«cllaslbc 
motor  nerve*.,  so  (hat  cocain,  t.f,,  can  not  raise  the  temperature- 
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The  mumiUr  panlysia  imeers  iht  mdaMism.  It  Is  clained  thai  lliii  diminulion  is 
int  more  coiupiciKiiM  m  tht  nitragcn,  thiui  in  the  oirboo-metabolivic. 

OlymMirlft  I»  a  frequent  but  not  cuii»lant  phenomena  (Morishima,  1804).  It  is  not 
wb^v  due  to  aspbyxta,  for  it  csd  not  be  comple I elr  prevented  by  attifidol  lopimtinn 
(Maeieoct,  iooq).    The  earlier  lilcralurc  is  reviewed  by  S.  Weber,  1904- 

Psriuilais. — Thi&  ii  often  iucrcaiM-d,  parity  by  aiphyxia,  but  alM>  with  arttficiul 
tctpiratioR.  Itidder,  1S65,  found  no  direct  effect  on  intcitinal  or  other  tmooth  mutcle, 
even  irith  the  Urges  I  dows. 

AatMiiOmic  GuixUa. — The  vagui.  vasomotor,  aallvary,  pupillary,  etc.^  ennglia  are 
dcfmucd,  but  tuuiiily  not  at  «troagIy  nt  with  nicotin.  The  ceurt  i*  quickennl  aftr-r 
allglit  primary  (lowinx-  Electric  Miinulniloi)  of  the  vagus  does  not  arrest  the  heart,  but 
it  mar  be  slowed,  ur  beat  faster  fDale  and  Laidlaw,  igii). 

Effects  on  the  Circulatioii. — If  nrtificiji  rc^ptrnlinti  is  maint.ijned,  the  finl  elTccl  of 
curare  on  the  circulation  coiisiM^  in  af^ll  u(  tiluod  prcMure,  due  lft|)cHpherul  va^iumolot 
depccMion  Cnilic,  i8po;  Sollrounn  and  I'lichw.  1910).  Tliis  is  jooq  accompanied  by 
qtuckened  heart  beat,  from  dcpreuion  of  the  vngui*  gnnglin.  The  dcpreuion  doct  not 
readily  pasa  into  paral>iii9,  »o  tiMt  kliiiiululinn  of  t)ic  vat;iiH  or  sciatic  h  still  irllectiix, 
indeed,  the  nuomotor  reflexes  may  be  incitnscd.  IhrouRh  the  cfniral  action  of  the  cutare. 
MMtlB  and  SUIes,  1914,  alio  found  that  the  thrctholH  of  the  vMoinolor  center  h  not 
raixd,  ei'ea  by  large  doses.  Tbc  reltcx  dcprcstor  libcn  arc  rtcidered  raorc  sensiUve 
(Lao^y.  igit),  or  rather,  the  depressor  response  is  more  nearly  nroportional  to  the 
Ktrrnsth  oF  the  atimulus,  than  in  normal  nnimaln  (Martin  and  ntile!>,  1914)-  Porter, 
ipij,  (truli  that  the  response  to  sciatic  and  deitressur  stimulation  maj'  be  doubled  whilst 
the  level  of  blood  pressure  remains  pmcticaliy  unchanged;  and  interprets  thi*  an  evi- 
dence that  the  vasotonic  and  vnsoreSex  centers  are  dislinvl  and  indcpcndrm,  Thc*e 
cflecis  on  the  circulation  past  off  within  fifteen  minutes,  and  the  lirculution  returns  to 
normil,  wbilit  the  muaculai  paralysis  ycrshts.  They  thcrcfoic  do  not  tEiioualy  inter- 
fere with  the  employment  of  the  drug  in  e»|ieriments.  Thr  nmln  .jUjection  which  may 
be  urged  aKaiost  tbc  latter  is,  that  it  doc«  nut  produce  sensory  puralysis.  whilst  the  'b- 
(cncc  of  >lrun[1lns,  etc.,  might  cause  the  inexperienced  opcrnlor  to  neglect  n  jiropcr 
rnlurcement  oT other  means  of  anesthesia. 

Fftfiition  effieg't  ve^tHi  slows  vasoconstriction,  which  11  not  modified  by  absence  ot 
caldam  (rearcc.  igij). 

The  lymph  hearts  of  (rojrs  are  arreited  (Bernard). 

Centnl  nervous  Sfstem. — When  cururc  is  applied  direcdy  to  the  spinal  cord  of 
frogs,  it  causes  typical  itryehnin  tonvidiiont.  With  ordin.iry  methods  of  .iilininlstrniion 
thesie  are  masked  by  paral>'sis  of  the  nerve-ending^.  Certain  samples,  however,  ciiusc 
strychnin  convulsions  before  the  typical  cumre  action  npjjeari. 

In  ieft,  the  ci>nvuUi<'>nii  produced  by  injecting  curare  into  the  spinal  canal  or  cere- 
bral vcntricln  differ  from  those  of  slrycbain,beini;  itregular  and  a£ymmctri<:(McGuiKan, 
1916). 

Inactivity  by  Oostro-Intestinal  Canal. — The  effects  of  curare  are  obtained  only  if  it 
is  inlr'^luivd  undirr  llic  rkin  ur  into  Uie  circulation,  but  usually  nol  if  introduced  into  Ikt 
ittaiMli.  The  eiperimcuii.  on  the  administration  of  curare  by  the  stomach  (mainly 
by  Bernard)  Ikvc  shown  that: 

I.  It  is  nol  destroyed  by  the  gastric  juice,  pancreatic  juice,  or  saliva. 

a.  It  pute*  very  slowly  through  the  walls  of  the  stomach  when  the  epithelium  has 
btCD  klUra,  and  not  at  all  if  the  epithelium  is  still  living.  (It  will  be  rcrocmlH-rcil  sIho 
that  strychnin  is  not  absorbed  by  the  stomach  in  rabbits.) 

3.  It  is  to  some  extent  tiiEcd  or  destroyed  bt'  the  liver,  for  it  is  much  lew  active  when 
Injected  into  the  portal  than  Into  the  jugular  vein.  However,  the  discrepancy  between 
the  sastric  and  hy^Kidermic  dose  persists,  even  tvhen  the  liver  is  largely  excluded  by 
Eck^  fistula;  so  that  the  liver  destruction  can  not  be  very  importunt  (I'olimanti,  1014). 
It  Is  also  destroyed  in  rilru  by  ox-bile,  and  by  Ijavleria. 

In /raff  tbf  liver  is  the  main  a^eiil  in  the  disintoxication:  In  normal  animals  50  liinea 
as  much  curare  is  rctjuircd  by  mouth  as  hvpodermicnlly;  the  difference  dbappear) 
complctdy  If  the  liver  is  excised;  digestion  01  curare  with  liver  substance  deslro3's  Its 
activity. 

f.  It  it  vcn'  rapidly  excreted  unchanged  in  the  urine. 
n  KMmmali  tlic  ioacti\'!ty  of  curare  by  the  mouth  is  due  partly  to  its  destruction  by 
the  bile  and  bacteria:  but  mainly  to  tbc  caiiacily  fur  absorption  being  less  lhaii  the  ca- 
pacity for  its  destruction  or  excretion.  If  the  renal  %-eS5els  ate  tied,  poisoning  occurs 
<)allc  fcadily  even  when  it  is  taken  by  the  stomach.  If  very  large  doses  arc  taken  on  an 
empty  ttoouch.  sufficient  may  be  absorbed  to  cause  symptoms. 

DSC  of  Curtr*  In  Convulsions. — This  is  stlLl  largclv  experimental  and  nol  Ncry 
ptutnbiiU!.     it  hu  been  au^vslcd  to  combat  the  convulsions  of  strychnin,  tetanus,  and 
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hydrnphobia  (E.  Collins,  iqo;}.    It  Is  cerluloly  quilt  possible  !»  rapptas  llie 
tnodlc  coDilition  by  lufEcicntly  large  doses.     Unforiunatcl^-.  however,  it  it  inipat 
to  i«cure  this  without  at  the  sitmc  tirae  paiulyung  ie»|ilrAtJun.     This  latter  DUy,  tli(0>i 
rctically.  be  counteraL-ti'd  by  ailifii-ki  respiration,  but  thu  ptulon^ed  nutupulatioa  ill 
in  itHell  Injurious.    On  the  other  hand,  minimal  i1imc»  m.iy  nc  considered  uirtlew,  soda' 
indeed.  US  hm  been  pointed  out,  even  if  tlic  tua.'^ms  could  be  supproMd  without  affect- 
ing the  rcspirution.  this  would  not  be  nn  ideal  trenlment  foi  strychnin.     In  wcll-choM-o 
caitcs,  buwcvcr,  curare  mny  be  the  meant  of  ^tivin);  life.     Convulslnns  certainly  lend  to, 
heighten  fatigue  iind  paralysis  of  tbc  medullary  centers,  and  ii  in  a  case  in  which  the  I 
dcjtrce  at  poij^oning  just  exceeded  the  IcthAl  limit  by  a  very  little,  n  mininul  ■Biount  oti 
euraie  were  Injected,  this  mi^hl.  perbips.  reduce  the  ipasm  Millidenl]y  to  Uira  llMl 
scale,  or  somewhat  larger  doses  miahi  tie  given  which  would  require  tome,  but  not  very  - 
much,  artiticiHl  respiration.     This  has  ^dually  been  dune,  and  in  detpcrate  caiits  cur*rt 
is  worthy  of  a  trial;  but  in  addition  to  the  other  objections  come  the  very  unccrlua 
quantitative  elTect!~     It  would  be  justified  only  to  work  with  lc««d  Mmplc*,  utd  tbcMi 
UK  very  rarely  accessible  when  needed-  j 

AdmimtlratloH. — The  drug  should  be  given  hypodennically,  using  per  ktlosraBi  ol'J 
patient  une-lenlh  the  Fatal  dose  determined  per  kilogram  o(  dog;  and  Ddog  prefMndJ 
for  artificial  respirnlion  and  physostigmin.     Cururin,  if  pure,  wuuld  give  an  tract  sub- 
stance. In  the  dose  of  I  to  I J  mg.  hypodermic  ally.     The  reliability  of  the  alkalcad  is, 
however,  open  to  doubt. 


GUANIDIN 


This  and  mcthyl-guanidin  produce  peripheral  stimulation  of  sirjptd  mtHdt  (fibril- 
lary contractions),  then  centra!  parahsis  and  finally  a  curare  action. 

Gunnidin  is  imido-urea,  Nil  —  C  ^  (NHt):.  It  i^  a  eontlilueni  of  creatin  oadargi- 
idiL.     Mcthylguanidin  occurs  in  urine  and  in  protein  putrefaction. 

The  muscular  twitchings  are  especially  interesting.  Thr-t  peripheral  origin  w«a 
■hown  by  Gergens  and  baumiinn,  1876.  They  occur  if  the  i)<oUlcd  mu«k  i*  laid  in 
1  ;  9000  to  I  :  4000  solution  of  the  chlorid.  In  living  antmaU  rhey  persist  if  the  motor 
nerve  is  divided,  but  fail  when  it  has  degenerated;  so  that  the  action  is  located  In  ana- 
tomic endings.  Theyaresuppressedby  calcium  or  magnesium  (Fuehner,  1007  and  ipii). 
In  cats,  the  symptoms  resemble  chorea  'Fuchs.  1Q14). 

Other  SubstanceB  Producing  Fibrillary  Twitcbings  are:  Phyaocligralu,  aconltla, 
nicotin,  N'aCl,  and  the  salts  of  Ba,  Zn,  Cu,  Ni,  and  Pb. 


EPIKEPHRIN 

General  Statement. — Epiitepbrin  (variously  called  Adrenalin,  Supra* 
renin  and  numerous  similar  names)  is  the  active  principle  of  the  medulla 
of  the  suprarenal  gland.     It  is  a  relatively  simple  amin  derivative  oCi 
catechol,  and  can  be  prepared  synthetically.     It  behaves  as  a  feeble  basel 
and  might  be  classed  with  the  alkaloids,     lis  solutions  are  ver>'  unstable, 
unless  a  preservative  is  added. 

Its  typical  actions  consist  in  a  highly  specific  ntimulation  of  the  physio- 
logic endings  (receptive  substance)  of  the  entire  sympathetic  syiitem. 
The  effects  upon  any  given  organ — whether  augmentory,  inbibitoty,  or 
indifferent — therefore  correspond  with  the  cfiects  of  stimulation  of  its 
sympathetic  innervation.  Very  dilute  concentrations  may  ha\'c  oppo»te 
efiects. 

The  most  important  practical  manifestation  of  Uus  action  onnsts  in 
a  high  rise  of  lilixjd  pressure,  from  peripheral  stimulation  of  the  vasocon- 
strictor mechanism  of  the  systemic  vessels,  and  of  the  accelerator  mcchan-  ^ 
tsm  of  the  heart. 


Epinephrin  is  usetl  locally  for  arresting  hcmorrliagc  and  enhancing  the 
anesthetic  cSccts  of  cocain;  hypod«rtni(aity  in  bronchial  asthnia;  intra- 
veiMJUsly,  for  tiding  the  patient  over  acute  circulatory  collapse. 

Its  systemic  action  is  very  brief.  It  is  entirely  ineffective  by  oral 
&(]mini.tlr;ition;  but  little  effective  siilKutancously,  and  of  moderate  effi- 
ciency intramuscularly. 

0\-erdoRea,  intravenously,  kill  by  acute  dilation  of  the  heart. 

HtsUrioL — Epinepbtin  it  identical  witli  the  "chromBffin  substunce"  (jilvbtc  a 
gT««n  color  u'iUi  ferric  cblurid,  and  pink  with  aJkaUcs.  lodin  or  chlurin,  in<l  taking  up 
chromium  salti;  Hcnic,  1805),  which  was  discovered  by  Vulpjan,  iSjo,  in  (he  moduIU 
ol  the  adrCD^il  bodies,  and  also  in  n^^ociuliuii  willi  ><,vjnfHillielic  cells  dsuwlicie.  The 
■uprarecud  medulla,  as  shown  by  Balfour,  is  u  dirccl  outgrowth  o(  the  lympnthetic 
>ystcra,  and  constats  at  hrst  of  ncuroblitsts.  The  cortex  is  of  mcKobln^lic  nriitin,  and 
dots  not  conlnin  rptncphrin,  but  choUn,  vhoso  SCtiou  is  cssentiuUy  tintiijjoniiitic  ta 
cfMDenhrin  (I.ohmann,  1907J. 

Tnc  prwsof  action  of^Ihc  medull.iry  subsfance  was  discovrrcd  by  Ob'vcr  and  Schac- 
fcT.  1895,  and  by  Czybulski  and  Symonovicz,  1E05.  This  wus  fulfow«<l  by  muny  si- 
tccnnt*  to  separate  the  active  principle.  The  rcseiirches  of  v.  Fuerth,  1S5S,  and  par- 
tlcuutly  IImm  of  Abel,  paved  the  way  to  its  ihulaijon  in  cr>-stallinc  (orm,  ivbkh  was 
&r»t  a<xoniplixhed  by  Takamine,  1901,  Aldricli,  1001,  and  .\bel.  1903,  lis  structural 
conttitutjon  wa;t  determined  by  Jovrett,  1904,  and  its  synlhcius  accomplished  by  Stoli, 
1004,  Dakia,  1905,  and  Flfichcr,  igoS.  An  extensive  series  of  rtUted  arain«,  wiih 
simDar  sympaihomimelic  actions  has  also  been  prepared  (Banter  iind  Jowctt,  1005; 
Bargcr  and  Dole,  igio),  and  some  of  these,  as  well  as  the  synthetic  epinephrin  it*ell, 
arc  marktitd. 

A  Kood  discusaion  of  epinephrin  is  contained  in  Barger's  "Simpler  Natural  Bases," 
1914. 

Abel  anil  Marhl,  tot  1,  have  also  found  considerable  tpinephrin  (u.long  with  the  digtl- 
ta]oid  Bu[ai;in)  in  tht<  "parotid  glands"  of  ibe  Tropical  Toad,  Bufa  Agua. 

Crawford  and  Watanabc,  1915,  believe  that  it  (or  a  slinilai  sub»Iancc)  cdslx  In 
patuitar>'  extracts  and  is  partly  responsible  for  their  prciior  effect. 

Extracts  of  the  ritro-perilomai  chromnffin  liaue,  of  man  and  manininU,  aUn  contain 
epinephrin  or  a  cloudy  relaicd  substance,  bavln^  the  lyinud  action  ou  ioleitinal  and 
uterine  muscle  (I'ulk  and  Mactcod,  1016). 

Cliamic  Structure.^  t!  pi  ncphrin  i^  dioxyjihenyl  (pyrocalcchln]  ctbanol*  met  by  lamia, 
C«Hi(OII)i  -  CHOH  -  CH,  -  NHCH,.  correspondini!  to  the  empirical 
formulB  CtHitNOi  (first  establifJied  by  .'ildrich,  1902), 
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lu  itructure  is  rather  closely  related  to  that  of  tyroun;  and  it  may  perhaps  be  derived 
ttota  Ihi*  or  similar  aming  in  tbc  body. 

Actioa  of  Iaom«ra. — The  natural  cpbephriD  is  levoroim'.  The  syntbeilc  base  Is 
raCKiBd^stid  ha*  been  split  into  an  I.  and  d.  component  by  FlHcher,  looS.  The  1.  cum> 
iWMBt  ahtcatlcal  with  the  natural  base.  Thr  dcxt  lorotary  base  produces  qualitatively 
tbe  Mne  aclioru.  but  has  only  one-ti«el[lh  to  ouc-riRhteenlh  the  activity;  snil  th« 
nccmic  mixture  therefore  bos  about  hnlf  the  activity  of  (he  natural  boie  (l.oewi  and  H. 
Meyer,  1905;  CuJiny.  1908  and  1909;  Abderhaldcn  and  Mucllfr,  190S;  \V.  H.  Srhult*, 
190QJ.     froehlich,  iQog,  claims  ihst  the  d-boie  has  a  much  more  persiatcnl  acliun. 

Related  SympBthctlc  Substances.— Itargcr  and  Hale,  1910,  found  that  the  universal 
peripheral  s^palbciic  itimulalion  {which  tLey  aptly  call  ■■sympaUiomlmclic action") 
is  not  peculiar  tocpinrphtin.  hui  ii^  shared  by  a  large  number  of  primary  and  lecoudxry 
amins,  the  simplest  being  the  primary  fulty  umin>>.  such  us  amylamin.  The  catechol 
nucleus  b  a  rather  unewonlial  constituent,  and  the  action  of  calcchol  it»cl(  U  not  r^ 
lated  lo  that  of  cpliiephrin.  However,  Ihc  iureiiMty  and  sjK'cilidly  of  .iction  increases 
■s  the  amins  apnroach  the  componition  of  epinephrin  itself.  It  is  noteworthy  that  the 
rarious  sympalbclic  effects,  and  the  auKmenlory  and  Inhibitory  ilimulations,  rary 
Indepeodenily^  in  these  varioiu  amins.  Nor  is  there  any  parallelism  between  insta- 
Utity  and  activity. 
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Sympathomimetic   Action  of   Epinephrin.— The  correspondence  be- 
tween cpiiK-phrin  ami  >iympii>helic  stimulinion  wasdescribcuon  page  264; 
the  organs  and  functions  augmented  and  inhibited,  on  pages  364,  165;! 
and  the  loculization  of  the  efFecls  in  the  receptive  subtctunce,  on  page  a66. 

Effects  on  Circulation.— The  iniravenoua  injectionof  epinephrin  into  a 
norma)  animal,  with  Inlacl  vagi,  produces  the  striking  phenomena  dr- 
picted  in  Fig,  14.  The  blood  pressure  rUes  sharply;  as  it  approaches  its 
maximum,  the  heart  beats  are  grwitly  slowed  and  strengthened.  Thej 
pressure  is  not  sustained,  but  returns  quickly  to  normal.  The  heart  beats^ 
al.io  reuirn  to  their  former  rate;  but,  as  may  be  seen  from  the  tracing, 
more  slowly  than  the  pressure, 


Pio.  14- — Saprarcoal  on  Blood.t)rFMurei  doj.     i}4  ilropt  ptr  Kg.  of  i:iooo  cpiacpkno  iniKtcd 
intruTcnotuIy  at  H.    H,  «  Blood -preaurb  in  mm,  oF  Hit- 

These  phenomena  are  due  to  the  interaction  of  three  factors:  vkmh 
constriction,  vagus  stimulation,  and  stimulation  of  the  cardiac  accelerator 
mechanism. 

The  blood  pressure  may  rise  to  a  very  high  level,  especially  if  the  vagi 
have  been  divided  or  paralyzed.  In  dogs,  it  may  exceed  300  mm.  of 
mercury.  The  extent  of  the  rise  increases  with  the  dose,  but  noi  in  simpl^J 
proportion.  The  main  element  in  the  rise  is  ordinarily  the  intense  vaso-" 
constriclioni  for  Ihe  volume  of  the  organs  diminishes  x*  the  blood  prei*ure 
rises.  The  cardiac  stimulation,  however,  is  also  an  impoitanl  factor,  and 
sometimes  it  is  the  more  important. 

The  cardiac  slowing  is  indirect,  due  mainly  to  stimulation  of  the  vagus 
center  by  the  rise  of  blood  pressure.  The  direct  action  o(  epinephrin 
would  be  to  quicken  the  heart  rate  by  stimulation  of  the  accelerator  end- 
ings; this  is  the  result  with  small  doses  (Hoskins  and  Lovclette,  1914) ;  or 
in  excised  hearts;  or  if  the  vagi  have  been  divided  or  paralyzed;  or  if  the 
heart  escapes  temporarily  from  the  vagus  control,  as  often  happens. 
With  the  vagi  cul,  epinephrin  stimulates  the  aurictUar,  and  still  mote 
the  ventricular  efficiency  (Wiggcrs,  1916). 


EpmEPHRW 
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Erfeds  mtlt  lyifcrenl  Methods  of  Admimstratien. — Practically  no  sys- 
temic eSeci  can  be  secured  by  administering  cpincphrin  by  moutJi,  and 
relatively  little  by  hypodermic  uijeclion.  Thjs  is  explained  by  the  limilji- 
tion  of  absorption  tlirtmgh  vasocons  trie  lion  (for  itiftiance,  frog's  skin, 
which  readily  absorbs  most  alkaloids,  but  docs  not  absorb  cpinephrin, 
Riedcr,  1909).  The  slow  absorption  permils  the  destruction  of  the  epi- 
iiephrin  hefore  it  reaches  the  circulation.  The  response  is  considerably 
greater  with  intramuscular  and  peritoneal  injection  (Meltjter  and  Auer, 
14051  Ijtppoiii,  1915);  but  it  is  sliU  much  less,  though  more  lasting,  than 
with  intravenous  injection.  Injection  under  pressure  into  the  nasal  sub- 
roucusa  is  almost  equivalent  to  intravenous  Injection  (I'ilchcr,  1014). 
Intraspinal  injection  gives  a  considerable  but  slow  rise  (Auer  ajid  Meltzer, 
1911).     None  is  absorbed  through  nerves  (Meltzer,  tQOo)> 

/m  jimm,  the  blood  pressure  response  is  also  practically  absent  on  oral 
adminbiration.  Hypoderniically,  0.510  1.5  mg.  (j-foo  to  j-^n  gr.)  gives 
uncertain  results,  usually  a  rise  of  10  to  ti  mm.,  rarely  higher  (1045  mm.)- 
The  sam«  doses  intramuscularly  give  more  constant  and  higher  rise', 
usually  8  10  35  mm.;  but  sometimes  much  higher,  over  90  mm.,  so  as  to 
produce  alarming  symptoms  (Halsey,  1909). 


Fki.  II, — RtTlvBt  ol  Lanceniloift  he«n  by  TT'lnrphrln.     Th*  dru(  li  addiil  •!  A. 

Rdalien  0}  Damage  to  Kite  9j  Blood  Presstire. — With  taltnvenouii  injection  nnd  atra- 
pinixcd  dogs,  this  U  somewhal  u  follows  (frcim  ihe  dnia  of  Hunt,  1^1,  and  olhErs); 
0.0000K  mg.  per  kilogiHin  =  riiicors  mm.; 0.00015  =  ;inni.;o.ooos  =  15  mm.;  0.0007" 
ao  mm,;  0.0017  =    'S  mm,;  0.004  =  4S  mm.;  0.006  =  66  mm.;  o.oi  =  130  mm. 

lafloMlce  ol  Dosage  on  th«  Geoenil  ESeet*. — The  eticcts  of  intrnvennus  injrcUon 
vary  with  the  dose.  The  results  iif  incrensing  (Iom's  mxy  Iw  labulalcd  us  fullows 
<Liuiltle>'.  1001): 

(4)  RiK  o(  blood  prcMurc. 

(b)  Inhibition  «(  bladder,  mydriasis. 

(*)  Con  I  radian  of  utrru^  vas  dcfrrcns,  and  seminal  vesicle*;  tnlivation  and  Incbry- 
BmUod;  inhibition  of  !itomach  and  gnll-bladdcr;  increased  bile  secretion;  inhibition  or 
I  stiniUation  of  intrrnnl  .toaI  tjihinrler. 

U)  Cuntraction  of  crtctum  pilurum. 

ie)  Uncertain  effect  on  tuaica  durtnt  and  on  iwcal. 

Cardiac  Stimulation. — The  oerfusioii  of  epinephrin  through  the  excised 
mammaliiin  hciirl  (Hedbom.  Cleghorn,  Gottlieb,  ilorutlau),  or  its  perfu- 
sion or  direct  application  to  a  frog's  or  turtle's  heart  {Lussana,  191 3), 
quickens  the  rate,  and  increases  the  amjiUtudc  of  the  contraction.  The 
tone  is  vcrj-  markedly  increased,  often  doubled.  The  oxygen  metabolism 
of  the  heart  is  increased  in  proportion  to  its  activity  and  rate  (Barcroft 
and  Dixon,  1907:  Rohdc  and  Ogawa,  1913;  Evans  and  Ogawa,  1914). 
Existing  irregularities  are  removed,  and  the  effects  of  muscular  depressant* 
,  are  counteracted  (aconite,  MacNidcr;  strychnin,  Januschkc,  1910;  phenol, 
chloral  and  chloroform.  Gunn,  1913,  1915;  potassium,  etc.).  A  heart 
which  has  ceased  to  beat  may  often  Ik;  revivcil  by  this  drug  (Fig.  15). 
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The  fact  (hat  cpinephrin  nuy  sUrt  a  Iwatt  many  hours  n[t«iexd«iaii,  or  irhoiilba 
been  dcpicncd  by  cbloial,  gOM  to  thow  Ihat  the  h&ift  nuy  contract  tndcpesdentl)'  tA 
gajiuliii;  tor  the  cplncphrin  Rcttnn  U  i)rcliv'  rcrtnioly  not  icaaKliof>>c  (Guna.  igi;\ 

rtf  raHloc  aeceleralion  n  uol  due  to  vaj-ui  ponuysu,  for  it  occur*  after  atropio.  anil 
bIro  in  itolnted  itripxof  the  cat'i  t-cittrklc<I,HthBm,  laij),  ara(lcr  tbc  kUikub-rm- 
tricuiar  bundle  is  cut.     In  complete  hf-vl-hlack,  it  quicktns  and  Htreagtbeos  tbt  ven- 
tricletancl  auricles  (vaii  EuTnund,  1913).    Fromnnnlog^,  it  may  beuaumed  ttut  th* 
ftction  \i  exerted  on  the  rtceptivc  lubtlancc  connected  with  theaocelrrstormKiiui^**^ 

Infiuftfr  !•/  /fhif.— Ulth  lh«  bolatcd  froji  heart,  the  ampliludu  u  but  Uttlc  »'I'^*^ 
by  epioephrin  bctwepn  8  and  13'C.,  but  incrca«ei  from  13  to  33*.  The  r>tE  b  decre**^ 
between  8  uid  18";  tnirly  conitnnt  bctwvcn  i*  and  tP,  and  tiq^y  dccrcMed  be«»«=* 
»8to3»'  (Spriace«nu,  1915).  ^ 

Egtei  of  Strum  ai^  lam. — ^Thcse  have  considerable  influence  on  the  r*«pon*e  of*-J^ 
frog  Ee»rt  to  epinephrin.  The  siimulani  rITcrta  of  epinephrin  and  Krun  arc  lyner*^*" 
lie  (potentiation,  Moog.  1914};  whilst  in  the  absence  of  calcktm,  «piiui>hiia  pnxlt*-^** 
depreuion  and  diastolic  arre&t  (Burridge,  1014).  .^  . 

In  bhit,  the  cnrdiAC  effects  nt  epincph  tin,  pltuitrta  andborinn  dlfiercooiklen^*'' 
from  the  nommaU  (Palon  and  Watsua,  191)). 

Use  m  Cardiac  Failure. --The  cardiac  stimulant  effects  of  q>incpt»  •^ 
have  been  utilised  in  therapeutics  to  counteract  acute  cardiac  failure  ^ 
asphyxia,  etc.  It  would  be  useless  against  persistent  cardiac  weakn^^^' 
since  its  action  Is  too  fleeting,  and  can  be  obtained  effectively  only  •3' 
Intravascular  injection. 


Haascilalian  ei  the  arttiltd  heMt  is  most   ellectivdy  acconlpUtlied   by  bijOC^-^S 
epinephrin  into  the  pericuidii!  tac  (Gunn  and  Martin.  1915);  or  mot*  «oitv«niff^ 


into  ihc  cardiac  end  of  the  carotid  tirtrr}',  lltisliing  il  toward  the  heart  by  ■  "'"'^'^^--ul 
warm  aalluc  sulution,  and  at  the  siimc  time  pcrfurminit  cardiac  maaiage  and  Mti&^T^J 
rupiration.     The  chiioco  of  «ucccu  diminish  rapidly  with  tha  lapse  of  line  ^^     „1 
cardiac  arrest;  and  after  tiflccn  to  thirty  roinuta,  inimconliac  dotting  mU  an  cb^*- 
all  hope. 

Cardiac  Dilation. — In  using  epinephrin  for  cardiac  stimulation,     '■^^^-r'i 
dose — or  rather  the  rapidity  of  injection — must  be  carefully  controUed 
the  state  of  the  heart.     Overdoses  of  epinephrin  kill  by  cardiac  dtlata' 
with  pulmonary  edema.     The  tendency  to  this  increases  with  carcB 
weakiieft.1.     It  may  sumetimes  be  relieved  by  artificial  respiration  (Ei 
son,  1907).     I'aticnts  with  cardiac  disease  generally  react  to  1  tng.  h)" 
dermically,  by  extrasj-stoles  (D.  Roth,  igi4).    Fatalities  have  occurr" 
especially  in  cardiac  disease,  front  0.4  mg.  hypodermically  (Fritleric 
191S). 

In  foisanlaf  fry  eanliac  deprwantt  {f.i.,  chloroform,  phenol  or  caSein)  the  rai 
v«nou*  injection  of  epinephrin  will  temporarily  restore  blood  presaure,  and  thk  auy( 
the  heart  x  chance  to  recover.     Rut  if  the  blood  prc»ure  i*  raited  tnach  above  the  1 
mal.  ttiB  litart  may  stop  suddenly,  and  usually  irrecoverably;  and  this  may  oecar  f 
Atna  of  epinephrin  which  would  oe  <|uite  safe  in  heuliliy  individuals  (phenol,  f 
chloroiorm.  T.rvy  and  !.e<ri(,  1911;  Nobel  and  Rothbcrgci,  IQM). 

Efinrfiirin  en  Ilfiirl  Kalt  oj  Inlatl  .-Ini'niijj.— Epinephrin  tends  to  have  a  twoC'^ 
action  on  the  heart  rate:  acceleration  IhcuuKh  direct  cardiac  slimulationi  and  ikiW^ 
throuKfa  reflex  vaj^us  slimulalion.     When  the  vap  arc  intact  and  in  good  tone,  otf'^ 
nary  OMCS  of  epinephrin  invjriably  tlow  the  rat*  (Meek  tind  Eyster,  igij).    When  •- 
rugM  tone  i»  low.  quicltcninK  mjiy  result  (Hoslcins  and  Loveletlc).  — 

KdfHi  F-jfasi. — The  \-iiKUS  stimulation  is  purely  central,  since  no  slowing  occ-*-i_, 
when  the  va^i  arc  cut.  It  i*  due  mainly  to  the  rise  of  pressure,  for  It  b  abieat  il  ^~^ 
prtiHiK  is  kept  from  rising  by  hemorrbaKc.  or  by  paralyxlnK  the  vaaomotor  enji— fc^ ' 
However,  there  is  some  evidence  that  the  vaxus  center  is  also  stimulated  direc*'^^ 
{Bicdl  and  Reiner.  tSo8;  Vcrworn,  1003).  This  it  confirmed  by  the  UowinK  which  f^f 
occur  when  epinephrin  is  perfused  thruu((h  the  medullary  centers  (i^.  D.  Brown,  191  ^'' 

The  degree  of  slowing  varies  much  in  different  individuals,  but  it  always  teikds   '^ 
lesMn  the  rise  of  pretsurc,  and  Ibis  mounts  much  higher  if  tlie  v»i  arc  cut.  . 

A  itcomdary  inertate  of  iJit  piUif  rale  is  sometimes  seen,  and  Is  attributed  to  oeotr*' 
and  peripheral  stimulation  of  the  accelerator  nerves  (Ncujean,  1905). 


EPniEPHRDf 


S»7 


The  Vasoconstriction- — Kpinephrin  is  the  most  powerful  vasocon- 
strictitig  drug  known.  It  can  be  readily  shown  thai  l.hi.*  is  the  main  factor 
in  the  rise  o(  blood  pressure,  for  tlie  organ  volume  and  the  outHow  of 
bloocl  from  veins  are  diminished.  The  site  of  action  is  entirely  peripheral, 
for  the  rise  occurs  if  the  central  nervous  system  has  been  destroyed;  the 
perfusion  flow  through  excised  organs  is  slowed  or  arrested  (Bier,  i8g7); 
Bod  even  rings  of  excised  artery  contract  if  placed  in  epinephrin  soluttom 
(A.  B,  Meyer,  1907).  The  vasomotor  center  is  not  usually  affected 
directly;  but  it  may  respond  indirectly,  generally  hy  constriction  to  the 
increased  pressure;  occasionally  by  dilation,  when  the  increased  blood 
supply  relieves  a  preexisting  asphyxial  stimulation  (Pilcher  and  Sollmann, 
1915).  (Occasionally,  there  are  doubtful  indications  of  direct  stimulation 
of  the  vasomotor  center;  E.  D.  Brown,  igift). 

The  constriction  ia  most  conspicuous  in  the  smaller  arterioles;  but 
even  large  arteries  (v.  Frey,  1005)  and  veins  participate.  The  maximum 
constriction  occurs  in  the  splanchnic  vessels,  especially  the  kidneys;  and 
in  the  vessels  supplying  the  voluntary  muscles  and  mucous  membranes. 
The  constrictor  action  is  weak  in  the  coronarj',  cerebral  and  pulmonary 
vesseU;  and  in  the  inlact  animal  these  vessels  are  passively  dilated  by  the 
displacement  of  blood  from  the  more  powerfully  constricted  areas.  Epi- 
nephrin therefore  would  be  harmful  in  cerebral  or  pulmonary  hemorrhage. 

The  arterial  muscle  remain*  stimulated,  in  the  susceptible  vessels,  as 
long  as  effective  concentrations  of  epinephrin  are  present.  Even  very 
large  doses  of  epinephrin  (7,c»o  times  the  effective  quanuty)  do  not  para- 
lyze the  vasomotor  mechanism. 

DiUtOT  Action  of  Epinephrin. — This  is  the  predominant  re<tponse  of 
certain  vessels  (Cow),  but  may  also  occur  in  others  under  special  condi- 
tions, especially  with  very  dilute  concentrations;  late  in  the  course  of 
perfusions;  and  particularly  when  the  vascular  tone  is  already  high. 

BroiUe  >nd  Uixon  oltvn  observed  (hat  (he  vesseb  were  dilated  by  rpincphrin.  Ia 
the  Erehly  exdieil  kidney,  suprarenal  causes  a  powerful  constriction;  but  aom*  time 
*flc(  the  esdaion.  it  dilates  the  vessels  (SoUmnnn,  iqdj).  The  same  phenomenon  wM 
otwcfvcd  JB  the  poitmorleni  perfusion  of  the  dog's  leg.  In  the  car  of  the  living  rabbit, 
tbe  catistriction  is  abo  (ollownl  by  dilation  (Melta;r  snd  Auvr,  1404).  The  vciseln 
of  the  de-mtrvaltd  t<ir  dilntc  with  doses  tfant  ore  constrictor  (or  the  nonnnl  cnr  (Rngc- 
loch,  1915}. 

Onava.  1911,  found  that  when  very  dilute  solutions  are  pcrEused  continuously 
ihroiisb  kidneys  or  legs,  the  conalriction  is  eventually  replaced  by  dilution;  increasing 
tbc  <xin(~emr;(ilon  agAin  produced  constriction.  Inteslinnl  vcs&cU  dilated  directly 
when  the  Mlulion  was  hutlicicnlly  dilute.  whUsL  in  kidney  veiseli  the  preliminary 
coostricliim  wis  relatively  prolonged.  Relaxed  vcsseis  showed  a  greater  tendency  to 
£OB»ttiaiott  than  thoitc  with  gooi]  tone. 

Caxmon  uid  Lyman,  iqij.  find  that  in  livinic  animals,  amall  da»ra  irilt  either  raise 
orlowcrtliebloodpreuun;.  according  to  its  previous  level;  and  adduce  evidence  thai  the 
lowering  b  due  to  a  direct  dilator  action  on  constricted  nrtcrial  muM:lc.  The  fall  occurs 
ftficr  crgotoxin.  The  dilalor  reaction  is  continvd  rauinly  to  the  peripheral  vessels,  lor 
the  (aH  ol  presBute  which  occiun  with  normal  cuts  {0.002  mg.)  occurs  also  iC  the  splanch- 
nic vessels  Bfeliottcd,  but  is  replaced  by  a  rise  if  the  splanchnic  vessels  arc  intnct  and  thi 
iiBporiaiit  peripheral  trunks  llgatvd  (UatUn>inn,  tyij].  He  therefore  supposes  that 
VMOdilatoc  ncrvta  exist  in  the  periplleral  vessels,  but  not  in  the  splanctinics.  The 
dUator  reMtion  fails  if  the  vcisela  arc  ntmdy  trlored,  as  by  hemorrhage  or  dcpre«or 
sUmulBtion.  However,  Swi-tvchnikolT.  1914,  on  tsoUlcd  rabbit's rur,  observed  ihrfamc 
coostrictkiB,  whether  [he  pressure  was  high  or  low. 

Increase  of  tempcralurc  diminished  the  contractor  rdponse,  and  at  41''  to  45''C., 
reversed  into  dSation.  ^r<7('i  vMMbdonol  show  dilatJon  with  dilute  solutions,  nor  with 
iocrckM  of  temperature,  but  only  En  the  atneDce  of  calcium  or  after  itgenrrasion  of  Ike 
r(Po«rce,  1913]. 
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Effect  OS  Venous  Pressim. — Capps,  iqii  and  191  j,  found  la  vainub  lln' 
nol  ultcrcil  by  <.ni.ill  <i<»»;  il  Hecs  with  large  dotcf  whkh  cmbarraH  the  bcart. 

Direct  Effect  on  Veinii.— (iunn  :inil  ChnvnsM.  toij.  showed  on  excised  vdu  ihftt 
Umm  also  read  by  ronsiriitiuo.  iiIiIihukIi  lhi«  (Juesnoi  apply  lo  alt  vdot  (Crawford  and 
THfombly,  10:3).  .Scgociiis  of  the  superior  v«na  cuv<,'ncBi  ihe  l>cart.  tnttt  into 
ihythmic  pukalions. 

Portal  VmmIs.— Thcee  are  marltciUy  conilrScted  on  perfiuioiL  in  nununali  and 
frosd  (Drrrj^in,  1914),  u  ntsa  in  intact  animals  (Burton-Opiu.  191JJ.  Tbc  rapaouc  b 
much  Kr«aia  than  iJiut  to  electric  ttiniuU lion  of  thcnrivt-a  (Maclecd  and  Puree,  1914). 

Eilmundr.,  loi  5,  ronfirmcd  the  constrictor  cHcct  on  cxdt^  nortal  vtia;  hut  atlri' 
hulcs  ihi-  r!iniiit<")  in  livins  animals  to  chiufct  In  (ha  K*Beral  venous  and  cardiar 
[irtHuri:.  lincL-  ih?  vuluntc  cliajt)^  of  the  Kver  vary  in  different  animals  aad  with  oUier 
condilioni, 

Antegonladc  Phenomena.— The  cpincphrin  comatrlctlon  Is  prevented  by  dnp 
which  paratf-Ec  the  rectrptive  substance,  naniely  apiKudein  IBiodte  and  DixOB,  1904), 
and  ergotoxin  (Dale,  1905;  Sollmann  and  Drown.  1905).  Mutual  antagontsm  exiUi 
■fth  caffda  (Sollmunn  and  Pikhcr,  iqii)  and  with  nitrites.  The  pmaoe  effect  o( 
oioojs  mg.  of  epinephrin  is  ncutialixed  by  0.6  mg.  of  nitrogtycerio  (Cainena, 
1906). 

DUtenscM  ia  Special  Vessela.— Thecc  Is  no  question  as  to  the  typical  reapoBae  of 
the  veseeb  which  react  strongly  to  epioeplirini  but  there  b  Mine  difference  of  opcniMi 
as  to  whether  the  cerebral,  pulmonary  and  ooronaiy  vetael*  reqtond  by  flight  coatUk- 
lion,  dilation,  or  nol  at  all.  In  Intact  animals  ibey  aro  certainly  dilated,  but  thb  ailicbt 
be,  and  in  the  main  is,  passive.  The  question  can  be  *alved  onlv  on  exdtcd  organ*  and 
on  excised  arterial  rings  by  the  mctbod  of  A.  B.  Ikleycr.  The  literature  a  reviewed  by 
Barbour.  191  J.  The  histologic  structure  docs  not  aCTtcl  the  qualitative  tesponM 
(Barbour,  tgrj). 


tion  (I^llioit.  iQoj)  01  weak  ccinttriction  iWigsers,  IO09)- 

In  the  beating  heart,  the  coronary  flow  b  otrtalnly  increased  !a  moat  ipeclcs  0(  aal- 
mols  (excuicd  heart*,  ^'isgeni;  Kabe.  1911;  Markwsldei  and  Starling,  1913;  Morawits 
and  Zahn,  1014;  nui  in  monkeys,  ftarbourand  Prince,  1915)  on  account  of  the  pumnlaf 
action  of  the  contracting  cardiac  muscle.  In  the  intact  animal,  thb  occurs  even  if  the 
blood  prcMuic  is  kept  level  hy  hemorrhage  (F.  Meyer,  i9ij);and  theincreaic  would  be 
ttitl  ittejitcr,  if  the  uluod  urcuiure,  and  thcr^'forc  the  coronary  prtauirc  an  allowed  to 
riiii-  (Ilnod.  1911).  The  neart-rauacle  would  therefore  be  better  iMxirklied  and  thus 
belter  nhic  to  wofk  against  the  high  rciiitancc.  A  vasoconMrictor  effect  CQ  the  coto- 
nary  veiseU  can  be  diKemed  in  the  cxcli^ed  heart  only  with  dotes  which  arc  too  tfosll 
to  affect  the  cardiac  muscle  (Brodle  and  Cullis,  191 1). 

In  the  monkey,  however,  and  therefore  presumably  in  man,  the  coaditiona  arc  d3> 
fcrent.  All  doses  slow  the  coronary  flow  of^lhe  «d»M  monkey  bcart,  wbetber  Ihb  k 
beating  or  reitinj;  fBarbour  and  Prince,  1015). 

Pubnonory  Vessels. — Thue  show  a  weak  vasooonttriction  (Plunuer,  1904:  Wimn, 
1909;  I'lumier  mid  Clermont,  191  j;  'Irlbc,  1911).  AeeonUng  to  Tribe,  iMgntlvc  effect* 
(Brodie  and  Dixon,  1904;  Burton-Opitz,  1907;  Heger  and  PmlUpson,  lyi  i;  Baehr  aad 
Pick,  1913)  are  Bttiibutablc  to  the  dilator  effect  of  the  chloretoae  in  certain  commcrcUl 
solutlona.  Cow,  191 1, and  Barbour,  191  a.  found  that  thereactian  of  arterial  rlam  varied 
according  to  their  Mtuation;  the  intra  visceral  portion  of  the  artery  dM  not  react;  the 
extravitceral  portion  was  constricted. 

Macht.  191 1,  describes  powerful  constriction:  Brrtxin,  1914,  noactloao('dSalion- 
/M  iitla^  •iiimats,  the  weak  pulmonary  vasoconstriction. is  overcome  tnwhanJi^Hy 
by  the  rite  in  aortJc  and  intr.tientriculat  pressure,  so  thai  the  pulmoury  vessel*  axe 
p«isively  dilated  (Cloetia  and  .\iidrrcs.  1914;  .\ndrtM  niul  Cloctta,  1916);  and  the  vol- 
ume of  the  lung  increases  (Anderet,  1015).  Pulmonary  hemorThoge  Is  therefore  In- 
creased by  eptnephrin  (F..  Frcy,  1909;  Wingers,  1909).  The  pressure  in  the  pulnMMiary 
arteries  roes  Kreally  (Wood,  Jr..  1911),  specially  wlieo  cardiac  dilation  sets  ia(HalBaB 
and  Nepper,  1911).  This  results  in  pulmonary  nfrmu.  The  circnlalion  lime  la  tha 
lungb  U  quickened  by  small,  inrrosscd  by  large  dnsn  (Longlcus  aiKj  Desboub,  tgi>). 

The  Cerebral  Veeseb. — Wig^ers,  1907  and  1914.  foundconstrictlon;  Bereain,  191ft, 
obicrvcd  constriction,  but  rcnuiring  higher  concentration  than  for  penphenl  vcMb; 
DLuin  and  Halliburton  claim  ailatlon.  Cow  observed  slight  reUxation  of  arterial  rings. 
Here,  aoaia,  there  is  undoubtedly  posnvedilation  in  the  intact  animal  (Biedl  and  Rciacr, 
190$;  .Vcujeon,  1905).    The  vcseeb  of  the  |ua  and  retina  are  coiuuicted  (HirscUelikr. 
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Tbe  Rnuil  VmssIs  and  Uriae  Flow,— The  repitl  vm*«Is  Mppnr  to  be  eupcdally  sen- 
sitive l«  cpincphiin,  bting  constricted  by  doses  which  are  loo  small  to  sflect  the  i;"><^^ 
blood  ptetsurci  aud  nitli  unlliuty  du^:.  (he  renal  constriction  oulJuts  the  prcuure 
rise  (D.  JoncKU,  igoS).     This  rebuilt  in  anuria.    It  bclaimoj,  hovcver.that  vct>-liir)tc 

,  doas  (Blate  the  rtnal  vesuls  [lod  thus  increase  the  urine  Bow  <But<lier  and  Fracakel, 

1 1899;  Houghton  and  Mcttill,  190S).  Fre&hly  excited  kidneys  (;[!rt;iinly  da  not  shnw  any 
(Wiggen,  1007),  until  the  netvc  endinga  are  killed  by  exposure  (Sollinaan, 
1900.  Hypodermic  injections  of  cpincphrin  into  rabbit*  (1.5  to  *■?  rog.  p«r  kilogram) 
nrMiiCMattronjc diuresis,  lasling^vcrai  hours  (Bilbcrfeld,  1907).    This  IS  independent 

la  the  filyt'Mutia  (Kon*chegg,  igit;  GnmenitAl,  ioi;i]. 

1  Cow,  1914.  6aii  a  direct  vaKutai  connection  bclwcvn  the  auprnrcnnl  mcdulln  and 
the  hJdocyi.  ThrouKhlhis.epinephrincould  reach  the  kidncy^directly.  and  ihusdimin- 
iab  lh«  urine  flow,  without  its  existing  in  discoverable  ijuanllty  in  the  general  blood 
streams. 

Epinephtin  as  a  Local  Hemostatic. — The  jKiwcrfuI  vasoconstriclion 
makes  cpincphrin  a  most  effective  agent  for  arrcMirig  capillary  hemorrhage 
in  any  Mluiition  to  which  it  can  be  applied  locally;  especially  in  nasal  and 
laryngeal  operation)).  Solutions  of  i  :  13,000  to  1  : 1,000  are  used  for 
this  purpose.  The  dilutions  must  be  freely  prepared,  since  they  lose 
their  activity  in  a  few  hours.  The  action  persists  as  long  as  the  epineph- 
rin  is  present;  but  when  this  has  disappeared,  there  is  often  secondary 
hemorrhage. 

Hemorrhoids. — Epinephrin  may  be  used  in  suppositories;  1  mg. 
'  (Mo  gf.)  of  the  alkaloid  in  1  Gm.  of  Thcobroma  oil. 

Use  on  Inflamed  Mucosfe. — Epinephrin  gives  symptomatic  relief  to 
inflamed  ^u^faces,  by  contracting  the  dilated  vessels.  It  is  thus  used  in 
catarrhal  conditions,  e.g.,  in  conjunctivitis,  and  especially  in  hay  fever.  It 
is  best  applied  in  oily  solution  or  ointments,  containing  J-fo  per  cent,  of 
the  free  alkaloid;  oil  prolongs  the  action.  Epinephrin  is  non-irritant, 
but  iu  action  is  toobHet  and  it  is  claimed!  that  its  continued  use  has  caused 
chronic  turgcsccncc  of  the  mucous  membrane  (Polls,  iqo6;  J.  N.  Hall, 
1911). 

When  applied  to  iho  tfariSnd  lUn,  epinephrin  produces  an  iirca  of  blanchini;  and 
"gocite"  flcih  (Sollmann  and  Pllchct,  1916). 

InfanHI*  Psralyaia. — Mdi^er,  1916,  ur^e«  the  intradural  injection  o(  ejunephrln.  10 
srTcat  and  cause  the  abujrpTlcin  of  the  spinal  cdcm.i,  especially  when  the  m[Hratory 
center  b  thieatcneit.  He  advisei  i  c.c.  of  i :  1000  solution,  every  4  to  6  hour*.  The 
suggeslMia  has  been  tried  on  cipcrimcnlol  poliomyelitis,  with  beneficial  but  not  eurnrive 
rcMlt*  (P.  F.  Clark,  1911).  Clliiicnl  trials  by  pRucr,  iQi4,bavc60  far  given  equivocal 
result*,  but  they  were  confined  to  advanced  taj«. 

hfaric.  1913,  claim:!  that  epinephrin  neutralize):  the  aniiUntiis  of  tetanUA  and  dipli- 
(hrria  in  ?i(f.>,1but  not  in  the  prcwnce  of  hemoKlubin.  It  ha«bccn  tried  against  (unK»'t, 
but  without  certain  benefit.  Ertgel,  1913,  claims  marked  eSects  on  rat  tumon,  not 
endrely  explainable  by  iuhemin. 

Cocain-epinephrin  Anestiiesia. — The  addition  of  epinephrin,  in  the 
usual  tonccntration,  enhances  the  anesthetic  action  and  lessens  the  tox- 
icity of  cocain  (Braun),  by  delaying  its  systemic  absorption,  by  the  anes* 
thetic  effect  of  anemia,  and  seemingly  by  a  direct  synergistic  action. 

Bpinephjis  ond  Cocain  Syner^sm. — It  is  claimed  by  Each,  1910,  that  the  cocala 
anMlnefia  is  intcnjilieil  by  cpiiKphrin  even  when  the  lociil  circulation  has  been  pre- 
viously completely  ane^ied.  iipini'phrin  alone  has  no  anesthetic  action  uuder  lhc*e 
conditions.  It  must  therefore  fiiuiliuie  the  iienetrtliou  of  the  cocain,  or  oihtru-iie 
•etttJiUe  the  nexve  liber.  A  similar  scusitizatiaa  occun  for  Novocain  and  Alypin,  but 
not  for  Tropocajn. 

CoovcrKly,  totaiti  lenjitiia  lo  cpintpMn,  so  thai  the  mydriasu,  vwoconatrietion, 
«tc.,  are  more  pronounced;  and  this  with  daws  of  cocain  which  alone  have  no  sensible 
eSect  (FrOhlicb  and  Locwi;  v.  Fischel,  iqij). 
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Epinephrln  on  Absorption. — Mcltzcr  and  Aurr.  1904.  cUim  that  intravciMMu  I»- 

jcrlions  rclurd  absurplioii  md  transudnllon.  Van  LJcr,  1907,  ibon'cd  that  the  abM>[p- 
tiui)  iii  todium  Ui\Mi\  is  m^iiki'iily  rrlardi'il,  uiilcw  very  hypertonic  {10  ptx  cent.) 
jolutions  are  iiijcticiJ.  The  local  cScct  on  inlc3tiii.ti  abiorption  is  inconxtant  for  imfid. 
bul  moic  marked  an  phenol  and  especially  alcohol  (HaQElik,  lyio,  lou,  igij). 

In  oOQ-cotTosive  poisoning  (eyanid,  strychnin,  aconite,  etc.)  Jwna,  igij,  nigfcests 
the  odminislnition  u(  epinephrin  by  moulh  (lo  to  i  j  C.c.  of  I  :  1,000)  to  retard  abaotiH' 
lion.    TbJ9  would  need  to  be  supplemented  by  cvacuutioo  and  chcmic  aotittolcs. 

The  Effects  of  Epinephrin  in  Internal  Hemoiihage. — Epincphrin  b 

praclically  useless  in  inlernal  hemarrliage;  (or  itlllmugh  jl  cunslrict*  the 
vessels  when  it  is  injected  intravenously,  it  also  raises  the  blood  pressure. 
The  end  result  would  nut  be  reliable,  an<!  ojtfn  harmful;  especiaJly  10 
pulmonar)'  hemorrhage  (Frey,  1909;  Wiggers,  1909)  and  in  cerebral 
hemorrhages. 

In  itUcilinal  hemankatt,  the  resulli  of  WIggerti,  1909,  were  tomcvhst  more  proJnM- 
Vok:  after  a  momentiuy  increase,  (he  heniunhiif;c  wa<i  reduced,  and  this  effect  outlsitrd 
the  rise  of  pressure. 

Epinephrin  in  Circulatory  Collapse. — Tlie  epinephrin  constriction  is 
able  to  restore  the  blood  pressure  in  all  forms  of  \'asomotor  depression; 
but  its  action  is  too  fleeting  lo  make  it  of  much  use  in  any  but  purely 
temporary  emergencies.  It  it  is  used,  it  must  be  injected  in t ravenous! v, 
drop  by  drop,  carefully  watching  the  heart.  The  dangers  arc  probably 
greater  than  the  benefits. 

Epinephrin  Atheroma. — It  rabbiiB  rtcelvc  frequently  repeated  fnjeeiions  of  Urje 
doses  of  epinephrin,  atheromatous  chunjijcs  and  calcareous  patches  ate  oflm  observed 
In  (he  aoita  (Josuf.  190J)  and  other  largr  icacls  (dWmato,  ipoj).  Thoe  dcgencta> 
lions  arc  never  seen  in  dogs  (Pearce  and  Slaatun,  igob),or  IniilonJceyi,)UMlpresUJIublr 
not  in  man,     T'oga  also  give  ncgallv'e  results  with  nlcoiln,  lead,  or  toxiiu  {Adler,  1914). 

Identical  lesions  oficu  occur  sjionlancuusly  in  rabbits  which  have  never  received 
epinephrin  (Miles,  1907,  Bcnnekc,  1908,  Hill,  1910,  etc.).  The  frequency  of  (hcse 
spontaneous  lesions  varies  in  dillcrent  scries  from  %  tojopcrcenl.jbut  they  ire  so  mark- 
Ctlly  more  frecjuent  afler  epincphKn  treatment,  Uiat  this  must  a(  le«s(  cxsiutent'  the 
tendency  (o  the  dcgencr.ition  (I.  I.cnn  and  Larkin,  1^10).  Success  <kpeD(la  on  fre- 
quent repetition  ol  (he  epinephrin  rather  than  on  the  uic  of  the  dose  (FJutfaer,  1900). 

The  injury  has  been  allribuled  to  high  blood  pressutc.  and  to  direct  toxicity  ^ 
epinephrin.  The  older  e.iperinicnta  undttlakea  lo  decide  between  these  news  (muo- 
mariud  by  I.  .^d!er,  190^),  did  not  take  account  of  [he  (pontoneout  oocurrcftcc  at 
the  iFsiuns  (M.  K..  Ueyer<i.  1909;  M.  C  Hill,  191 1)  and  llic  qutstion  can  not  bcconfU- 
eted  settled.  The  tone  theory  seems  the  more  probable;  although  I>ixaa,  191J,  still 
!>taies  that  all  pressor  agencies,  nhcn  repeatedly  applied,  produce  degcneritjom  of  the 
middle  coat.  It  is  highly  doubtful  whctner  Ihcicatbctomasof  rabbits  ha^'cany  relation 
to  human  atheroma. 

Atheroma  is  also  produced  by  feeding  cholesterin,  cottoniccd  ml,  the  aldehyde*  of 
fatly  acids,  hydrochloric  .tcjd  and  b/  purscrcsol  (Adier,  1914;  IlcROcy  and  KroOuog- 
ham.  1014). 

Epinephrin  Mjocarditis. — Rabbits  also  often  show  a  chronic  my»-^end(>-,  and  pui- 
carditis,  alter  rciwalcd  epinephrin  injections.  This  lesion — vhu^  in  apparently  IB- 
dependent  of  the  atheroma — ^is  much  more  frequent  (60  per  cent.]  if  a  sIrkIc  intra vrooua 
injection  of  epinephrin  (0.2  mg.)  is  combined  with  sparteln  <ti  mg.),  cafido  (ij  tng.). 
or  «trophunthin  (these dru)^  never  cau«e  (he  IcMonlf  iheyarcuscdwltboucthecpiaeiih- 
rinj.  The  changes  in  the  heart-muscle  start  at  oace.  progima  tor  some  wen  <Uy*> 
persist  about  six  weeks,  .ind  then  retrocress  completely  by  sixteen  week*  (Fleitbcr 
and   Leu  Loeb,  1909;  Stricklcr  and  rlei).her,  1910;  Christian  and  Walker,  1911)- 

t'lcishcr  and  Locb,  1910.  attribute  the  Iciions  to  "escesoive  nechsBJcal  Mraia." 
from  excessive  contraction  of  the  muscle  libers:  For  the  lesioiM  are  tituated  taalaty 
M  the  baM-  of  the  left  ventricle,  where  the  strain  is  greatest;  the  chanxn  arc  aaalogoo* 
lo  those  shown  by  itriatcd  muscle  subjected  to  avereiedion;  and  the  lesions  tto  not  ap- 
pear in  the  Tcla(i^'ely  8(rongcr  and  more  resistant  hcarta  of  dogx.  H.  A.  Stewart, 
1911,  prefers  a  loiic  theory. 
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RenrU  whidi  tJiow  the  mtciYiacopk  changes  arc  phyddoflcilly  bftrfor  !■>  lh«  noi^ 
mai',  ilivy  sic  W^  able  tu  cupc  wilh  txUs  demands;  and  the  ■"""«!■  appear  more  di^ 
posed  to  cdcma.i  (uranium)  and  to  bacterial  infcctiiins, 

Bronchi&l  Muscle  and  Use  in  Asthma.— The  bronchi  are  rdaxed, 
especially  whcQ  spasmodically  contracted,  by  stimulation  of  the  sv-m- 
pathettc  bronchodilalor  endings.  Epinephrin  is  therefore  often  very 
effective  in  mlhrna  (i  ex.,  i;i.ooo  hypodcrmically,  Kaplan,  1905;  Mat- 
thcvrs,  1910;  Hoover  and  Taylor,  1915;  v.  Jagic,  1916). 

The  btonchodilatation  has  been  confirmed  in  intact  ammak  by  Januschkc  and 
Pollak,  1911,  ftod  others;  on  cxdscil  lung  by  Baelir  anil  I'ick,  191  j;  oneAcificd  tracbc&t 
muKtc  by  Trendelenburg,  1911;  on  cx<;Lc*:d  bronchial  musciv  by  Titone,  loi.l-  UoIIa 
and  Symes,  iQtj.  find  differences  between  the  bronchial  and  tiochcal  muiclc,  and 
daim  that  noimal  bronchioles  arc  constricted  by  cpinephrin,  and  tbiti  it  dilates  unly 
wbeo  ifae  bronchioles  are  spasmodically  contracted  by  jjiiucarpin,  etc. 

Katpiftttolli — This  changes  with  the  blood  pressure  (Nice,  Rock  nnd  Courtright, 
1914)-  It  becomes  deeper  hut  irregidur  during  the  rise  o(  blood  prcMure,  and  is  itcncr- 
kUy  unstcd  at  its  hriglit  ILanK'oi^  'i-t"!  Garrclan,  1910).  In  man.  t  mg.  hy]>oderTnic- 
«Uy  b  said  (Fucbs  and  Roth.  1911]  to  increoie  the  respiration  volume  by  8  to  94,  mean 
50  p«  cent.;  the  rate  being  unchnnged  iit  also  increased.  The  effects  on  the  i>crfuiie4 
respt'alnry  center  are  variable  (E.  D.  Broirn.  1916). 

Direct  C«n1ral  Aetions.— Lumbar  injection  of  etnirephrin  may  CiUKC  muscular 
tposm  and  tiemor.  Injection  under  the  dura  or  into  the  substance  ol  the  cerebrum 
pnxluocs  an  apparently  natural  sletp,  lasting  two  to  five  hours,  with  tceulnr  respiration 
asd  tiAnes.  and  fall  of  temperature  (Bnis,  1914).  Boss  does  not  believe  that  thcK 
effect*  can  be  explained  by  va-Miconmti.-iion. 

Intratracheal  Injection.— A ucr  and  Gales,  191 6,  found  that  the  injection  of  epincphrin 
into  (he  lower  Ir.ithca  producci  a  prompt  rise  of  blood  pressure;  presumably  by  ospirtt- 
UoB  and  ahsnrplion  from  the  alveoli.  If  ine  va^i  liave  been  divided,  fatal'  pulmonary 
CdCDU  often  follows.    This  may  be  prevented  by  atrupin. 

Action  oa  PupiL— Epinephrin  has  a  mydriatic  effect.  This  occurs 
readily  in  frogs;  but  only  under  specially  fa%'orable  conditions  in  mammals. 

CMtdtfiwu  /or  fA«  Oecurrmcc  i>(  EtinrpktiH  Mydriasis  in  Mammah. — This  may  be 
procured  by  l&rfc  doses  intravenously.  With  local  application,  the  mydriatic  cRrct 
nuy  be  obtained  if  the  oculumutor  tone  Is  low  (weak  illumination,  W.  H.  Schultx.  190S); 
if  toe  abtorption  is  hastened  (conjunctivitis,  H.  SUaub,  1910);  or  If  the  ezcitaMlity 
of  the  *yiDp«thetic  is  increased. 

Such  an  increase  is  supposed  lo  occur  in  Basedow's  di»easc  nnd  in  pancreotic  insuffi- 
ciency. O,  I.ocwi,  1907  and  19DH,  accordingly  proposed  a  mydriatic  response  to 
efitncphrin  as  &  diagnostic  sit;n  in  these  discuses  ( with  certain  limitations).  Later  work, 
however,  allowed  that  the  increased  mydiiaiic  reaction  occurs  in  idl  typw  of  h*i)ergly- 
ccmio'  aad  that  it  can  Ihcrcforc  be  prevented  in  pancrcntectomixcd  dogs  by  lowering 
Lbe  blood'SUgar  thruujjh  plilurhifin  (A.  Locwy  nnd  Rosenberg,  1914J. 

The  m^'driatic  respooie  to  epinephrin  is  niso  obtsinnl  a  few  days  after  excision  of 
the  supenor  cervical  g.ingtion  (Mcltxcr  and  Aucr,  igcu;  JoMph,  1913;  Githcoi  and 
McltMf,  191A),  or  alter  crmoval  of  the  cilinrv  ganglion  (Joseph,  191s)-  This  may  like- 
nrbe  be  attributed  toinctcascdexcitabilityol  the  sympathetic  distribution,  accompuny- 
inKtbrdeecnerativcchanges  which  follow  the  excision  (H.Straub,  iqio).  An  analogous 
incrcsK  of  rxcilablllly  in  dcifcncrating  structures  in  epinephrin  occurs  in  the  car  vef«el» 
<MelUcr  and  .\uer,  iooj>.  and  in  other  organs  (Elliot,  njos);  also  in  skeletal  muscle  on 
degeneration  of  the  tcialic  nerve  (Langley,  1905:  F.dmunds  and  Roth.  1909). 

G.  >J.  Stewart,  Ro^'id  and  Gibson,  1916,  find  the  mj'driatic  responses  ol  the  deuer. 
vnted  pupil  tbe  must  sensitive  and  reliable  test  for  the  discbarge  of  epinephrin;  /.i.  on 
vtimulatioa  of  the  pcrinheral  end  of  the  dii-idcd  i^planchnic  nerves. 

Rabbits  respond  with  mydriasis  more  readily  th.in  other  mammals.  Epinephrin 
also  rdaies  the  excised  sphincter  of  the  iri*  (Joseph,  191;). 

lA>ialiuslifn  0/  AtiiiiH. — Lcwandowsky,   1898,   showed   that   the   mydriatic  efTect 
occurs  after  deKeneratL>.>n  of  the  sympathetic,  so  that  the  action  must  be  peripheral 
the  endtop  (i.e.,  on  the  receptive  subiUnce). 

Oiktr  Ealitnif-%  of  Ocular  Syitpiiikriic  StimidaUon. — The  mydrioMS  is  accompanied 
by  aeiMralioii  of  tlie  lid».  protrusion  of  the  eyeball,  and  withdrawal  of  the  nicutating 
iDembrane. 
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tnlraocidar  Ttniion. — .Vijcortling  to  Rupvrt,  1909,  ihit  ia  lint  lowercdt  tbui  inCIMMlL 

MydrialU  Keatlion  in  frajj.— Trog*  ate  specially  *u«ceptible  to  the  mydtutk 
Hclionj  nnd  Ihis  niHy  be  prodiiccil  by  »y6lcmic  utpUcatlon  <ic.c.,  irtoo.oootnto lymph 
sue)  iis  well  us  ID  the  enucleated  eye  (1:5.000;  MelUrt  and  Aucr,  1004;  Mdttci,  I909)> 
The  ililnlion  h  prompt  and  pcrsUtcnt,  nuDiDAxim J,  indiflcrrnl  to  Iixht. 

Action  on  the  Utenis. — Ttic  cffccia  currrapond  to  stimulation  ot  the  hypofMlric 
nerve  (see  tutge  370);  in  pregnnnt  caU  it  producex  controclion;  in  noo-pRsnant  catt 
relaxation  (Custiny,  Kehret,  Dale);  in  d«g»,  conliaction  lolluwed  by  Rhjtalion;  in 
rabbits,  iacreasrd  tonus  (Biagi,  igoj).  Survivini;  human  uterus  i*  Stunulatcd  (Kueb- 
Hmen  and  Kll;i;erniann,  191;),  whether  pregnant  ot  not  (I.Jcb,  1915).  The  FnllopUn 
lubes  ate  also  ^itniiiUled  to  contraction  (OuDn,  1914). 

Epinephrin  could  bv  used  locally  to  arrest  postpartum  hemorrho^;  not  intravcDiHuly, 
wnce  the  increased  blood  pressure  would  increase  the  bleeding. 

Action  on  Intestines. — Peristalsis  is  inhibited  and  the  tone  leUxed  by  an  actioa  on 
ih;  myoneural  junction  (sec  pagu  j;6)-  Very  dilute  solutions  ini'rcasr  llic  tontmclloM 
(Hoekins.  tgit). 

G«Il-blodd«. — This  U  relaxed  (Lieb  and  McWliorlcr,  1015). 

Excised  Ureter. — Kpinephrin  (1:500.000)  increaies  the  rate  and  tone,  or  uuu  ibc 
contractions.      The  effect  is  reversed  by  etgotonin  (Macht,  1916). 

Effect  on  Secretions.-^ F.plncph tin  may  provoke  terrrtion  o(  the  fdJivary  ajid 
lachrjmal  (tlands  (Langley,  igoi);  and  of  the  skin  glands  of  fruic» (ElitRiAnn.  IQ05). 
These  would  not  be  suppres^^d  by  atronin.  The  incrc*»cd  lecretion  of  the  lubmaxillary 
filnnds  is  accompanied  by  increased  blood  flow  (Solem  and  T.ommcn,  191  j).  In  !no*t 
islands,  however,  secretion  is  diminished  or  arrested  through  the  vucunUrtrtMli. 
This  h  notably  the  case  with  pancreatic  tccrction  (BcncdiccnIJ,  1906;  Edmundi,  1909). 

Sweat. — This  h  incieased  in  anim^a  (Muto,  igi6.  He  finds  that  the  iH-cat  rlandt 
are  iniierviled  by  both  the  sympathetic  and  parasympathetic.  The  sympathetic  ptr- 
ilominates  in  hor^c  and  sheep;  nhetcot  mnn,  cattle  and  cat*  are  more  Mioject  to  the 
pa  r  jsy  m  pii  t  he  I  it ) . 

Cerebro-spinsl  Fluid. — The  secretion  h  not  affecled,  the  pr«>siire  va/ytnc  mcfdy 
with  the  blood -pressure  rhnnscs  (Dixon  and  Halliburton,  1915). 

Skeletal  Muscle. — Oliver  and  Schuclcr,  1805,  found  that  the  gantiomenuui,  eitiwd 
after  hypodermic  injection  of  supruenal,  showt  increased  effituency  and  some  vciaiHn 
action.  Cannon  and  Nice,  1913,  ciplain  this  by  the  improved  circulatkio.  Thii  it 
only  a  partial  ctplanalion.  for  Crubcr.  igi4.  observed  that  etilncphiin  injcclion  could 
cause  some  imritovcment  in  the  cicilnbility  in  fatigued  cats  [to  direct  or  neive  iiimu- 
lallon)  even  nhen  there  was  no  riac  of  blood -preuu re.  Splanchnic  stimulation,  with 
the  suprarenals  ligaled,  causes  some  improvement,  but  not  as  much.  However, 
Kuno,  191;,  did  not  observe  any  effect  on  the  contraction  of  frog's  skeletal  moxle, 
even  in  concentration  of  6;  100,000.  Excision  of  the  mprarenal  glands  produces grest 
muscular  weakness  (Albanese,  1891). 

.Vrife  Iriinkt  arc  not  nffectcd.  The  pigment  ctUs  in  the  Irog'!  slun  are  coDtraclciI 
into  sphere*  (Liebcn,  1906), 

Epinephrin  GlycosurU.^ — Large  doses  of  epinephrin  (much  bej'Otid  ihe 
therapeutic)  produce  hyperglycemia  and  glycosuria  \>y  tonveriitig  (be 
hepatic  glycogen  into  sugar.  The  effect  is  analogous  to  asphy.\ial  gly- 
cosuria, tliabctic  puncture,  or  stimulation  of  the  hepatic,  splanchnic  or 
sensory  nerves;  all  acting  probably  on  sympathetic  nerves  controlling 
the  glycogenic  functions.  The  presence  of  epinephrin  seems  atcesaary 
tor  the  production  of  glycosuria  by  nerve  stimulation.  The  tontimui 
administration  of  epinephrin  to  rabbits  abolishes  the  glycosuria,  but  the 
hyperglycemia  persists  (PoUak,  1911).  In  man,  epinephrin  docf  not 
produce  glycosuria,  but  increajtes  the  sen^tivcness  to  alimentary  glyco- 
suria (Landau,  iqu)- 

The  occurrence  of  slycosuria  after  hypodermic  injection  of  latse  dOMS  of  epinephrin 
was  di»:ovetcd  by  1''.  Blum,  1901.  Intravenous  and  inirtunuKuUr  adminwltatiop  are 
le«  effective,  even  if  lanter  dosra  are  uw-'d  iPnUnk,  19091  Cndeihilt,  1911).  The 
phenomenon  was  investigated  by  llertrr  and  Wakcman,  1901,  Noel  Patun,  loc^  and 
many  Inter  iiliscrveT^.  Tbc  ([lycosuric  action  of  otliir  iympii(komim<tic  dru^i  it  described 
by  Morita,  1915. 
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iSttkamim  of  Xke  Clyimuriri. — The  alycof^urin  U  gcnciallj'  propnrtinnal  Ao  ihc 
''ypTRlywinia  (Cramniilzki,  iv").  ll  anot  atphyxial.  The  hjTwrglycemia  occurs 
even  after  excinion  of  the  kidneys  (Zuelzer,  1901;  Metzger,  1^1),  ihowing  tbat  it  U 
notrtHOl. 

There  U  candunive  evidence  thai  the  glycosuriu  ii  due  to  intratsfd  glye^fettolysh 
im  lA<  fJKT.  The  iiegie*  of  hyperglycemia  nnd  glycoturi^t  depends  upon  the  glycaflCn 
coatent  of  the  ntiiniul;  llicy  art  more  intense  in  vvcll-(e<]  unimaU  (Vorbuncn  >nil 
Riclurdt.  1903),  or  in  nnimoli  rii;h  in  ^-lycogen;  and  convenelv  there  is  no  glycosuria 
in  animals  whose  glyc<>8en  hnx  been  eomplelcty  removrd  by  phlorhixin;  and  an  cxi^tinK 
pUorhuin  Klyco^uriu  {<i  not  intmied  by  cpiDephrin  (Kinger,  1910).  Hence,  aliio,  (he 
epinepbno  (jlytosurin  fnJU  otter  repeileci  injeclion.'^.  ns  the  gtycopcn  becomes  cihnustcd. 
"nie  flyccmii  persists  somrwh.it  longer  ihnn  the  glycoMiris  (PnlUk,  looo)  prcsuoiably 
beCMiM  the  ptfrmealiiltly  of  the  kidnty  is  lomewhat  diminished  by  vosocoDstriction. 
KoDScfaegK.  iQiit  nUo  bcUevei  that  repealed  icijcctions  lessen  the  pcmicabilily.     In 

SytofctiMTte  animals,  cpinephrin  faiiws  deposition  of  glycogen  in  the  liver,  but  not  in 
iC  muacles  (Polluk). 
The  evidence  for  the  hepatic  origin  of  the  sugar  ii  ntso  convincing.    The  blnod  of 
ihc  hepatic  vein  contains  more  Migar  than  that  oF  tnepoital;  sugar  fonnation  is  Increased 
on  perfusion  ol  the  excised  liver,  and  conversely,  there  is  no  glycosuria  when  the  func- 
tiocisof  the  liver  have  been  injured  by  phosphorus  (E.  Frank  nnd  Isnnc,  191 1).     Wilcnko, 

1913,  cUims  that  cpliicphrin  increased  Ihc  ciiiisumptii"!  of  glucose  in  iheiicrfused  heart; 
Ud  believes  that  the  glycosutiu  is  due  lt>  somir  indirect  disturbance  oi  the  consump- 
tion of  sugar.     This  conclusion  would   require  more  experimental   c^'idcnce.     I.usk, 

1914,  finite  that  it  docs  not  influence  (he  oxidation  of  mi;c»led  glucose,  nor  protein 
metabolism. 

Efiniphrin  Xeceisiry  for  Splancknie  and  Puncture  Clycosuria. — In  support  of  this 
viamr,  Macleod,  Pearce  and  Clirkiic.  101 1  and  iQt  >,  founa  (hat  sllmulnlion  of  the  left 
apUochnic  nerve  (uiiicli  furnishes  the  ner\'e  ^upply  of  both  udrenals;  Kalin  and  Nishi, 
1909}  doca  not  produce  hyperglycemia,  if  the  left  supraicnid  gUnct  has  been  excised; 
sad  according  to  A,  Mayer,  dialielic  punrlurc  i*  inclleaive  after  rcmovsl  of  the  Rtaiuls. 
Tbeobromin  glycosuria  is  also  prevented  (Miculitich,  101 ')-  However.  ihe<e  measures 
do  BO*  act  simply  by  increasing  the  secretion  of  cpinephrin,  for  the  glvcosuric  response 
to  splanchnic  Mimulaliun  is  also  pre\'ented  by  section  of  the  hepatic  plexus,  which  does 
rwt prevent  epinephrin  glycosuria  (Macleod  and  Tearce,  1911). 

ri)'ttlUliim  of  ViisofanstrUlion  and  Clycoturtj. — The  results  of  Straub,  11)09,  and 
RitzmaoD,  1909,  show  that  both  efFecls  are  strictly  parallel,  and  proportional  to  the 
rate  of  injection  (intravenous).  Smaller  dose?  sulTice  for  the  glycosuria  than  are  re- 
oulrcd  for  the  rise  of  blood  pressure  IGranienitzki.  ii)i:);  and  Ransom  heticves  that 
tbe  preSMC  and  glycosuric  action  arc  connected  with  different  groups  In  the  mulc<:ule. 
TMs  it  (upportM  by  the  obsen-atinn,  that  with  partial  oaidalion  of  epinephrin,  the 
jdycowtrfc  action  is  lost  first  (McGuignn  and  Mostrom,  ii>i3). 

ItUfrfffing  Factors. — Epinephrin  glycosuria  is  prevented  by  ergotoxin  (Loewl) 
wUch  Icsicni  the  hyperglycemia  and  also  the  permeability  of  the  kidney  for  sugar 
{but  not  for  chloride  Miculicirh,  191Z).  It  is  also  prevented  by  mcotin  (Hirayamn, 
iQti);  by  lymphagoiiues  (peptone,  hirudin;  Miculidch);  and  by  repeated  hcmorrhaice 
(Wifenko,  tQii).     Urethanc  increases  the  activity  (Underhill,  1911). 

Epinephrin  glycosuria  is  suppressed  by  untipvretics  (Stat  kens  lei  n).  Since  the 
bypM^lvcemia  is  not  diminislied.  the  action  of  the  antipyretics  must  be  on  rcual 
pcrmcabititv  1  Miinslield  ind  Putjesi.  lotj). 

CouulabiUty  of  Blood. — This  is  increased  by  intrapcritoncnl  injection,  simul- 
taneously Willi  the  hyperjclyccmia  (VorbutRh  and  Richards,  io<.^).  Cannon  and 
Mendennall,  1914,  found  that  the  intravenous  injection  of  small  doses  <o.oo2  mg.  |>ec 
ldlo|ram)  hastens  coagulation,  and  that  laigcr  dotcL  10.05  mg.)  retard  it.  Howell, 
t9<4.  considers  the  delay  duo  to  decreased  prothrombin,  analogous  to  hemophilia. 

PotjcftlMima. — Intravenous  epinephrin  injeciion  raises  the  bloud-counl.  by  dimin- 
iabing  the  volume  <>l  plaima  iT.nmsnn  nnd  Keilh,  igifi)- 

Eudiolytic  Action. — Kpiucphrin  is  strongly  bemolytir  for  beef-blood  and  to  a  less 
degree  for  other  animals.  !t  also  produces  roethcmoglobin.  Serum  weakens  the  action 
(U/Ie*  ariil  Tanalta,  1911  and  1913). 

He«t  Recutation. — Excision  of  the  suptarenals  lowers  temperature  (Hullgrrn  and 
AnHersson.  1S9S1;  whilst  the  injection  of  epinephrin  (and  other  internal  secrelions) 
pruduees  (ever  (l''reund  and  Marchand,  191^).  Hirsch,  1913,  found,  presumably  under 
dlSerent  condtttons,  that  the  injection  of  cmncpbriti  or  pancreas  lowers  (ciripciaiure  by 
decreasing  heat  productbn.  (ioctta  and  Wa*er.  iqi;.  describe  rise  of  brain  tempera- 
ture and  cooling  of  skin,  with  0.7  ntg,  in  rabbits,  intravenously.  Intracerebral  in jec* 
lioo  acted  simiUrly.     The  rise  was  not  prevented  bj'  eritotoxin. 

nitrogen  Metabolism. — Epsncphrin,  by  vein  or  hypodcrmically,  ha*  little  or  no 
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Influence  on  the  nitrogen  cMrction  (Kiuux  und  Ilirach;  Que*I,  tooR;  Liuk,  1914). 
in  doKs,  litrgc  dnsci,  hyjMdcrmically,  incmkSL*  Ibe  cxvrctiuu  uf  uik  add  >ud  npttuJIy  ol 
Rllnntoin  (Falla,  1914). 

loteireUlion  with  Other  Intenwt  Secrtrtions.— Thp  epincphtin  ^>'cowri>  b  mot 
related  In  piimrutk  glycomria.  The  abUily  to  use  sugar  in  not  impiured;  the  urca- 
•mirinnlum  tullo  is  not  nitcrcd  (Undcrhill  uid  Closson,  iqofij,  even  on  intraperitOMal 
inji^-'lion  (KuEcnbloom  anil  Wi^iiitwriicr,  iQiz);  nui  are  there  any  scctont' bodies  in  Ute 
unnc.  Neither  'a  there  any  other  good  cvidenirc  for  tiie  theory  of  Eppingcr,  Ftlu  and 
Rttdinger,  1909,  tlmt  epinephria  inhibits  the  interottl  secretion  of  the  paocrau.  The 
obr»erv.-ition  of  Zuelicr,  that  injtclion  oj  pancreas  nbolUhes  the  epinrphrin  glycwuris, 
Cftn  he  explained  Himply  by  irritalion  (presumably  reflex  spa>m  of  the  renal  vosels);lc 
the  same  results  follow  the  intraperitoneal  injection  ol  tlie  simplest  initaQt>>  socli  u 
turpentine  (Fuerth  and  Schwarti,  191  il.  Rcmovni  of  the  pancrcoi  hax  no  dcMle 
cDcct  on  vasomotor  irritability;  nor  is  there  aoy  other  xood  evidence  that  the  p«ncrtas 
normally  exerts  a  depressing  iniluence  or  the  sympathetic  sjntero  (H«*ktns  and  GunD> 
ing.  igi6). 

Removal  of  the  adrenals  results  in  cbanites  of  the  pancreas;  but  these  ate  uttritwiable 
to  the  low  blood  pr[S5ute  and  other  adynamic  phenomena  iMonn  and  Oiipi,  1915). 

Thyroidtilomy,  also,  has  no  influence  on  the  glycoituria.  Some  of  the  apparent 
results  Ciin  be  cipUined  by  the  natural  variations  in  the  intensity  of  the  dycoiinia, 
wliich  occur  even  in  the  same  animal  under  apparently  identical  conditions  (UndcthUl, 
lOiiJ.  PiSuitrin  docs  cot  increase,  but  rather  diminishes  the  cjnncphrin  byp«T][Iycniiia 
(Stenstrocm,  1914)- 

Suprarenai,  Thyroid  and  Depressor  Stimulation. — Asber  and  Flack,  tgio  and  igi  t, 
have  shown  that  there  is  a  true  intcrrelntion  between  thyroid  and  cpinephrin  as  regards 
the  blood  pressure  action;  so  that  increase  of  thyroid  sccretioa,  provoked  by  itintula- 
tion  of  the  superior  laryngeal  nerve,  <ensitizcs  the  blood  vcMett  to  the  epincphris  rbc^ 
U  well  as  to  the  fall  on  depressor  stimulation.  (After  the  thyroid*  have  b«Mi  exeJMd, 
the  Euperior  turynKcal  does  not  have  these  eRetts,  shon-in^  that  it  must  act  through  tbc 
thyroids.)  Injection  of  thyroid  etLracl,  but  not  of  iodothyrin,  has  a  umilar  eflcel. 
Ot  does  not  Increase  the  epincphrin  content  of  the  adienal  vein:  CIcy  and  Quiaquanid, 
1913.)     The  pupillo-dilaior  response  is  not  »ensiliied  bv  thyroid. 

Conversely,  cpincphiin  aliniulnics  the  thyroid,  producins  an  action  curmti.  This 
occurs  whether  the  cpinophtin  is  injected  directly,  or  liberated  by  splanchnic  stimula- 
tion (Cannon  and  Caltcll,  1916). 

By  the  (unreliable)  intestine  test,  less  eploephrii;  appears  to  be  prcaent  in  tbe  snoca- 
renal  vein  during  central  drprtisor  stiirtuiaiion,  independently  of  alteration  of  the  blood 
flow  IhrouRh  the  glnnd  (Richards  and  Wood,  1915). 

Epincptirin  diminishes  or  abolishes  the  response  to  dcprtssor  stimulation  (Oliver  and 
Schaefer,  and  others),  and  indeed  to  all  kinds  of  vasomotor  stimulation,  pressor  or 
depressor;  electric,  nicotin,  etc.;  and  this  independently  of  the  level  of  btood  pressure 
(Hoskins.  1915).  This  depression  of  vasomotor  irrilability  occurs  more  slowly  than  the 
direct  pressor  effect  of  epincphrin;  so  that,  if  both  measures  are  started  simultaiKously, 
the  results  are  strictly  additive;  but  if  eclnephrin  is  started  I'lrsI,  the  addltioo  is  trnpertecL 
Curiously,  a  slmiUr  dlmiuishcd  reiiction  to  nicotin  occurs  in  from  one  toei^t  days  after 
the  excision  of  one-half  to  seven-tenihs  of  the  adrenal  tissue  (Hoskins,  t^tj). 

StHsilizalion  lit  PiluiMry. — Kcpinww,  191),  claimed  that  doses  of  pituitary  which 
are  themselves  inatlivc,  increase  the  vasoconstrictor  effect  of  epinephrin.  KischbietJer, 
1913,  and  Hoskins,  19:5,  were  unable  to  conlirm  thit,  finding  only  liinplesomaialion. 

Bocrncr,  191 5,  found  some  JncrMsr.  but  attributes  this  tu  mote  prolonsed  sojotim 
of  the  epincphrin  in  the  circulation,  due  to  cardiac  depresmon;  for  the  "potentiation'' 
eccurrea  only  in  rabbits,  in  which  piluitar)-  drprt«sco  the  heart;  and  not  in  cats,  in 
which  deprcffiion  is  absent.  A  similar  "  potent ja tion''  waa  produced  by  other  cantiac 
dci)r««ants,  hislamln.  ntcottn,  etc. 

Toxic  Actions. — Excessive  doses  of  epinrphrin  produce  wmiting,  exdtcincM, 
debility,  bloody  diarrhea,  hematuria,  asceudiuK  central  polriy^,  great  fail  of  lcai> 
perature,  occasionally  convulsions,  complete  prostrution,  and  <MM  by  respiratocy 
(cat)  or  cardiac  (dog)  parnlysia.  The  Jalal  dotf.  varies  connderably  (usually  o.i  to  oM 
tag.  per  kilogram  intravenously,  or  1,5  to  10  mK.  per  kpograrn  hvpudermically),  bnl  s 
about  joo  limes  the  therapeutic  dose.  .A  noticcnblc  rise  of  blooa  pressure  can  be  teen 
after  Kgno  of  the  fatal  dose.  The  diniial  side  aciimu  at*  oetcribed  by  Seiftrt, 
Ncbcnwirfc,  191;.  paice  1.54, 

Giianin  is  said  to  lessen  the  toiicilv-  and  glycosuria  (Desgrcz  and  Dorleans,  iQtj). 

The  toxic  effects  arc  the  result  of^ the  peripheral  actions;  for  asCudiny,  ID09,  haa 
pointed  out,  the  ratio  of  activity  of  the  different  isomers  is  the  same  for  the  tone  as  (or 
the  blood-pressure  effects. 
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Cause  of  the  Brief  Action  of  Epinephrin, — When  cpinephrin  is  injected 
intravenously,  the  eifecis  are  of  very  short  (turation,  disttppearing  wilhin 
a  few  mingles  after  the  injection  ceases  (Fig.  14).  This  goes  parallel  with 
the  disappearance  of  epinephrin  from  the  blood,  and  is  due  to  the  rapid 
destruction  of  the  substance.  Epinephrin  is  readily  oxidized  and  thus 
rendered  inactive.  The  oxidation  occurs  presumably  in  all  tissues,  includ- 
ing the  hlood,  but  with  very  different  velocity.  The  blood  vesseU  and 
liver  probably  have  the  largest  share. 

On  the  other  hand,  the  vessels  continue  to  respond  practically  uni- 
formly and  indefinitely  to  whatever  epinephrin  may  he  present  in  the 
blood.  It-s  effects  may  therefore  be  repeated  by  repeating  the  intra- 
venous injection,  and  they  may  be  rendered  continuous  by  continuous 
infusion.  A  uniform  infusion  will  maintain  a  unifram  moderate  rise  of 
blood  pressure  for  a  considerable  lime. 

Persistence  of  Action  if  the  Concentration  of  Efdnephrin  is  Haictaiaed. — In  Dxcbed 
kidne>'5,  [ht  p«rfu;ipn  flow  may  Ijc  arri^lfd  (rjr  a  t^ng  lime,  iiim'.'limpi  for  hours,  by  A 
single  injection  of  epinrphrin.  This  iliustratcs  that  epintphrin  is  not  dcstroyrd  (at 
IcaM  in  the  Absence  of  oxygen)  in  the  tissue  (hlijrKl  vessels)  on  which  it  cirerls  its  main 
■djoo.  It  also  shows  thit  the  stimulation  c^n  be  continued  indefinitely,  nnd  thnt  it 
)  does  not  give  way  to  "fatigue,"  or  to  dcprneiaa,  no  mnttcT  how  much  epinephrin  i» 
mod. 

"niii  corresponds  exactly  to  what  is  observed  in  the  living  animals:  Rt pealed  iajetllnKi 
of  the  same  doic,  on  the  ftitmc  nnimni,  give  qunnlitolivdy  the  same  pressor  cITecl 
(Buyac.  190J),  (or  at  least  lo  sutccwivc  injecllons  (Krclifhmcr,  igo;).  Sulfiricnl  time 
muat  elapae  l)etvecn  injections  for  the  circulation  10  return  !0  aormai;  othcrwi5c,  there 
*rill  be  lunerpotulion. 

KretsduoCT  alto  found  that  if  Ihe  {njectian  ht  maiU  cunlinuniu,  Ihc  nressure  rise  is 
(Qainlained  unifarmly  M>  long  m  tlie  rate  «f  injection  is  uiiiForm.  The  blood-preiture 
levd  riles  **  llic  rate  of  tn}«ction  is  incroucd,  from  the  minimal  edcctivc  dnte  until  a. 
nftdcattm  b  attained.  In  rabbits,  this  occurs  when  the  rale  of  injection  correipondi 
to  abottt  o.ot  mg.  per  kilogrom  per  minute.  Up  lo  this  point,  the  dwtruction  muni 
keep  »tep  iritti  the  injeclion;  else  the  rise  would  be  progressive.  Further  injection  pro- 
ducts no  further  ri^e.  but,  when  the  injection  i^  arrested,  the  return  to  normal  is  inverse 
to  the  rale  al  which  the  epinephrin  has  been  introduced,  Nncc  it  will  lake  « longer  time 
to  destroy  the  extewivc  epinephrin. 

Tkr  Unifonnityeif  Ktspotue  h  not  Unlimiltdt     Frochlich  and  T^clc.igti,  found  that  if 

large  doses  are  given  in  tnpUl  succession,  the  rise  becomes  less  pronounced  and  finally 

dbappeare,  although  Ihe  blood  pressure  may  remain  normal.    This  Ik  prrhsps  Hue  lo 

an  allrrcd  distribution  of  the  blood;  for  Frochlich,  luto,  found  that  a  single  dose  of 

-  d -epinephrin,  which  has  a  much  more  prolonged  action,  may  abolish  Ihc  response  to 

L«rdinBr>'  1-epinephrin. 

E^nefmin  it  im/  uit  AnJifni:  No  antibody  is  produwl,  even  it  the  fliypodermic) 
injecUoos  ate  ooolinued  over  three  monllis  (KUiott  and  l>urbam.  1006);  nor  is  there 
^ASy  habituation  (Pollali,  rgio).  Halpcm,  IQ13,  ciaim.^  that  intr.iperllone.il  injertions 
1  saprnien«l  retracts  Init  i>(  e|)inc|ihnn)  U-iid?  to  'he  prvKliictinn  i>f  a  dilal<ir  f.ulj5t;ince. 
Tlio  Return  to  Normal  Pressure  Coincides  with  the  Disappearance  of  the  Eplnepb- 
lia  from  the  Blood. — The  direct  invcsligalinn  of  this  question  yielded  contradictory 
resullt  in  Ihr  h.iiiits  ol  the  earlier  iovettigalor*  (Wds*  and  Harris,  1904),  who  worked 
with  methods  which  at  prisent  would  not  be  considered  adequate  for  the  riun>ote. 
The  leccat  work  (He  \'at  and  Kochmann,iijo5;  D.  E.  Jackson,  looi);  Trend  el  enburg, 
i^j<)io>  iJiow*  that  the  disiii'iicyunce  0/  cpiucphtia  from  tne  blood  Koes  perfectly  parallel 
rith  lb«  return  of  the  blocd  pressure.  > 

Tht  Disappeiir/sHCt  cj  Epinephrin  h  not  Dtit  Co  Eiertlion. — Fucrlh  found  that  the 
uiine  cootaim  at  mo«t  traces,  even  after  large  Injections;  and  Ihe  pressor  effect  disap- 
p««ra  «i*o  when  access  to  the  excretorv  organs  is  excluded  by  clamping  the  aorta 
{J>cksoo.  iQog).  This  cTperlmcnt  also  snows  that  the  visceral  ot^ans  are  not  necessary 
for  the  dniTUCtlon  of  epinepliriu. 

AiilficLtl  Destruction  of  Epinephrin. — Epinephrin  is  readily  oiidixed.  especially  in 

dilute  and  alkaline  lolu lions  (R.  Moore,  1M95),  with  complete  loss  of  acliviiy.    Through 

its   aroido-group,  it   it  aluj  promptly   inuilivalcd   by   (>.>rniatdi'hyd   (Craiiicr.   njii). 

Arljlieial  wddation   does  not  destroy  al!  the  activiiirs  at  the  same  rate  (Mcduigan 

,  snd  Mostiam,  191  j).    Blood  in  ^tre  has  a  curiously  slow  dcslructivecffert.so  that  the 
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actt<.-)t>-  is  preserved  for  niany  houre  (Oliver  and  Sducfer,  1895;  Emdca  aad 
Fucrtb,  IQ03I:  indeed,  imnll  qunntitiH  of  ncriim  rct.ird  the  dotructiaa  natofilly 
(ScliwctscbuikulT,  loijj.  Tlic  oxidnUon  protti-da  much  fatitt  In  the  prcwnc*  M 
blood  vessels  (Tutum,  igt:j.  CerebrD-spinnl  fluid  dettroyi  cpinephrin  much  more 
rapidly  thnn  dc>cs  scrum  (Mcluer,  1911). 

Destruction  in  Tissues. — Gioffri'di,  igo;.  found  tint  wbrn  Viiimrplitin  was  pcriuMd 
Ihrougli  the  liver,  it  was  miiitlly  destroyod;  more  ilowlv  io  ikeleiol  niu«k;  not  kpprV' 
dftbly  in  tlie  kidney,  liing  nnd  brain.  The  destruction  is  Ihcrcfote  a  hkcLxI  vitil 
[uuclion  of  the  liver.  This  explain&  the  vastly  more  luting  eSecu  of  cptnephria 
when  it  docs  not  come  into  conlncl  with  the  liver,  is  in  ncrfution  of  the  cxdsod  kidney-. 
Itiilsoeipliiins  theuWr\'atiuiiul  Mcllzcr  <)ia(  cifiacphnn  retaiQ»  Its  activity  (or  Mvtf*] 
hours  whrn  it  ii  conlincd  in  the  lissocs  by  a  ligature,  Kictichmer,  1007.  favad  (hat  the 
destruction  is  hastened  (i.r.,  the  nclion  is  shoMcncd)  by  IcMCning  the  alkalinity  ot  the 
blood  by  the  injection  o(  acids;  und  tfcr  veria. 

Physiologic  Functions  of  Epinephrin. — ^Thc  striking  actions  of  cpi- 
ncphriii  in\'ite  the  theory  thai  il  plajs an  important  rfllc  as  a  bormooe  for 
maintaining  the  tune  of  the  sympathetic  s)-stcm,  ptirticutarly  the  blond 
pressure;  and  that  it  is  concerned  in  pathologic  conditions  of  the  sympa- 
thetic system,  Basedow's  disejtsc,  diabetes,  arterial  hypertension,  etc. 
These  views  seemed  supported  by  the  apparent  presence  of  epinephrin  in 
the  blood.  Subsequently,  however,  it  was  .*hown  that  the  tests  were 
misleading,  and  that  normally,  not  enough  epinephrin  passes  into  the  blood 
to  exert  any  cfTect  od  blood  pressure,  or  even  on  the  much  more  sensitive 
intestine.  There  is  some  evidence  that  its  secretion  may  be  incteoMd  by 
stimulating  the  sympathetic  nerve  supply  of  the  adrenal  glands  (J.i., 
through  stress,  fear  and  other  emotions),  so  as  to  obtain  effects  on  »nme 
of  the  more  sensitive  functions,  but  not  sufEciently  to  influence  the  blood 
pres.sure.  Even  under  these  most  favorable  omdilions,  the  response  is  s«.i 
small  that  it  may  be  doubted  whether  it  has  much  physiologic  significance: 
nor  has  the  causation  of  any  pathologic  condil  ion  bec:i  definitely  connected 
vfiih  altered  epinephrin  content  of  the  blood.  It  is  possible,  but  scarcely 
probable,  that  epinephrin  is  merely  a  wasle  product,  temporarily  stored 
and  perhaps  destruyed  in  the  adrenal  glands.' 

Chemie  Control  of  Body  Pimctions-^The  orgnniMn  of  iiniinalit  u  well  u  pUats  pro- 
duces OS  direct  or  liy-prudurts  of  Its  activities,  chemie  tutisunces  of  doddcd  pharma- 
culo^c  actions.  Some  of  the^e  ate  probably  waste  products;  but  others  *erv«  to  regu- 
late important  function*.  In  ihit  way,  the  body  is  under  the  eonitont  influence  of 
"drug  therapy,"  and  the  correctiun  u(  (uutly  functions  by  "drugi"  is  not  kb  attlficbl 
but  H  natural  |)Tace;i  of  the  body.  A  striking  instance  of  -luch  ref-ulution  is  Uw  carttoa 
dioxid  (Bayliss  and  Stadino,  igo<i),  with  ils  controllini;  cflca  on  the rcxjuratory  and 
VBKiinotar  centers,  etc.;  ana  there  are  uumerous  other  Inklaaccs  of  the  iBportaiKC  of 
the  "hormones"  ol  intemal  secretion,  such  as  the  regulation  of  the  paacrtBtte  secretion 
by  secietin;  the  cbemic  control  of  Ihc  ficnual  functions  (Stading,  Barve>-  l.o:tur(«, 
1908). 

Absence  o(  Epinephrin  from  the  Nonnal  Blood,— Tiendelenburs,  lOii,  found  that 
blood  hai  a  ccmstricling  cilect  on  perfusing  the  \'C£sels  o(  n  frog,  and  b^ieved  thai  thb 
demonstrated  the  prcM-ncc  of  epinephrin.  Changes  in  this  reaction  wercdecicribcd  for 
vaftous  di«eases  (Etrockiua  and  Trendelenburg,  tpti;  oUo  by  A.  Fracnkcl,  1904.  bodk 
tiie  uterus  03  test  object).  However,  G.  N.  Stewart,  rQii,  O'Connor,  1411,  and  Jane- 
way  and  Park,  igra,  thowcd  that  Ihe  constriciar  suhttance  of  ttrum  it  im(  tfiatfirim, 
(or  It  falls  to  eivc  the  inhibitory  reactloni  (/.r..  on  the  inteetiaes).  It  b  not  S^m- 
palhominielic,  but stimulntcsall  smooth  muKtci,probab1y directly.  ItnfomtedmaiBty 
in  the  proccu  of  dotting  (O'Connor,  1411)  and  Increases  wllh  the  age  of  ibc  scnut 
(Hjindovsky  and  Tick,  lo'i). 

With  decisive  methods,  no  epinephrin  hot  been  demonatrated  in  the  Knun,  even  in 
pathological  conciilions  (Stcwarl,  ii>ij),or  when  the  blood  pressure  ix  lowered  hy  bemor- 
rhagr  (Trendelenburg,  1911).  Il  may,  however,  be  shown  in  the  blood  of  the  adreoal 
vein  (O'Connor,  191:),  especially  on  splanchnic  stimulation  (Stewart;  Asbet,  iQit). 
or  ti  the  gland  i«  niasMjted;  but  the  ([uanllty  I3  so  smaU  that  its  eSecU  ate  pncikal^ 
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[tbc  KfncMi  circulation. 

I  diitinclly  diKcraibk  if  a  •dEBMUf!Kfl|B-'i^lp^b 

nMcBtjr  admitted  to  the  ciTcuUlion,  b>-  icmporsHly  daraning  nnd  then  rclca^K  the 
vau  cava.  This  t«(]uim  iolaclncis  of  tlw  aplanchnlcK.  By  ctiis  method.  Ihc  normal 
dhcturae  of  cpdncphnn  may  be  calcdntcd  u  0.0005  lo  0.0009  ■»?-  per  niinute,  per  kilo- 
mm  afbody  mlKht  (G.  N.  Stewart  and  RogufI,  tgi6). 

»HiMkiiM  and  XicClure,  lou.  point  i^ui  thai  if  cpinephrin  pcnistcd  normally  in  the 
(JboalalMMi,  it  would  cciult  in  ioluUtlonof  perUtalu*.  sinc«  llie  iiitnlineiore  much  more 
a«rillv«  th*n  the  blood  vcMcU.  TRndelraburg,  1015,  nlso  lind*  Ihal  the  connnlralioa 
laaamal  blood  could  not  be  ova  1  En  1  or  a  biHionv  and  u  probubly  smaller-^toa 
omO  ia  aficct  the  blood  preMure  ur  intestine.  Further,  llmkint  and  MePeck,  1913, 
-'n*"''t  that  Ibe  umall  iiiunlity  irhich  could  poMlbly  tench  the  circulotloii  would 
II,        diUle  instead  of  «>n<itric(lnj(  tlie  blood  voacU. 

^^  The  (act  that  the  adrerul  slond*  do  not  normalljr  contribute  to  the  mainlcruince 

H  of  vaioalar  tone  U  atoo  shown  »>-  teraporarily  clamfint  Iht  adrmal  tttteli.  The  blood 
^  preainre  doe»  nut  fall  whilst  the  clamp  b  applied  (wtthia  oa«-haU  hour),  but  only  after 
■  day  or  *a,at  death  nporoocbes  (Tremtelentturs,  i])t4);  nordoesitrite  when  the  damp 
i»  r«aK>v«d  (Ho»i(lnA  sod  McOure,  191*.  The  positive  results  of  Strehl  and  Weiss  arc 
retributed  to  obttruciion  of  the  tens  cava  or  stlaiuUtlon  of  afferent  nerves;  botrevcc, 
Hoakittt  and  McPeck,  191J,  alu>  found  poulive  results  in  pregnant  cats). 

Raapoosc  to  Splanchnic  SdmuWtion.— Whilst  it  i>  thui  certain  that  the  amount  of 

r^fM!|>hrui  oidinsrily  Kcrettd  is  betor  tlie  phyiioloicieally  eOedive  limit,  there  is^ 

evidence  oJ  sone  secretion,  especially  on  splancnnic  i-tioiulntion.    Asher,  loio  and  t^fi, 

(ounU  that  splanchnic  stimulation  in  eviscerated  anltnal«  docs  not  raise  Ihc  blood  prf»Mre 

U    tlse  suproreiul  vcbcIs  are  c1smi>cd.    The  splanchnic  rise  under  thcM  condition* 

must  tbcrefoie  be  due  to  M<rcliQn  of  epineohnn.    The  rise  can  be  made  continuous, 

shasrlng  tbal  the  cplnephrin  in  srcrciod  and  not  merely  vashcd  out.    Tbc  secretory 

tanucBoe  of  the  splanchnic  is  probably  euntiiiuuus,  for  O'Connor,  igij,  and  Stewart 

and    RogoS,   1916,   find  Ilut   their  section   Icucns  the  secretion  greatly.     Stewart, 

Rogoa  and  Gibson.  1916,  (howcd  the  cplncphxlD  dischario  on  splancbnic  stimulation 

br  tbe  tnvdrialic  snd  blood- pressure  resctiotL    It  occurs  very  promptly,  and  is  not 

P«wcntco  by  aitrnipts  to  exhaust  the  cninephrin  store  through  frignt  or  morphln. 

Kpinephrin  discharge  is  also  conccniea  in  tbc  blood-pressure  response  to  splanchnic 

stitntUation  under  ordinary  conditioiu.    Tb^  rise  ^nersUy  shows  two  summits.    The 

fixat  ta  due  lo  direct  tesMiite  of  the  arterial  muscle  to  the  nerve- impulse.    The  second 

m;      la  due  to  epdnephrin  disuwice,  tor  It  docs  not  occur  If  the  suprarvnuls  have  bocn  ligaled. 

1^  The  cardiac  accdcration  after  splanchnic  stimulation  msy  be  clue  to  the  same  cause 

^P    (y-  Anrep,  IQIJ:  Burtoo-Opila  and  CdwanU,  1916).     However,  the  relation  between 

li        the  ftdreaals  ana  the  fa>-perlcnsive  function  of  the  splanchnic  is  not  coiutant  (Gley  and 

QwingwaBd.  loij). 

Tbe  secretiooof  epimphrin  may  be  increased  by  stimulating  the  splanchnic  directly 
«  reflealy. 


WPLDEUCE  OF  FUNCTIOSAl  STATES  AMD  DRUGS  OW  EPINEPHRIH 

SECRETION 

Cannon  and  dela  Pax,  191  r,  describe  increased  output  of  ejunephrin  by«M0tiM)aHrf 
/^  tneats.     They  tested  thU  by  the  rdaung  action  on  csxiscd  inlcsline:  thb  isnfob- 
sUf  ih*  litai  siule-object  tnt,  but  not  ascooclutivc  as  }he  use  of  several  i«t  objects. 
Caanut),  \ut  and  Itinger,  191s,  also  find  incroM  of  cptnepfartn  after  the  bjoction  of 
^iS^  Us  to  7.5  m){.  per  cat).    Thcii  conclusions  receive  i>aiiLal  oonftrmation  from 
Mttj  191 1,  who  etriimated  the  amount  of  epinephrin  in  the  glaitds.    The  two  glands 
'••■•Uj'  conlatn  the  mmc  amount:  this  a  rapidly  decreased  by  cxdtement  (morphin, 
MslttnaapfaihyUoiui);  aoTMrii  (cnloroiorm.ether,  urethane,  niorphIa):andt)y  stimu• 
l'''■Dot1keaflerclltsciaticorof  thecerebndoartex(telra-naphthy1anunl.    The  action 
*al  tW  appean  to  be  central,  for  it  docs  not  occur  if  the  splanchiucs  iwve  been  cut. 
fm,  ii>L4,  further  found  similar  diminution  of  rulnctibria  alter  fri|hl  and  bacterial 
W^ltiB.  dc,  in  animals,  and  after  worrv  and  inJeclious  diseases  b  man.    Dale 
•^UUbw,  1911,  and  Jackson,  191J,  alto  believe  ibatstimulaiion  of  e]ttiiephrtnsocre- 
^*yj  nicoiin  and  pilocarpin  is  respomiUe  for  the  <&Sereact9  In  the  aflccts  of  Ihc  dnif» 
■"wet  animals  and  on  excised  orxaoB  (uterus,  bronchi,  ocular  sympatbetic). 

nu  leiults  of  Stewart  and  RoeolT.  1916,  throw  doubt  on  some  of  the  inicrprctatioBi 

"  niisu.    They  confirm  (hat  morphin  ifimlmthct  the  epinephrin  cootent  ul  the  ad- 

>w>;  bet  this  occurs  in  do^  as  well  u  la  cats,  so  that  It  cannot  well  be  attributed  to 

»d»Bnil  or  Iri^t.    ThcK  crnotion*,  when  produced  by  mora  direct  means,  did  not 

■J 
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diminUh  the  e^uephrin  Store.    "Tctra"  did  produce  eilremc  exhaustion  of  cpincphria 
itore  In  cats  with  intact  vagi;  rabbits  mpondcd  leu  compl^dy. 

Corbett,  1915,  found  the  cpincphtin  Nluck  Kieatly  lowered  iii  traunialic  jliock.  tkd> 
ford  and  Jaclumi.  1916,  show  that  this  cxhaiislion  occurt  nhcncvcf,  by  any  muni,  the 
blood  presauTO  is  kcpl  tirluw  50  nun.  for  at  lead  one  or  two  huurs. 

The  diminished  cpincphrin  content  of  the  aloiid  nflcr  prolonged  anetihtiin  hu  bwai, 
.confirmed  b)'  Olivu.  11)14,  mid  Corbctl.  1915-     Chlorofurm  dl^rhargcs  the  gland  morw' 
ra.]^l>*  than  smooth  ether  anesthesia;  am!  the  recover)-  of  the  normal  rpincphrin  coo- 
leot  b  slower.     However,  if  the  ether  prcKlur.i!^  much  friiiht  and  eidlcmcnt,  it  may 
diminish  the  epincpliriu  coiili-iit  very  ti'v-crcly.     Marehetti.  >Qi;.  arrive)  at  oppwttC' 
results  with  clher;  he  report*  a  inarketl  immediate  inirrait  of  epinephrio  in  the  ^land.  [ 
lastint;  for  5c\cral  hcujrs,  ami  rcturniiiK  to  niirmwl  aflcr  twenty-four  hoiire. 

Total  Amount  of  Epinephrin  in  Gluida. —  In  man.  this  is  normally  about  4  to  j  oij^ 
per  gland  (tloiri^^ieher,  1910;  EUioii.  1914);  in  dopt,  1  mg.;  in  cats,  0.19  mg.  (Mnrchelti, 
1915);  in  sheep,  to  7  mg.  (Fotin,  Cannon  and  r)cni»,  igrj).     The  pcrecnlAge  »  about  j 
0.1  per  cent,  of  the  moist  weight,  in  all  animals.    7'lie  content  dots  Itot  vaiy  nitfa  tbt 
Masons  (Seidell  an<l  Fcngei,  1914). 

Kpinrphrin  is  present  very  early  in  fetal  anlmaU  (Fcnger,  1911;  McCofd,  igiO- 
la  the  human  lelus,  it  is  absent  at  mk  montha,  but  present  at  full  term  fJ.H.  I.nns 
191(1;  Moore  and  I'urinion,  1000). 

Elllult  (190J)  hc1ievc«  Ihnt  rpincphrin  a  alio  present  in  spcrini  CclU  in  i>thct  titiu* 
tioiu,  but  always  closely  imuciuted  with  sympathetic  KunKlia  (/.i.,  in  the  intctcnrotid' | 
body).    Thishasbecn  taken  to  indicate  that  sympalhelicstimulntionii  affected  by  boili  j 
R  chemic  and  a  nervous  rncchnni>.m.    The  admiU  ciirtn  contilntno  epinephrin,  and  i*  < 
supposed  to  have  ceiatioas  to  gtuwtli  nnd  sexual  development.     Voeitttin  and  Machl, 
191  ?.  .inntmnccd  a  crystalline,  lipo-soluble  constrictor  principle. 

Addison's  Disease.— This  is  issocintcd  with  dcslniclion  of  the  fuprnicital  glandt. 
The  Iherapculic  administration  of  prcparatiuns  ul  the  glands  hu  therefore  been  tried; 
also  in  rickets,  diabetes  insipidus  etc.  The  lesults  bftve  not  been  very  good,  which  is 
»c»rccly  surprising  when  the  rapid  destruction  at  the  substance  b  considered. 

Excision  of  iiotk  fuprarenal  gtartds  uroducci  death  in  a  few  days  (Brown- 
Sequard,  1856,  pane  zgj).  There  is  fall  of  blood  prcsiure.  muMrular  weakness,  decrease 
of  metabolism,  fall  of  temperature,  central  paralysis  death  by  failure  ol  rnipiraiicai. 
The  blood  pressure  changi^  are  the  effect  rather  than  the  cause  of  the  asthenia:  for  the 
pressure  and  vascular  response  do  not  lie-in  l»  f.iil  until  the  asthcrtia  1*  far  advanced 
The  asthenia  probably  depends  on  the  luilurcuf  the  cortical  rather  than  of  the  medul- 
lary function  of  the  glands  Hoskins  and  Wheelon.  1Q14). 

The  injection  of  the  blood  ol  the  moribund  animals  Into  .1  normal  specimen  ts  tald 
to  cause  analogouft  symptoms.  Unilateral  excision  hui  usually  little  clfcvt.  TTaiw- 
plantation  of  suprarenal  ti^ue  has  been  accomplished  by  Bu»ch  and  co-woritcn,  1906 
and  1908. 

Feeding  of  SupntrenaL — With  normal  while  rats,  the  ingestion  of  Mprarenal  lor 
» to  9  weeks  resulted  in  some  hy|>erlrophy  of  Ihc  testicles.  The  growth  of  other  organs 
was  not  affected  [Hoskins  and  lloskins,  loi'iV 

SUPRARENAL  TESTING 
Commercial    preparations  of    epinephrin   \'ary    greAtly   in  activity  (nunt,  1906; 
Sollmann,  1906;  W,  H,  Schullx.  1910}.     Tina  ih  jmrlly  due  to  the  n«dy  dKompoHlkn 
o(  solutions:  but  even  the  dry  commercial  base  is  often  for  from  pure  (Schultx.  i90«)> 
AsMV  is   therefore  desirable.     Quantitative   methods  are  alsit  nneded   for  scientific  1 

Emblems.  Gravimetiic  and  volumetric  methods  are  not  applicable  uid  rccounc  muK* 
e  had  to  colorimetric  and  pbjtiologic  meiHodi.  For  fairly  large  qucnttties,  the  effect.  1 
on  the  bloodpremureof  mammals  i»commonly  used.  A  standard  procedure  is  described  I 
In  the  U.S.  P.  IX  and  in  the  Reports.  Council  of  Pharm.  and  Chem..  191  i,pajce  ri.  TWj 
'  Trendelenburs  method  of  frog  perfusion  has  also  been  widciv  employed.  Various  other  ' 
methods  are  alscuascd  b  the  papers  of  Crawford,  1907;  ScWti,  1909;  G.  M.  Stewart, 
19111  Fiffcneau,  191;. 

Colorimetric  methods  also  give  good  results.  A  nroce**  is  described  in  the  V.S.r.. 
TX,«nd  by  Seidell,  iiji.t  (with  triiical  discussion).  Folin,  Cannun  and  Denis.  191  j.  lie- 
ecrlbeanother  very  sensitive  test,  whith  gives  good  agreement  with  the -blood- pressure 
method.  The  method  of  Krituss  is  unsatisfactory  (llair  and  Sridcll,  1915!.  The 
Tviouscolor  reactions  arede»cribed  by  Ba.rgcr,  Simpler  Natural  BaM»,  1914, page  fl^. 

PREPARATIONS — EPINEPHRIN 
'Epiufpkriita,    N.N.R.;    AdrrHa!innm    (Adrenal.).    B.P,;    Epinephrin, 
(L-Sujirarenin,  etc);  CiHuNOi. — Microcrystidline  powder.    The  free  base  to  pn^j 
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.. .  ly  iuduble,  and  is  therefore  nurkotcd  m  nn  iiqucouA  i  :  t,ooo  solution  at  one  of  ii» 
•alb,  fuunllr  the  hydrochlorid.  Tb«  sututioiis  usually  cont.-iin  a  .imuU  qunnlliy  of 
preMfnlive  (often  fiilplulc)  and  thw  k<xp  faitly  well.  iJu  diluiioti  (bey  delrrlornte 
in  ■  fev  hOlin,  by  oxtdation.  acquiring  x  piiili  to  browii  <x>\in.  Thii  U  fnvorcd  by  ttlka- 
lies,  deUj-cd  by  odd*.  The  alkitloid  is  a  irilucing  ngml  nnd  gives  ji  piuk  or  lul  color 
wiln  oxidiniig  Bub»taoo«  sutb  as  iodin  (liwins.  1910).  Ferric  chlofid  producci  an 
emenld  green  colo«,  wbich  turnn  purple  nnd  cnimin  on  addinc  an  alkali.  Post,  o,  j  c.c, 
8  minltnii,  ot  the  i  :  1,000  Boluliua.     Muxiinuiu  dune.  :  mg.,  ' <Jg  gr. 

'Liquor  Adtnalini  /lydrorhhriais  (tUf.  Adrenal,  Hydiothl.),  B.P.^^.t  per  cent., 
pcocrvcd  with  chloroform.     Dost,  0.6  to  1.8  c.c,  10  to  jo  minims,  B.P. 

Supmrmitlum  Sk(uni  (Supraren.  Sice.),  U.S. P.;  Dried  Supran-nHls. — "The  tupraxe- 
■al  ^uids  of  luch  animaU  as  are  ufed  for  food  by  man,  cleaned,  dried,  freed  from  (at, 
aad  powdered,  and  nintaininE  iift  Icis  than  o  4  per  rent,  nor  more  Iban  o.Ci  per  cent.  o( 
cpInrpliT))),  tbe  octive  principle  of  thesuprorenal  gland.  One uarlof  Dried  Suprarenala 
rqircfcnts  approximately  fi  parts  of  (mh  glnnds,  free  from  fat."  The  epincphrin  i* 
detcnnjeed  cotortmclrically.     Dpse,  0.1s   Gm.,  4  gr.,  U.S.P. 


UZARA 

.\riican  drug^lhe  root  of  an  Asclepindnceom  jUaat — rcscmbleg  cpinrpbrtn 
in  it!  peripheral  cRecti,  except  thai  lh««c  aic  more  itriduul  and  la«tin)c.  ll  is 
ly  the  natirn  uicaiast  dyw;ntcr>',  and  Menu  to  lie  effective  in  amebic  dyienicry 
and  other  diotrhcai.  (Merck's  Report,  }6:464}.  ducrber,  igii  and  1914,  found  a  va- 
riety of  actioDS:  Central  stimulation,  prucecdinx  lu  coiivul6ion»:  a  peripheral  lympa* 
tbotnimetic  action  (dilation  of  pupils)  inhibition  of  intestines,  uterus,  stomach,  bladder: 
VMOcaBttriclion);  nnd  a  dii;llxll«  efTert  on  the  heart.  Tiocrgledt  and  .\irila,  141s,  lind 
tital  il  ftlowa  tlic  beuTt  and  bluud-slrcHni.  but  raises  [he  blood-prtssure  through  vaso- 
constriction. The  cardiac  blowing  h  prevented  by  nicotin.  In  intact  animals,  the  sy*- 
temk  actions  are  much  tcy^  with  oral  than  wiih  hyxKadernuc  or  inlraveoouBsdRdnlitra- 
iJoB.     It  may  be  amebicidil  in  dj-ienterv  (Jml",  iqij)- 

Hw  Intestinal  Movement*  are  inhibited  by  the  sympalhcric  stimulation  (Hira, 
1013),  both  in  lilu  or  wbcn  excised.  It  is  very  t-Scctive  agiiinsl  the  phytiuiligmin  or 
[MiocArpin  movements.  The  diminbhed  peristalsis  lessens  the  excretion  of  uric  add 
<Abl,  1913). 

Tbo  active  prindple  is  glucosidai.     Uzaron  h  a  purified  extract. 


COTOIN  (METHYL-TRIOXY-BENZOPHENONE) 

"Tim  has  been  used  in  diarrliea.  It  11  not  antiseptic  nor  astringent,  but  decreaie* 
ibc  tone  of  cid^ed  intesliiie:^  and  uterus  ilmpens.  tgit).  It  is  used  in  cholera-,  ilso  to 
cherk  the  nixht  sweats  of  phthisli.  Ouyf,  o.ofi  to  0.3  (.tm.,  1  lo .)  gr.  Il  Is  a  glucotid, 
derived  from  Coto,  the  bark  of  an  unknown  Bolivian  pliuil.  Dose.  0.06  tu  a.6  Gm. 
t  10  to  gr. 


PITUITARY  EXTRACTS 

General  SUtemeat.— Extracts  of  the  jiosicrior  (infutxlibular)  lobe  of 
the  pituitary  gland  have  a  strong  stimulant  effect  on  smooth  muscle, 
leading  lo  tonsiderablc  and  rather  persistent  vii.'*oconsliicior  rise  of  bloud 
pressure;  reflex  slowing  of  the  heart;  diuresis;  augmented  contractions 
of  the  intestine,  uterus  and  bladder,  etc.  Tlie  etfecu  resemble  those  of 
histamin  (Fuehner,  1912)  and  arc  quite  distinct  from  those  of  q>inephrin 
(Dale,  1910,  Beyer  and  Peier,  iQi  i).  They  have  no  relation  to  the  nerve 
supply,  and  are  probably  exerted  directly  on  the  muscle.  The  actions 
are  related  to  digitalis,  but  are  relatively  slight  as  to  cardiac  and  intense 
as  to  smooth  muscle.  Their  complexity  is  probitbly  partly  due  to  the 
preaence  of  several  active  constituents. 
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Therapeutically,  extract  have  been  used  hypodermiuilly  wilh  Miccen 
to  accclcriile  labor,  to  check  uterine  hemorrhage  and  in  paresis  uf  the 
bladder;  anti  with  more  doubtful  results  in  inte^liniil  paresis  and  in  col- 
lapse conditions.    Oral  administration  is  practically  ineffective. 

A  review  cf  ihc  literature  o(  pituitary  I»  ipvcn  by  Sioipson,  1914.' 
DtSeronl  Poniooa  of  the  GuuiiL— I'hc  kypopkvuiil  fotlion  <B-hich  hut  •  tinKtun: 
ttMmbting  the  thyroid)  produtc^a  dUtinct  foil  oJbli>o4  |>rc*»uie,  iMUiUy  acoompuiloA 
l>y  accelerallon  and  u'cakmiiiK  of  the  he»rt  {W.  W.  Hamburccr.  10**  «ii<l  iwto),    Tbi* 
Pan  Intffiotdia  aUo  proilutcfi  n  (all  preceded  and  follownl  l>y  ri"*  ll.cwU,  Miller  ii»^3 
Mitllhem.  igii).    The  jutuitaiy  gtand  do«B  not  contain  iodin.  even  uflrr  escitioc  f—^Z. 
the  thyroid  (Simpion  and  Hunter,  tgii).    The  active  principles  appear  vcrj*  c»rly  t  ^^ 
(etftlliJc<McCord,  tgij). 

ACnVS  CONSTITtmKTS 

Tbue  are  soluble  in  water,  are  not  idTccteil  by  boiling  or  by  pa>tic  digcMinn,  but 
eiudly  dotroyod  by  trvpiin,  by  Incipient  puireiicilon  and  by  hydrdytk  acenU  in 
crat  (I)ale.  igio).    Tui»  rxplaiiu  the  ineffioieDcy  ol  oral  aidmlniat ration. 

The  nature  o(  the  active  cooitituentt  ix  still  unknown;  it  u  even  unikddcd  wbttbe^ 
there  i«  but  one,  or  trvrnil.     Schiirftr  and  Hcrrinff.  1406,  bdict'cd  that  the  vatii 
activities  are  due  to  urpaiate  constituents.     Kuehnet,   IQ15.  hi»  iwibtcd  (our  bi 
fraction*,  which  ore  concerned  to  n  VBr>-inxdcgrocinlhcbloodpre9»urc.mpiralaf7ai 
Uterine cRects.    A  o.i  ^rc*iit.  solution  of  tills  niixturels  marketed  as//y^yAy;JH.    T 
doaaiteof  this  solution  u  the  same  as  that  of  the  uiual  to  per  cent,  solutioa  o(  the  frol 
gtnnn.     Bandonta,  iijij,  dIm  cl.iimK  lo  have  inolnied  a  cr>'4talllne  active  principle.     Blost^^ 
«I  the  other  workers  duubt  wlicllier  anyoftheieicullyrepreent  the  active  suMtancct 

Cure  form  (Barner,  "Simpler  NatumJ  Bom:*."  1914,  p.  108),    Thereisaxrowinf  bdid,  -^ 
ut  without  real  evidence,  that  they  arc  rdatnl  to,  but  probably  not  idcnticiJ  with,  ^ 
histamin:  this  is  based  mainly  on  the  memblanceof  Ihdr  actions  ^Fuchner),  and  oa  the 
probnbU  presence  of  hlstidin  in  thegUnd  (Aldrich,  1915).     GugKcnheim,  1015,  luneM* 
a  similarity  to  ucelylcholin.    Crawford  and  Watanabc,  iqtC<,  aim  find  ei'idcncc  «  the 
proonce  01  some  substance  related  to  epincphrin. 

cractn-ATiON 

The  most  conspicuous  cdeci  of  intravenotis  injection  is  a  rise  of  Mood 
pressure  (Oliver  and  Schaefer,  1895;  Howell,  iSg8,  showed  that  the  effect 
i»  conTined  to  the  posu-rior  porliun).  The  ri-«  i»  not  a.i  high,  but  i>  more 
sustained  than  that  of  epincphrin,  lasting  ten  minutes  to  one-half  hour. 
It  is  due  mainly  to  widespread  vasoconstriction,  from  direct  stimulation 
of  the  arterial  muscle.  The  kidney  vessels,  however,  are  passively  dilated 
in  the  intact  animal.  The  heart  is  generaUy  depressed  and  this  produces 
u.tuaUy  »  primar>-  fall  of  pressure  before  it  Is  overcome  by  the  vasocon- 
striction. The  heart  rate  is  usually  slowed,  at  first  from  reflcs  vagtix 
stimulation,  aiul  later  by  direct  cardiac  dettres^ion.  ReptaUd  ittjr<tiont 
o(  large  doses  produce  Ics?  and  less  rise,  antl  finally  a  full. 

Method  of  AdminiBtration.—lntfavenous  or  peritoneal  injectioD  Et 
much  more  cSectivc  and  typical  tlmn  hypodermic  (ranltow,  tijij)  or 
intramuscular;  but  the  last  acts  longer  (Klou,  19:1).  When  given  by 
mouth,  there  is  practically  no  eflecl. 

CardUc  Effects. — In  intact  animals,  these  art  ctrniplicatcd  by  ibe 
interference  of  the  vagus  and  muscular  actions.  The  total  reault  is 
generally  slowing  and  weakening  of  the  bcut. 

RaM.— This  may  be  unchanged  or  even  oulckened,  but  li  alowed  in  moM  caao. 
The  dmriog  is  much  tcu  if  tlie  vaid  have  been  divided,  and  is  due  bufiely  to  slJmulatioa 
ol  the  center  by  the  rJM  o(  blood  preMurc  (Hrco  and  Pluraier.  mij).  Some  s)o«ia( 
occurs  even  after  atropln  and  in  excised  hearts  (Clq^ihorn  >od  otiien)  and  ibia  part 
must  be  atcribcd  to  direct  muscular  deprexiion.  Wendtinio.  iQiji  beheres  that  the 
peripheral  slowini;  li  due  to  EncrtoMd  viiinia  tone;  and  CUude,  Fonk  and  Roaiier, 
IV)  j.  attribute  it  to  slowed  luriculo-ventncular  conduciioo  by  aa  action  on  the  Kit 
bundle. 
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8bW(llL — The  cxcuniooi  of  thu  mercury  manomcttr  ure  incrMS«c1,  but  ttiiii  !s  ilui^ 
duply  to  Ibc  tlowcf  r«te.  Diiocl  cnrdiac  trncingi  show  dccrcoMd  cicursioiu  aod  in^ 
Owted  tooe.  Thne  and  tb«  sloving  tliminuh  the  output.  octuianoUy  with  u  piellmi- 
MfyincKaae  (Wiggtn,  191 1).  Ttivilmruicoccuracvcii  when  Iht  blood  piosu(cn>c«, 
shawiim  *^^  ^^  '^  '>  purely  vwcular.  Tbe  ventricular  efficiency  is  dimlnlthed 
(Winers.  igi6). 

Tbc  pfMMrc  la  the  t*4m>it«ry  ttrtrry  faJIs,  by  wtaLtnlnn  o(  the  right  veaUide 
(Wigsen.  1911)1  tut  it  may  be  unchan^  (Andere»,  ipr;).  Tht  rrin  f'fvtt  b  nol 
■dictod  by  mademtc  doM*;  it  r»ct  vnlh  lArge  dotes  by  cardiac  dilation  (Capp*  and 
Wstthevrft,  i9i<). 

Oft-repealed  Injectiotu  ure  Mid  to  produce  eirdiac  kyptrtrofliy,  irtth  lasting  riM  oi 
praware  (ElientK  .-ind  I'jrUot.  1908). 

BirlMil  HsiaouUiu)  Heart.— This  alM  mcts  witli  derrtMcd  rale  aitd  amplitude 
{fPiCB^n;  McCord,  1911)-     Eini>,  1013.  however,  attributes  thii  to  the  chtorelone  in 
the    MlutioiM;  with  pure  aolutiont  he  dexcrihc*  pninar>-  ilowing  and  v'takening  with 
cubsequeat  qnikJcenlnji  and  increstred  czcunlons. 

Xacuted  nog's  Beivt. — The  excurnont  are  eencrally  increased;  small  dote*  quicken, 


L  Imtkic  dotes  lUow  10  liniil  ttaiuUtHl  (Rinix). 


I  of  Vueular  Action. —1)1 1 ver  and  Schucfer,  and  ftub^equeni  workem.  have 
n  that  Ibe  rise  u(  pre»uic  a  accompanied  by  dinUaished  ors;a[i  volume  (except  ill 
kidneys),  to  that  It  cjn  not  be  caictiac  and  must  be  voxrulor.  T^en^tcdl  and 
klrUa.  1413,  abo  [nuiid  that  the  aortic  blocxl  lluw  decruiKS  with  the  rise  o(  |>m»ure 
(»«»<S  itill  more  in  the  Ul).  The  voMinotor  ccntvr  U  not  .^SecIrd  direcilv:  but  may  be 
iwhftt  dcpfcsted  or  laore  often  moderately  siimulnlcd,  h>'  the  rite  of  blood  nremurc 
i>r  f^stfiln\iyty  enbanaaunoat  (Pilchn  and  Sutlniami.  lyiji  McCoiiI,  191 1}.  The  vjuo* 
m*>  c  a  I  siimuUtioa  nuMt  therefore  be  periidieral;  and  nccormngly  a  rise  of  presmire  occun 
Bitcc-  ibc  cord  hot  btca  cut;  and  nerfuuoa  of  excised  oriians  show*  dilect  constriction 
(KiaacUiieut,  191J).  StKmenls  of  excised  aiterin  and  veins  are  also  constricted  (dn 
^OKklai  and  Susanna).  Unlike  epioephrio,  the  effect  ts  not  abolished  by  crgotoxin,  so 
Ua«t   it  it  probably  directly  on  ttie  arterial  mufcle. 

Application  ot  ntuitary  tolution  to  the  uarified  ikin  produces  a  local  Uanchlag 
(SoUnuuu  anri  l\"lclicr,  I9t^). 

Spadfc  Differences  in  Vc»>el«.~-Thcu;  ire  quite  unlike  thoseof  eplncphrln.  Pitd- 
^^'y  cootracls  tli<-  f\^m.irMry,  ((ttbrid,  aod  coronary  arena  which  are  scarcely  aSected 
»y  epiocphfin.  The  tan^iury  cirailmi^in  is  therefore  tlowed,  itotirithstanding  ibe  rise 
<**  blood  pressure  (MorumtJi  and  Zahn,  igi*). 

When  rinc*  of  surviving  ttriitd  lirlrry  are  expooed  to  the  jHtuitar}*,  Cow,  191 1,  found 
^^^  lotlowing:  The  carolul  and  it«  branches  conclrirtcd.  The  intercostal  and  cerebral 
*no«red  no  respoDM'.  The  fjastricaad  renal  diluteil.  tbc  dilation  o<  the  renal  IncrculnR, 
*Ar  acarcr  the  kidney  the  ring  was  taken.  The  hr|iatic  and  splenic  constricted  near 
*eif  orisin,  but  dilated  oe*r  the  organ.  The  coroniirj-  w**  Mmetimet  constricted, 
•"■tW-limw  rliUtr<i.     The  vrmels  of  troRSate  <lilatrd  (Fruehlich  and  Pick.  iQii)' 

Ranil  (^reulatioi).^Magnus  and  Schsfcr,  1901,  nbtcn'ed  that  the  kidneys  in  intact 
ytjmab  dilate  durinx  the  ri»e  of  prtssute,  whilst  other  orKsni  Kencrnlly  are  contracted, 
^^skldney  ro)uRW(liitiinl8h(Bduiliijt  the  (all.  Halliun  and  Carrion  dcsicribcd  vaaoeon- 
*yvilon  followHl  by  dilation.  Both  eSects  are  probably  mainly  passive;  for  perfusion 
JJ*  ^«iifd  kidiuvt  KcneraDy  prodncct  constriction  (McCord,  191 1),  Mmcttmes  followed 
■V  diUtion.  Tne  ureter  flow  follows  the  volumtxtuve  (Sollinann).  The  larxor  renal 
•n«rici  are  dilalcd  (Ccw). 

phtnsis. — This  occurs  generally  (not  always;  B«co  and  Plumiec,  1913) 

^    itilact  Afumal.t.     v.  Kuii^chcfu;  and  Schuster,  1015,  iind  that  smaJI 

""Wsausc  tcmporarj-  diuresis,  foQowcd  within  ten  minutes  by  diminished 

unxM  flow.    Larger  doses  diminish  tJie  flow  from  the  starL     Injcclion 

(lurinit  ihc  inhibition  again  starts  (huresi&.     Harrion  and  Carrion,  and 

»»«  and  Stoland,  1913.  bcUeve  that  the  ditiresis  occurs  only  during  the 

■^^  vaAodiliiiion :  but  it  does  not  seem  to  bear  u  conntant  relation  to  the 

™*?w  of  blood  pressure  or  kidney  volume,  and  is  therefore  perhaps  a 

uvftt  anion  on  the  renal  celU;  possibly  due  lo  a  distinct  con.4tiiuent 

(Vh»((cr  and  Herring,  1908;  Uoskins  and  Means,  191J).    'ITie  evidence. 

■"Xver,  is  inconclusive.    In   man,   with  ordinary  doies,  the  diuretic 

^•ttose  teems  lo  be  small  and  uncertain ;  the  chlorid  excretion  is  incrca^ 

Vtvf  and  Kumpiess,  1914).     Konschegg  aiid  Sdiuster,  1915,  find  that 
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.— Tte  ne  d<  blood  pmtm 

(VanoMiy  nd  Synet, 

S  Ae h^ftaod  cord  haxr  bmi 

iM  half  to  th»e-Courtlu 

and  (0.06  to  0.1  c.c.  of 

■nj).    Ib  lUs  w*y,  the  Uood 

r  (jhiMhnn,  1912). 

hwrevcf.  becoow  less 
■■<  In*  «fcctivg  i7faw>l.  1S9S)  ami  WKJ  fady  lower  lite  im  nmn 
C5cblfer«Bd  VmceBt,  tqoS].    Tkc  secaadHr  teranr  action  cloe»  not 
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t^KtadorpcriMd. 
aiawPiptwar-— Pfcateryi4«fa»JiciMauiW«fc»cye<dtpreMor»tfaM- 

aad  oeon  «*«a  whES  the  Uoad  praMK  dM>  bm  nr  (Aotr  «wl  Mdtzcr,  tot  j). 

%M>(iHi  aJA  BfiBi|ftllft<— 4Ui  tea  taa  i^ottRl  br  Eqxnair  {Gottlirb.  191  ■). 
TW  plliatafr  riM  b  Mt  dw  to  MJHiltfiBa  «<  tafaMteiK  McrctMB:  (or  ii  is  Doi  EODcUficd 
br  intkM  of  the  adionl  ««mI»  (BoiUn  aad  M^Rk.  i«t3). 

Rta«r  iMI  of  Bbod  PkMBBKi— Tin  k  ondK,  bu  noc  vagal,  (or  ii  ixtnn  after 
Mctioa  «(  ihca*  awn  (Paake*.  tfia).  Tbc  fal  b  mm*  pcoaoaoMd  sith  larxc  dwe* 
(Sdhunn:  Aser  Mid  Mdlxr,  1913).  StUfcr  aad  li'mcat.  1899,  bel«e<r«  that  h  u 
d«r  tr>  *  -iHtinri  HeptcMor  ouiriff  L. 

Ctrenlatorr  EffMti  IB  BMt.— TWm  an  ififfrmt  than  En  i~-i»p.l«,  Tlwtc  b  a 
martol  fail  ot  Uood  prtyiire  by  |*iyhw*l  TModiatioa,  antaaomaed  bjr  epuKphiia  or 
batiun.  TWvcBtriciiltraAda)KKalwcnBtnctbBsaieidMaIatGd(nuM>KndWstaoa, 
1911), 

CUITICAL  DSE  tH  SHOCK  AND  COLLAPSE 

Haameiy  and  Symn  (ouml  cxpoincBtatty  that  th>  pituitary  riM  ot  pRMure  b 
(aortpronouncri  aad  WMlaiwM  it  ttepcewurehjjprcvkiwrijrbeea  lowered,  «a  by  hecttor- 
ThaK«,  traam^lic  *bock,  cholin.  pentonitb,  etc  Blair  fkB,  1911,  dumed  HmElar 
htmtfKui  rnullt  in  patimts.  Tbc  usual  Jn*  (t  c^.  of  tbc  commercial  »o)utioD  —  about 
a. J  Cttn.  of  the  nwiat  gland,  intramoiculailjr}  maj  rHK  the  Uood  pressure  to  to  40  nun. 
for  an  hour,  with  UiihUy  (lowed  bnrt  rate  (Beck  aad  O'Mally,  1909;  Klot*,  1911); 
b«t  Ibe  rtqwme  b  uacvrtaia.  Tbi»  may  ciplda  «hy  tbc  drus  ha»  not  eommsmled 
cMlidciKC.  Til*  dowiBg  nu^l  be  uicfi^  in  cardiac  iireguUritic*  (Wcntdiiiua,  1413). 
Hnrletl,  loif,  bid*  Ifaal  IIk  iotrainuHrular  injection  ot  i.{  c^c.  converts  tbc  dkrotir 
f«brUc  pulx  into  a  noniul  pubc,  with  dindabncd  pabc  voluinc.  but  without  definite 
chifiK*  IB  blood  prtMurc  or  Mood  Boutin,  thenns;  these  clunget  corresponding  to  v«*a- 
coostrktlon.  Uiuccrf.  igii,  believci  that  it  aiajr  beat  Mmcosciii  ^sWMory  A>;iiur- 
rllac  by  depr«Hin|;  the  heart, 

RESPIRATOR7  CENTER 

Thi*  Is  ufTrctcd,  both  <liicctly  ;iiiil  lliriuKti  tlicdrculalotychaoKM.  With  intravt*- 
oaa  injectiun,  I'jukow,  tgit,  describes  n  primnry  attest  during  the  foil  of  pceuure, 
then  nn  incrpaw  and  a  Mcond  fttoppnftc  during  the  riic.  Nice,  Rock  awl  Courtn^t, 
ign,  dcicribc  [he  diaraclerbtic  eitecla  m  primiiry  increase  oi  dn*'''-  foUowed  hjf 
thaliow  and  ttencrally  slow,  but  somctiiacs  quickened  rccparation.    Tociic  diiturbaaoti 
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■et  In  with  the  drculalory  clmnKM.  but  ure  not  jm  Ini^lJnK.     They  tt,U  to  occur  after  ■ 

lew  iojectiODs  have  been  maac     la  (rogs,  lAiiputcA  uiid  fuh,  the  center  i«  par«]yf«tt 

(Hcpnw,  1015). 

Branchial  Muscle  aod  Astluna.— Frochlich  and  Pick,  1013,  Sod  a  fatnl  bfoiKliial 

tpaim  In  guinea  pigs.  This  is  periphcial,  i.f..  preventable  by  alrnpin.  biit  not  by  wction 
[of  va^  It  iK-rurs  jim  in  the  ^u(viving  lung  of  dciid  iinimaU  {Barhr  and  Pick,  1913). 
'  Titon*.  101  J.  ciljsrn'ed  mi  effect  iin  isol.ited  bronchial  muscle. 

Piluiut}'  bits  been  tried  clinically  in  uslhma  ri{roch:tn!t.  I9l])i  but  tlie  i«iu]t»  arc 

BOt  promising.    Lntuti,  1915,  even  icporU  a  pnltcaliu  whom  pittiitaiy  provoked  uth- 

in*i£c  attacks. 

UTERnS 

In  the  body  and  on  the  excised  organ,  even  very  small  doses  of  pituitary 
have  a  marked  augmentary  effect,  and  increases  the  excit-ibility  to 
hjTJogastric  stimulation  (Dale,  1907;  Frankl-llochwart  and  Frochlich, 
1910).  This  occurs  in  all  animals,  pregnant  or  non-pregnant  (Fuehner, 
1913;  Gunn  and  Gunn,  1914).  The  action  has  been  used  for  a  bio-assay 
(Dale  and  Laidlaw,  1912;  Roth,  1914;  U-S.P.  IX). 

Esdsed  Hunuu)  Vtenis, — Lieb,  1914  and  19x5.  reporU  that  the  non-prei;nant  human 
maun  ii  niit  ointraclcd,  and  ni3y  even  be  slightly  dcpmsed,  by  pituitary,  the  con- 

.ttactiMi  rciictiuiis  appearing  fix  u-eek^  uftcr  imprej^naliun  and  persisting  ihruiiKlioul 
mgnaacy.  He  believes  Ihiit  the  change  is  due  to  npftramncc  of  some  substance  that 
cnsiiltes  the  uterus  speciilcaily  (i>  pitiiitarj'.    Tlii*  difference  bctwreu  ptcKnnnt  »nd 

Ikon-prtKnant  uterus  tloci  not  apply  to  hiitamin  n-bich  produoM  contmcltoo  in  both 

TbcM  results  of  LIcb  tnust  l<c  viewed  with  aomo  suspicion.  Gunn,  tgi.t,  deicribci 
eontractioD  response  of  the  ordinary  human  uterus.  The  tubci  did  not  reiponcl  {in 
dUtinction  to  epincphrin,  which  coniriK'i'  both).  Injection  of  pituitary  into  the  ^'r^i 
human  uterus  i»  iifu  ccrluicily  produced  extreme  contrition  (Ctiu'euce  Webator).  Tim 
round  ligament  does  not  resiiond. 

USE  IN  OBSTETRICS 

This  was  introduced  by  Bell,  1909.  Its  ci&cicncy  for  hastening  de- 
liver>'  and  checking  postpartum  hemorrhage  has  been  generally  confirmed 
(abo  in  animals;  Lt-scohier  and  Closson,  191a)-     It  fails  in  some  cases 

|(Boight,  1911).  Exces«ve  doses  arc  dangerous,  the  powerful  contrac- 
tions closing  the  cervix,  pre^-enling  delivery  and  producing  local  necrosis 
(Grumann.  1913),  and  sometimes  even  rupture  of  the  viscus  {Espeut, 
1913;  Zuellig,  191S!  also  T..\.M..\.,  1914,  62:1421).     It  may  al.so  pre- 

[venl  lalxir  if  injected  durmg  the  first  stage  of  labor.  After  this,  and  in 
proper  doses  (i  c.c,  repeated  in  an  hour  if  necessary)  it  is  not  dangerous 
lo  mother  or  child.  Ii  does  not  produce  abortion  before  term,  and  is  most 
effective  when  the  os  begins  to  dilate  (Malinowaky,  1914). 

Qarence  Wcbiier  injects  a  few  drups  ol  pituitary  extract  directly  into  the  uterine 
cniudc,  to  lecurc  a  firm  and  bloodlets  field  for  incision,/-^.  In  CcinTcnn  i^ecttnn, 

URINARY  BLADDER 

The  vesical  tnusde  b  stimulated  and  the  excitability  increased  to 
pelvic,  but  not  to  hypogastric  stimulation  (Fran kl-H(ich wart  and  Froeh- 
licb,  i<)io).  This  has  been  utilized  in  postoperative  paralysis  of  the 
^bladder  (Hoffstattcr,  1911;  Fellenhcrg,  lyii). 

INTESTirreS 

_  These  show  primary  inhibition  of  contractions  through  sympalhelic 

''^ulal^on   central   lo  cpincphrin;   followed   by   increased   contraction 

ugh  stimulation  of  Auerhach'tt  plexus  and  its  postganglionic  fibers 
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(Bayer  and  Peters,  191 1).    The  stimulant  effect  has  been  used  dtiucalli 
in  paralytic  distention  of  the  inlrslinr*,  fspcrially  after  ojKrations  (I 
and  Hick,  igog).     Its  efficiency  is  still  under  judgiBeitt;  Bidwcll,  1911, 
claims  a  limited  usefulness. 

Shikinofl,  1916^  and  Ro&kins,  ■9K),  found  thai  the  intcBtinal  action  vujc*  grMtly  (bJ 
dEITerent  prep&ralioiu,  some  even  leludng,  like  ci^ncpLrin-    "Hypophynn*'  wax  tipaj 
daily  relaxing,  but  cxtrncts  of  fresh  glands  aJui  gave  ihit  rMiiIt.     The  blood-pr 
tcsu  of  lhe«e  preporationfl  gave  Ibe  normni  re^poDU. 

LACTEAL  SECRETION  ' 

Ott  &ncl  Scott,  igio  and  1911,  diKjuverol  u  mitrlfcd  golacliicotue  efiect  in  soots; 
B  nuntier  of  other  gland  extracts,  especially  uf  the  ^xuaJ  sppoiatui,  hod  a  limiUr  hoi 
wc*ktr  aclion.  The  observations  were  coniirmcd  by  Mackenzie,  am)  by  all  bubwiiucst 
worken,  Tlie  Increase  occurs  within  ftf tci-u  iiuuuli;9  after  the  inliavtnoiu  ot  hypodcr> 
miciDJectionibut  Ihcrcisacnn-cspondingdccrcnur  al  the  next  milking,  no  that  the  dafly 
output  oi  milk  is  not  changed  (Ifummoud.  iiji];  Hill  and  Simpson,  1914).  The  fat 
conltnl  is  increased  at  the  first  milking,  without  dccrrajie  at  the  neit.  The  iian-(at| 
&olid?  nrc  not  affected  (Ilill  and  SimiMtnn,  1914).  If  the  injcetioni  aie  repealed  over 
long  prriiid^,  the  effect  Es  lost  (Simpson  mid  Mill,  1915).  No  increase  of  milk  b  wid  to 
occur  in  cows  (Gndin,  tqti)  or  human  (Schacfer.  iijij);  but  Hill  and  Simpson,  1014, 
(oitnd  that  intmmusculnr  injection  of  (  c.c.  of  pituitary  Mlution  in  the  Gftn  month  at 
hum,tn  l*c(Mll'>n  was  followed  by  marked  increase  of  milk  and  fat. 

Mechanism  of  Actioa  on  MiUc — The  fact  that  the  response  <in  goals)  Is  perceptiUe 
within  half  a  miriiile,  as  niso  Ilic  secnndary  derreoM,  tuggat  that  the  incrcate  u  not 
due  to  sccrelivti.  but  merely  lo  ilie  more  com plelc  cxprcwion  of  ttortxl  milkhy  ronlr«c>n 
tionof  the  smooth  muscle  ot  the  k! and  (Simpson  and  Hill.  iqh).    The  increase ol  milk*! 
fat  would  agree  with  thia.     Gainea,   191;   (full  dutcuuiun  of  the  subject),  presralsJ 
manomctric  ei-idence  of  such  contraction  m  lactalins  glands  (non-1u4Slia|  gbKh  d*! 
not  rMpond),    Simpson  and  Hill.  1915,  jKiint  out  thai  barium  does  not  increase  thai 
milk,  although  it  sttmulales  the  muscle  powerfully;  but  this  would  be  couoteraclid  by 
the  intenai;  vasoconstriclion. 

SALIVA 

Intravenous  Injccliiin  into  dogs  iliminiahcs  ihe  How  of  laliva,  partly  by  d< 
blood  lluiv,  partly  by  iliiect  depression  of  sccieliun.     The  response  to  pitocatpjs  is  1 
diminished  (Solcm  and  Lommcn,  191 ;). 

PANCREATIC  SECRETION 

This  is  decreased  (Pembertoa  and  Swceil.  through  vatMonsiriclkin  (Bdmonds) 

CEREBROSPINAL  FLUID 

Pituitary  affects  the  prr^ure  merely  tbrouith  Its  ciiculatory  changes  (IMxon  aail 
Halliburton,  igij  and  1914)- 

POPILS 

These  are  not  affected  in  normal  animals;  but  acconjing  lo  Ott  and  Scott,  i( 
they  are  dilated  after  removal  u(  the  superior  cervical  ganglion  (pefhapsbyscnntixatkdtj 
lo  cpinephriu).  Mellxer  and  Auei,  1913.  found  different  results,  diluiioD  in  frcn,  ooifA 
striction  after  removal  of  the  ganglion  (ovao',  thymus,  and  mammar}'  have  no  effect  en\ 
the  pupil). 

TOXIC  EFFECTS 

The  toxic  side  actions  are  described  by  Seifcrc,  Ncbeawiik,,  i9i5<P- >^-  Eateaivc 
tnd  long-continued  do&cs  are  said  to  produce  alaiic  and  motor  iyraplams.  CBHttttion 
and  disturbance!  olcurAi]/ty(fpiifi?MrfiiMiJ>'i.  Weed,  Cushingandjacolnon.  tgij.  believv 
that  this  is  inOuenced  by  the  posterior  lol)e.  Injections  oipiiuilar^'  ktwer  the  asumi* 
lation  Umm  for  carbohydrates,  and  cause  KlycuKeoolysis  and  glycosuria.  Slimabiicm 
c/the  hypophysis  in  dogs  produces  hyperglycemia,  even  when  proper  precsulioas  araj 
liken  against  asphyna.nei^boring  structures,  ct£.  No  result  U  obtained  after  section 
of  the  spknchnics  (Keeton  and  Becht,  1915). 
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STAHSARDIZATIOIT 

Some  exlracU  arc  sevca  or  ti;i{l)t  times  S'^  ^tlvc  m  oXhen,  In  v]c*oi  Ihr  powerful 
v0«cu.  ihff  tboiilil  therefon  be  itUndkriud.  Variou*  method*  luvc  been  proposed. 
"Xtx  blood-preaMre  eaeibod  (Ham(ltoo),  alihoiigli  M»lcr,  Ii  not  aa  reliable  u  ilie  u»e  of 
ctoas  ficbcd  utenu  (tecfaDic  described  by  Roth,  1914^  and  U.S. P.  DC). 

PREPARATIONS— PmrrrARY 

Byfafkysit  titt^  U.S.P.;  Dcaicentod  Uypophysu.— The  poslerEot  lobe  oJ  Uic  pitui- 
body  of  Ibc  ox,  cleaned,  dricj.  and  powdered.    Dvsf,  a.03  Urn.,  H  Kf-i  l'''S.P. 


•Itf.  llyft'fMyiU.  U.S.P.;  Solution  of  Hypophysw  [PiiiitUry  Solution).— Prepared 
t»>^   ^Sitnttins  ibe  (re»h  posterior  lobe  o(  bovine  fuluitary  with  %Hghlly  nciduUted  water, 
b^ili^,  fntering  and  iteriltdng.    Standard!^  on  excised  utcrui  againiit  hiitamin. 
M     OxM-xt.  I  c.c,  15  tnuiimt,  U.S.P.,  hypodermic. 

B  ANIBRIOR  HTUTTART  LOBE 

^^  TKLi  has  Important  rcUtioat  lo  metabolism,  growth,  and  sexual  ile- 

^/^lopmeni.  rofti/  raitoval  is  followed  by  death  in  a  :>hort  time  (Paulesoo, 
XQ«^7;  RefordandCushinx,  i<)0(>;  Crowe,  Cushing &  Homaiis.  1910.  Par- 
li^*J    rttiwtol  or  liisfiit  \i:nAi  to  retarded  growth  or  infantilism,  obesity,  and 

■oLh^r  nutritional  derangements.  Uyperacihntv  (as  inacromeply ;  P.  Marie, 
>886}  ii  characterized  by  accelerated  and  aunormal  growth  (gijiiantism). 
M'etding  0/  the  anterior  lobe,  fresh  or  dried,  produces  different  effects  be- 
gone am]  after  adolescence.  In  the  pre-adolescent  period,  it  retard*  growth 
(,as  j  udgcd  by  weight  and  length  of  bones),  but  stimulates  sexual  dcvelop- 
nactit.  In  fult^'-grown  animaJs,  it  accelerates  growth,  including  the  rc- 
P*»cetDent  of  {issu*  lost  by  inanition;  the  healing  of  granulating  wounds, 
etc     T.  B.  Robertson,  1916,  has  pre|>ared  an  active  principle,  "  Teihelin." 

-  1^  expeiimcniul  leiulLi  are  often  rather  confuHng;  nrobtibly  brciiusc  the  edccU 
wpead  to  much  on  ihc  *tate  of  growlb,  and  perhaiM  on  otntr  condition*.  The  follow. 
•^K  authors  nxiy  be  consulted: 

laoUtion  of  Tetbdln  and  effects  em  nioe:  T.  B.  Robertaon,  tpirt. 
Rats:  Coetwh.  1916  (exceuiw  dooea  produce  digestive  itnd  nutriiion«l  dismrt^ 
*^C«s:  and  if  ibe  ponterior  lobe  i*  alao  fed,  nervous  derangements). 

Clikki  and  tzg  production:  S.  S.  Maxwell,  iqiA;  I..  N,  Claik,  1915;  Pearl  and 
Marlace. 

.,_  TlnCTpentie  DfM. — Thete  ore  in  the  cipcrimcotnl  itogc.  The  adnuiuttratioo  of 
1^*  dried  anterioe  lobe  (o^oj  100.15  Gva..  1  I04  gr,,  in  powder  or  tablets)  hot  giir>cn  some 
J*^«nble  reaulta  in  Uie  later  atngrs  of  acTomcRnlv:  in  d>ilrnphia  ndipiMO-iieniUdiai  and 
^  Cotiia  CUGl  o(  obciity.     Il  h  rootraindicale'I  !n  early  sid^oi  of  acromcE*ly- 
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Genenl  Statement— The  administration  of  thyroid  glaod  is  highly 

'**cmBful   in   combatting    Ihc  phenomena  of  thyroid  deficiency — myx> 

***«ins,  cretinbm,  etc. — whether  the  dcfidcnc>'  be  congenital  or  acquired 

^'y  <IiM:a9C  or  operations.    Tlie  benefit  per^sts  practically  only  so  long  as 

■^S  ^ministration  is  continued.     Metabolism  is  increased  also  in  normal 

^^^^viduals,  first  the  nitrogen,  then  fats.     Thyroid  is  therefore  used  against 

***e»ily.     However,  it  is  a  dangerous  remedy,  excessive  doses  causing 

•^Tvow  symptoms.    Thyroid   administration   alters   the  susceptibility 

^  certain  poisons,     .\cutc  eSects  arc  slight  and  inconstant,  even  on  intra- 

"WoiB  injection. 

.  The  activity  resides  in  the  colloid  material  of  the  gland,  and  is  propor- 

t>*>ial  u>  ils  iodiii  content. 

Aetfftt  Constituents,-  Thyroid  glands  conuin  a  relatively  large  pro- 
P'fion  of  iodin.  The  besttnown  actions  of  lliyroid  preparations^ the 
■^"•spcutic  efficienc>',  increased  nitrogen  excrelion,  acctonilrilc  tcsl,  etc. — 
Vt  {nrallel  to  their  iodin  content  (Marine,  1913).    The»e  effects  arc  not 
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produced  liy  inorganic  and  most  organic  iodin  compounds,  not  evra  by 
iodised  proidns  (except  after  ihey  are  assimilated  by  the  th>Toid),  The 
aclivT  principle  must  therefore  Ix?  u  characteristic  organic  iodin  compound, 
contained  in  the  colloid  globulin,  " Ihyreoglobin"  (Oswald,  1899,  1908  and 

lOot)). 

The  iodin  conlrnl  of  this  nlobuHn  vsrlct  from  o  to  i-j  p«  ccaii.  ar  more;  uMutlly 
about  0..15  per  cent.,  thi^  physiulujiit;  activity  bting  proportJotiBl  to  th*  pm^ntaicc  of 
ioiiin.  Howpvrr.  g!nnd»  which  nre  prttclicnllydcvoKTot  iodin  slUI  VKhibil  a  vn}-«U^t 
activity.  An  indin-ftoc  ihytcoglobulln  is  alio  found  in  ihyroids  which  mnliun  no  mI- 
loid.  Oswald,  tli<:n-forf,  sugg*?sl&  thai  two  glubulini  occur  in  the  glandi  diffcrinfc  aoljr 
by  the  prciEDCC  of  iodin,  >nd  not  scpntnhic  by  rcaRcnln.     The  alternative^  that  tbc  Mine 

[inilcin  mny  tnkc  ui>  dllTcrcni  (iroiKirtluns  of  iodin  (rtudcly  aoalocaiu  to  oxygen  and 
icmoelobiti)  has  at  least  equal  probability  (Hunt,  i^;).  Bunt.  ioii,app*an  lo  coii- 
^idrr  (hat  thetc  U  but  a  single  iodized  protcia,  since  the  aclintyix  in  smpw  ratio  to  tbe 
iodin  content. 

The  iodbrd  lh>TeoKlobulin  has  bvcu  further (raclionat«l.  F.  C.  Koch,  toil,  findl 
that  the  full  activity  is  contained  in  the  melaprotein  fraction  of  the  thyteoclobuun;  the 
n'mpler  dcavagc  products  showing  le*.'  and  1cm  actJWty  per  unit  of  thyroid.  Mck  and 
Pincles,  iQog,  also  claim  tliat  cumptctrly  diecstcij  thyroid  is  less  efficient  in  myxedtim. 
Both  itatements  appear  to  conflict  with  the  uoivcrsol  cxpetience  that  oral  adiniDistn- 
tion  it  cScctivc.  although  it  may  be  luuumcd  litat  comnletc  cleavage  occurs  before  Ibe 
tissues  arc  reached.  Fawceit,  itccbv.  el  J..  I'jis,  iinci  an  onianlr  Iodin  compooail  in 
extracts  treed  from  nucteuproIrin=,  glubulin.i  and  other  eoni;u1able  proteins.  Bccfae. 
tgii,  recommendt  aspeciniglobulin  preparation  u  the  bearer  of  the  therapeutic actloM^ 
and  as  devoid  of  undesirable  and  toxic  loducd  protein.    His  cloimf  have  not  yet  beta 

Kendall,  ipii  and  igij.  claims  to  have  srparated  two  iodin  subitaoca  of  distinct 
octinns;  a  cr^-stnUine  compound  producing  the  "toxic"  cfTeclE'.ond  an  uniHitatcd  sub- 
stance responsible  for  the  thrraprulic  actions.  Wil-ion  and  Kendall.  IQ16,  find  ilul  ibc 
quantity  uf  the  toxic  Iodin  compound  varies  with  the  total  iwtin  content  of  the  jtfaadi. 

Il  11  noteworthy  that  orgnnjc  iodin  compound=  can  not  be  dcmonitrated  in  any  other 
majDinnlinn  titsues  Ihnn  the  thyioid  (UIujti  and  Grueltoer.  1014). 

Thyroid  also  containi  iiucke-froUim.  mainly  in  the  nuclei,  and  therefore  in  inverse 
ratio  to  the  colloid  (Becbc,  too?). 

lodothyrin. — This  Is  a  cleavage  product  j^rqiarcd  by  tiaumann,  18Q6,  contaIda( 
from  4.S  to  15.^  per  cent,  of  io<lin  (Oswald;  Koch.  1903).  It  does  not  nfv-e  the  protein 
reactions,  and  is  very  tcti«tant  to  hcnt  and  reagents.  liaumann  and  Roos,  1S96,  and 
Hildctirandl,  \Hqfi,  claime<l  that  it  h.is  the  lbi-mpcul!c  actions  of  thyrald;  but  tamX 
later  observer;  have  obtained  rather  ticKativcrcvulls.  The  com  mercial  product  CootaiM 
much  les5  iodin  (as  Ultle  as  0.014  pet  ccnL;  Hunt  and  Seidell,  igio),  somettines  in  looM 
combinations. 

Iodin  Content  of  the  Glands. — This  averages  about  0,1s  loo,]  per  cent,  for  dry,  and 
o.oj  to  0,06  per  cent,  for  moist  glands.  (The  average  percentage  for  moist  EbuMLi  is 
given  by  Aldnch.  igij.  as  0.015  for  sheep;  0.036  for  beef;  0.047  for  hogs.)  It  i»  ntbicct 
to  great  variations,  parliculnrly  in  toiltr.  In  hyperpliuiic  goiters,  the  perccDtB,gc  and 
total  ioiiin  ate  both  grratly  diminished,  ptofiortional  10  the  hbloloipc  diangn,  la 
colloid  goiters  the  percentage  H  diminii^hoi  loa  \cv>  degree  (Marine  and  nllliams.  1008). 
Iodin  i5«iid  to  be  abwnl  in  wild  cnmivorous  animals,  and  sometime*  in  domestic  (RotM, 
1809).  but  this  must  be  rare.  Contrary  to  older  datemenlt,  Fengel.  loii  and  iglj, 
found  it  In  thc/Wii«  of  domestic  animals  long  bcfori;  birth.  Its  asserted  absence  IroiB 
the  human  fetus  therefore  seems  to  require  further  conl'irmation. 

The  iodin  undergoes  marked  seasonal  variation!,  the  percentage  being  three  tinrs 

SreatcT  (with  smaller  glands)  in  Tunc  lo  Ntivcmbrr,  Ihan  in  Dcccmbrr  to  May.  Il 
iminishcH  gra^Iually  from  about  beptemhcr  till  March  or  April,  and  then  Increases 
abruptly  until  September.  The  changes  appear  to  be  connected  mainly  with  the 
prevailing  temperature;  although  diet  and  the  reproductive  seau>n  are  not  definitely 
excluded  (Seidell  .and  Fenger,  iqij  and  1014).  The  imiio  l«  «!*>  dcfJcaicil  by  ulau- 
latioDof  the  ncrtes  going  to  the  gland  (Kahc.  Rogers,  Kawcett  and  Becbe,  1914),  but 
this  is  due  simply  to  Viisoconstriction  {Watt».  1915). 

Effect  of  Administration  of  Iodin  Compounds. — Th«sc,  whether  inor- 
ganic, or  orgjinic,  materially  incrrcasc  llic  Iodin  content  of  the  gland,  with 
corresponding  increase  of  its  activity,  and  charactcri&tic  anatomic  changes 
(involution  of  hyperplasia  (Marine)).    The  selective  affinity  of  the  ihy- 
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roi<I>b  very  high,  relative  to  the  other  tissues  (Marino,  1915),  Hunt,  1907, 
jxaint*  out  that  piui  of  ihe  pharmacologic  action  of  ordinary  lodida  may  be 
exfjiained  by  their  conversion  into  lh)Toid  secretion;  and  this  is  obviously 
if  efifect  in  thyroid  diiease. 


tr 
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IVken  iodia  compounds  urv  fed,  lodia  U  taken  tip  by  the  thyroid  liraue  to  the  point 
of  »At«ralio«i,  which  averages  about  5  to  6  mg.  o(  iodiD  prr  gram  of  dried  thyioid.  The 
jtclectin  afEaily  b  so  slronK  that  u  high  lu  1A.5  per  cent,  of  a  given  intake  (ami)  ol 
locllnmtrecovered  from  a  thyroid  whose  »tbti>  the  body  weight  iru  1:697  (Marine, 
10  «  5). 

^he  iodUi  content  can  alv>  be  Incrtued  by  the  injectioD  of  blood  of  hjpcrthj-rold, 
Ki»«l   dtCTea*ed  by  Iliat  at  Ihyiuidectomiwd  animals  (Jones  and  Taliun,  1913). 

^^ufurion  of  Dnrroid.— FmhU-  exdied  thyroid  tdkn  up  and  fixes  potasuuui  iodid 
Iromi  ih*  perluhKio  fluid.  rirc^umiiWy  inftiiotxncicfi>rm,w>thal  it  CAn  not  be  waibcdoul 
by  Kinnt'i  suJulion.  The  amount  fixed  is  independent  of  the  iodid  cuncentralion  of 
the:  pmiuion  fluid,  but  is  larger  for  hyi>crpbulLi.-  than  for  eoltoid  gUnds,  and  is  about 
cquM.)  to  llir  amount  fix«l  b  the  living  nnimnl.  m  the  umc  time  (an  hour),  with  Intn- 
ver><«i(s  inii-ctioa.  In  neither  case  don  the  ioilln  absurbvd  by  tiie  thyrola  produce  ttie 
*p«<:tfic  eSect  on  tadpolcn:  >o  that  a  [iiilher  eluboration  in  the  gland  it  DCoeMuy. 
.  ActJv)iyU»C(iuircd  in  livinganimaU  within  thirty-nx  houm.  The  iodin  fixation  of  per^ 
I'usioi)  i)oe*  iMt  occur  when  Ihe  xiaad  booomes  dJ(orgnniz«rt  by  nulolysls;  nor  doca  It 
f  occur  on  perfuiing  other  organs  ihim  the  thyroid  (Marine  and  Fi-iss,  igis). 

^  Tfe7TD*d  DeflcwDqr, — Ci>mplctc  excifiion  of  the  thj-roid  appamtui  (Cachexia  sttumi' 

Eri  va  I  <dmes  a  icries  of  acute  cflcetf,  motor,  nervous  and  loetabollc,  which  arc  more  or 
*«  rapidly  fatal  in  most  animals,  e»i>eclally  in  caraivorx.  (These  rnults  were  fint 
«te« CI ibed  by  Schig.  iSjC;  Reverdtn,  j88i;  and  especiaUy  Rocker,  iSSj;  the  literature  i* 
J**Wwfd  by  Vincent,  191 1.)  If  the  parathyroids  on  spared,  the  motor  tymptoms  and 
•  aialiiy  an  much  Icm;  aod  the  melaboilc  disturbance,  ibouKh  no  Im  aevere,  runs  a 
^Mrv  chrome  caar*e.  In  nun,  thyroid  defidcocy  when  occurring  in  adults,  results  in 
■"VXMjeiM,  with  the  cooipicuflui  skin  changes  and  nervous  disturbance*  ending  in 
mcntjtl  dctcriomion.     Congenllol  deficiency  produces  the  condition  of  Crriinism. 

Bxpcrimmtal  Cretinism. — Complete  thyroidectomy  In  >-oung  nibbili  I5  vild  to  be 
™*'"w«l  by  typical  cretin  phenomena,  such  in  dry,  rough  hair,  teiarrtcd  Sfwh,  ikin 
ctun);rt,  etc.  Thise  arc  perfectly  controlled  by  IredinK  drir.1  Ihi  diiil  or  lt->  vlenvage 
iwurlufti  if  the  hydrolysis  kas  not  Ronc  loo  far,  Kendull's  "li"  rampuiind  waj  in- 
*^cctivt;  so  wM  iranstunon  of  normal  bloodi  whereas  the  tcrum  of  tbyioid-fcd  animals 
"u  nwdcraldy  efficient  (H.  R.  Rasiager,  1916). 

TtMitpeutk  Results  rf  Thyroid  Peedhig. — The  dc6cicncy  symptoms 
***  more  or  less  completely  relieved  by  the  administration  of  tliyroid  by 
•South  0^owit2,  Mackcnziv,  Fox,  1893),  a.s  well  as  by  intravenous  injcc- 
^ioo  (Cola,  18S4;  ilurrcj',  1891),  or  by  implatitation  of  thyroid  tissue 
(Scbiff.  18&1). 

AdodiliSlnitioiL — The  dried  glan<t  is  the  most  convenient  form,  cither 
»»^(»owdeT  or  tablets.  The  latter  ordinarily  contain  o.ii  Cm.,  2  gr.  of 
j^^i  iiland.  I'he  treatment  must  be  practically  continuous,  but  over- 
"*e»  must  be  avoided. 

1'  «aa}r  be  begun  with  0.15  Gm.  per  daj-.  increasinK  by  this  amount  every  few  da)-* 
'**,nuunttum  of  0.1$  Gm..  4  gr.,  three  time*  dnil}',  best  on  on  empty  utomocli.  If 
'^c  *'  tffcicis  aofiear,  the  dosafic  must  be  irmporjirkly  reduced.  When  the  full  ibcra- 
j^jic  «etioa  ha*  been  reached,  tbo  do»c  may  be  reduotd  to  o.;  Gro.,  7!^  gr.  daily,  and 
'*''  c^'cry  seoond  day  for  a  month.  The  nlmioislration  may  then  tic  intermitted  for 
■  time  «im|  resumed  in  a  Hmllar  wny  uhra  the  indications  aaaln  t,rif^:.  It  ii  claimed 
'■^^  v'^wnlc  (to  to  I J  dro|Mol  Kovlcr's  Solution  daily)  increases  the  tolerance. 

t^«rdosage. — This  is  denoted  by  drculator>',  nervous,  digestive,  and 
racta.l>oiic  disturbances,  resembling  superficially  those  o(  Graves'  disease. 

^y«MMu. — Tliese  >i«  p^lptUiStjn;  rapid  and  often  Irrecular  pulse;  vascular  can|De»> 
tlMS;     lltodachie  and  mutcic  palm;  treman  of  extremities;  nervousness;  iniaiMMM; 
W"Uai;di«*JW(iM,'irrilationsi^ikin;hypcrpyreiin.     Polyphagia,  or  loss  of  appetite, 
>.  reofiinc  and  tftarrAoi. 


SomMlmtn  albuminuria  and  RiyooHiria.    Scotoma  haa 

k***  wciibed  (Snydacher,  loti).    In  ftlat  cans,  unconiroilnbte  vomiliiig,  ooUapia 
jM<««a.    Cretins  arc  tud  to  be  moee  susceptible  to  the  toxic  effects  (BuJogcr,  1916). 
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Biperimeatal  Adminigtntian.— This  produces  similar  cflccu,  but  Uic  robtaiw* 

varies  j;r<'ail.v  iti'litlctentankiiMU,  car&lvorw  bcini;  Ins  siiKCptiUe.  The  mort  cocwtaiU 
fcalure^  utc  cmaciution,  castrocnlrriUs  oihI  dinrrhcn;  hut  no  todiycftnSi,  RCrvousncM 
or  cxophtliiiimos.  DchiIi  may  wcur  wiiii  convulsanl  or  d»>rmanl  symptoms  Frnh, 
dried,  or  5 Uk' glands  produce  the  Jamc  cITrct  (Carlson,  Rook*  ind  McKic,  191  >;  Froidi. 
191 1).  H>'pertr(iphic  ihyroid  is  less  toxic  than  normal, In  sccordoncc  with  lu  lower  lodin 
content  (Stolaud,  191}}. 

t'ludrrnnlsch,  1015.  found  Ihnt  smiil!  dose*  fed  to  rat*  trnd  to  prevent  coaccp(io4i. 
If  prc^nnncy  occurs,  the  young  either  nlmit,  «r  die  early,  or  srow  Iru  than  normtlt. 
The  dolrinir-ntiil  results  art  the  Mime  whether  the  feeillnjc  has  omi  to  the  mothrr  vt 
lather  alone. 

"ExperimentBlHyperthjrTDidisin." — Cannon.  ItiriRerand  Fiiz,  1015  »ml  19K1,  aimed 
to  prodme  llils  condiliuli  hy  luMon  nf  ihe  plircjilc  with  iht  tcivital  9)  mgulhetic  nrnc, 
behcving  that  this  would  icsull  in  continued  slimuhiiion  of  the  jj*mpothetic  »trxKlur», 
including  the  thyroid.  The  c.tls  showed  tachycArdii>  (to  iC>o),  dinrrhea.  fallinK  of  hiir, 
sclcruJcrma,  pruritus,  ucitable  temper,  greatly  incrnued  melaboliun.  enlarged  p«p3l, 
exophthalmos  and  hypertrophy  of  the  adrenal  glnndt.  Removal  of  the  ihj-roid  on  tke 
fuwdsidciirreais  the  itt ogress  ol  the  di'tiKhances.Hnd  restorer  the  melatMlbm  tononsiL 
The  interpretation  cif  Ihc  results  recguiiei  further  invati^tion.  Tloell,  iQt6.  MalM 
Uut  he  wns  unable  to  obtain  Cannon's  results. 

lanervation  of  Thyr(Hd. — T)ie  gi;tn<l  h  abuniliinlly  supplied  with  non-mednllaled 
fibers.  prc)biibly  derived  from  the  cervic;i!  symputhetic,  and  jcoing  lo  the  cclb  u  well 
as  to  the  hinod  vessels.  An  action-current  dc>'clopt  in  the  alnnd  an  stimulalion  ot  the 
sympathetic,  high  in  the  thora.i,  even  when  the  su|>crior  and  r«currenl  laiynccab  hav« 
beencuL  Vagusstimulatioaorpilocarpin  does  not  Kcucraletheaciion-current  (Cannon 
and  Cnttell,  1016). 

On  the  other  hand,  autogrults  of  thymiil  show  evidence  of  srowth  »imI  fuoctioo,  ao 
that  the  ncri-ous  connections  are  not  indi5[jcnsahle  (Manlcy  and  Marine,  1916). 

SensitizatioQ  to  Atitonomic  StimuUitioo. — Injection  of  thyroid,  or  in- 
creased secretion  securer!  by  stimulalion  of  the  superior  lar>'nKeal  nerve, 
docs  not  produce  any  characteristic  autonomic  stimulation  directly;  bat 
it  increases  the  response  to  epincphrin,  splanchnic,  v.ogu.s  and  depressor 
stimulation  (Asher  and  Flack,  iqio;  Ashcr  and  Rodt,  1912).  Complete 
excision  of  the  thyroid-parathyroid  apparatus  lowen  the  vapia  excita- 
bility (Coronedi,  1913). 

Bplneplirin  on  Thyroid  Secretion. — Injection  of  epinephrin,  o.oot  lo  0-001  mc., 
evokes  iin  action -current  in  the  thyroid.  The  same  result  follows  stimolatkiD  of  the 
cut  Hplanchnic;  but  it  is  ubHeiit  if  the  adrenal  blood  it  prevented  from  reaching  the  circu- 
lation (Cannon  and  ('altell,  1916). 

Intravenous  Injections. — This  produces  fall  of  blood  pressure  and  slowing  oJ  the 
heart,  probably  due  to  its  eholin  content  [lAihmann;  Fucclh  and  Schwan,  1908; 
Fucrth.  :90Q*  Schoenborn,  1009).  I'rr^su re  juice  produces  little  eDeei  bid^aodcau, 
but  marked  cnllnp'^c  in  rabbits  IColdvicil.  iqi :).  These  eflects  ue  not  spenfa  but  du« 
to  proteins,  cuibolism.  etc.  bltuiklord  and  Sanford,  1913,  claim  that  the  praKurc  fall 
is  much  mure  marked  with  extracts  from  toxic  goiter;  and  that  Ibeseraotwch  p«tleKU 
tlia  produce  marked  cardiovascular  deptesMon.  These  claims  atrut  conCrnutioa. 
Fawcett,  Rogere.  Rahe  and  Becbe,  loiSi  find  that  the  coagulablc  portion*  of  thyrowt 
extracts  (which  contain  most  of  the  iodiu)  have  no  cDecl  00  blood  preuurt.  The  (all 
is  confined  to  intravenous  injection  of  the  non-couguUble  portion,  and  ba*  no  relation 
to  (lie  lodtn  content.  Jt  therefore  appears  unconnected  with  the  specific  coastitocBU 
of  thyroid  (they  also  review  the  contradictory  literature). 

Stitition  of  Crrrbro-tpinal  Fluid, — ThLi  is  said  to  be  inhibited  by  thjrroid  and  i»» 
CresiBed  by  brain  extract,  independent  of  bIoo<l-urc»*i ire  changes.  Other  organ  czuact* 
Kt  only  mechanically,  Ihrough  the  circulation  (Frajutr  and  Pe«t,  1915). 

Thyroid  in  Exophthalmic  and  Other  Goiters. — ^Thc  administration  of 
thyroid  is  often  bt-ndkial  in  goilcr;  but  the  active  "toxic"  stages  are 
especially  susceptible  to  the  toxic  effects  of  thyroid,  so  thai  only  \-ciy 
small  doses  should  be  used.  The  name  effects  can  be  produced  by  iodids, 
which  are  elaborated  inlo  the  active  substance  by  the  thyroid  of  the 
patient.     Caution  should  thcrefort:  be  u»ed  in  prescribing  iodin  compounds 
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in  goiter,  especially  where  nervous  symploiDS  exisl  (0»waid,  1915;  history; 
description  of  symptoms  and  cases), 

XaliiTt  tj  Cflffcr.— Analoraitally,  this  may  canaisi  in  ovenrowtli  of  the  e^^tbelium 
(hypcrplnuoj,  ax  of  the  colloid.  The  invntt^iioiM  of  Marine,  igo;  to  :qi3,  indicate 
tliat  IliT  lir^t  chiinjie  Lt  hyi>erpla!tic,  Ihc  cpithclluni  prolifcratbg  to  mwl  »omt  physio- 
Iqgic  ilclicicncici,  such  m  sn  inadcaunte  AUpply  of  iodln;  nrcipcrimcn tally  the  cicision 
ol  a  pari  of  \\k  kUhU.  When  thi'  JefirLirncy  is  met./.i..  by  the  adminulnitiun  of  iodin, 
the  glanduUr  changes  fcvcit  into  the  colloid  l>'pc-  Transplanted  ihvrold  tiisue  re&CtS 
In  exactly  the  tinie  way,  by  hyperplasia  or  in*'<'Itiii('ii.  to  tcnioval  <i(  thyroid  tissue  Ot 
iodin;  so  that  the  changes  ore  evidently  indcpendrut  of  the  nerve  supply  (Mankjr  and 
Marine.  loi;). 

The  relation  of  these  changes  to  the  "Icxic"  tymUoms  of  Basedow's  dlstasa  is  not 
imdentond;  for  the  syinptoms  do  not  occur  typically  in  animalj.  It  is  commonly 
•Mumed  that  these  "toxic"  symptoms  arc  due  to  eiccNdvc  or  pcn'crtcd  ncciction  nf  the 
Ibyroid  (hypertbyTuidism,  dy^thyioidismL  The  evidence  fcrr  thii  theory  is  not  cdd- 
dutivc,  for  II  b  based  mainly  on  the  irsemblnnce  of  the  clinical  nervoui  lymptomt 
tOthoMotthyroid  feedinK'.anilonihchenclicia!  rtsult«of  parli.tl  Ihyroideclomy.  These 
■lay  hare  other  explanations,  and  urc  opposed  by  ihtfact  that  improvement  also  folloivs 
the  iiradtiated  adininiit ration  of  iodid.  (nlackfoid  and  Sanford.  iqij,  aiacrt  the  pret- 
ence of  s  powerful  depressor  substance  in  the  blood  and  thyroids  of  Basedow  pallcDts.) 

AntUkyroid  Strums."T\\e?ie  were  introduced  oti  the  hyperthyroidism 
theory  of  Craves'  disease  as  substitutes  for  operative  removal,  but  had 
only  a  short  populnrity. 

On  the  theory  that  Basedow's  disease  consists  in  a  thyroid  intoxication.  Ballet  and 
Enrkiucx  (18(14)  atleniptcd  tt»  ttcnlmcnt  by  the  admtnUtratinn  of  lhc«cnim  of  thyroi- 
dectofniccd  dogk,mppoidna  that  these  produced  subtiUnci'S  untajconislic  to  tiiytold  lecrc- 
tioiw.  Iklochius  Scrum,  Kodagen  and  Thyroidectin  arc  prepared  on  thii  piinciple, 
ernerally  from  sheep.  Their  oral  adniinistratlon  sometimes  has  a  palliHtive  cllvd  on 
the  nervou.1  lymptomi  in  mild  caies,  but  probably  no  more  than  simple  reit  and  diet. 
Bwb«,  1006 and  igi^.inuoduci-d  a  cytolytic  scrum.  Eocouragi rig  results  were  reported 
at  firat.  Init  these  rcporti  have  ticcome  leu  frequent- 
Increased  MetaboUsm. — ^This  is  one  of  the  most  constant  effects  of 
thyroid  administration,  occurring  in  normal  animals,  but  much  more 
marked  in  the  low  mciabolism  of  thjToid  deficiency  (MaRiius-Levy,  1897; 
UuBoia,  IQ14.  The  heat  production  in  Baseilow's  disease  is  also  much 
above  the  normal).  The  metabolic  effects  of  thyroid  administration  arc 
showT)  by  increased  e.tcrelion  of  nitrogen  (Ord  and  WItitc,  1893; 
Mendel,  1S03),  and  carbon  dioxid  and  increased  consumption  of  oxygen; 
with  improvement  of  appetite  and  rapid  loss  of  weight  (Leichtenstern, 
1893).  The  first  effect  is  on  fat,  the  proteins  being  drawn  upon  when  the 
fat  nas  been  reduced  to  a  certain  minimum.  On  a  meat-free  diet,  the 
nitrogen  increase  concerns  especially  llie  urea,  ammonia  and  creatin, 
whilst  the  uric  acid  and  creatinin  are  very  little  changed  (Krauseand 
Cramer,  1911). 

Studiiiuky  and  Kaminsky,  1915,  state  that  thyroid  ad miniit ration  increnset  the 
ttnte  eicieiion  in  hypo-lhyroidisra, liul  not  in  norma.1  subjects, 

Cvbohydrate  MetabollMn. — This  is  prodably  not  infiuenced  direcdy  by  the  thyroids 

(Uacleodf;  although  ii  is  cloimcil  that  Ihyroidectomi/ed  animals  do  not  utilize  sugar 

00  parenteral  odimnistralloTi  as  well  as  normal   u^nimuU  (L'nilcrtiill  nnd  Sniki,  ly^); 

I  uid  that  tliey  do  not  react  with  glycosuria  to  some  of  the  procedures  which  arc  ordinarily 

effective  {King,  1900). 

Increaiwd  HMabollam  bi  Basedow's  Disease. — Du  Bois,  1916,  considers  tliis  the 
moat  definite  feature  of  the  disciise.  Heat  production  ii  ;o  per  cent,  above  the  normal 
in  icvere,  and  75  per  cent,  in  very  severe  casc^.  '\'\w  rv  c--.-.ivr  heat  production  atcounts 
largely  for  the  tachycardia,  cardiac  cnlirKemciiI,  cmaLiation  and  mctilnl  irrltabilily. 

This  feature  also  thrown  light  i>n  the  etliciency  of  ireatmeni :  Rcit  in  bed  for  a  wc«k 
cUnainishet  the  excessive  heat  production  by  10  |>cr  ccat.  or  morc)  pfiychothetapy  was 
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•1*0  of  some  vftlue.  Xcgnlivc  [rf,u1tii  were  obiatned  inlh  thyToidcctin.  X-ny,  tbimnil 
"iwidae,"  ergot,  quinin.  and  ftethc  scrum. 

The  higb  mcubolism  means  that  the  puticnt&  need  IH  to  t  limes  as  much  food  kj 
normal  iniliviilunl^. 

In  creiini,  the  heHt  production  wus  found  lo  pet  cenl.  below  normal.  Thii  was  CM- 
rected  in  a  few  days  by  thyroid  nd  ministration. 

Use  In  Obe^ty. — ThjToid  adminislralion  is  often  strikingly  effecUve 
in  reducing  the  fat  in  constitutional  obesity  (mcnwpauKc,  ctc.i.  much  less 
so  in  auperalimen  till  ion.  In  any  case,  ihe  result  is  not  permanent  and 
is  connected  with  the  sometimes  dangerous  effects  descrilxrd  under  over- 
dosage. Only  small  doses  should  be  used,  under  strict  medical  super- 
vision. The  protein  income  should  be  kept  high  to  compensate  the  l««a 
(v.  Noordcn,  1915). 

Other  Therapeutic  Uses. — Thyroid  hn%  been  tried  in  the  following  (-onditioDs,  b«t 
the  inconstant  results  indicate  Ihat  it  is  probiibly  usclcu:  Skin  diieiu«;  tnoriuti.  cc- 
trm».  luiius.  chronic  rheumatiam,  gout,  srleriusclcru^h,  rickcl»,  inftiniitc  rachHia*, 
hemophilin,  etc. 

Ldivkl  Growth  and  DeTslopmertt-^nuiIernntsch,  1912,  made  the  imixHtant  dU- 
covcry  that  fei'dinit  thyroid  to  Ind|K>!cs  chnLj  their  growth,  but  at  the  ume  tine  b**- 
tens  their  development  into  frogs.  This  hai  been  abundantly  confirmed.  The  activity 
is  propnrtionnl  to  the  i'lilin  cunlrnt  (L<'nhiirl,  1915).  Mofk,  191 1.  tinds  that  the  elteet 
H  produced  by  all  iodin-containing  fructiuns  of  the  gland.  wluLtt  llie  nu<(eo(>ro<eiiis, 
lipoids,  etc.,  itrcinciTcclive.  Positive  results  nrc  also  j^oduccd  by  iodothyriii.iodateill)r- 
rosin,  ioiiiztil  U'iltc's  priitonc  and  iodiecd  bcrum  protdm;  not  b^  loorfanic  lodUi  0* 
iodids.  iodized  5tari;h.  lodiied  lecithin,  or  marine  algK.  The  activity  therefore  appears 
(o  be  due  to  iodized  amino-add  derivatives.  The  action  probably  consbta  in  increoaed 
nulcily^b  snil  phaBOcyloMs. 

The  presence  of  tiiyroid  tisiue  olso  increoses  very  markedly  the  multipUcalJOD  ol 
Paramecium  (XowikoS  and  Shumwny;  Budington,  1915). 

Susceptibility  to  Poisons. — The  metabolic  distUTbances  alter  the  de- 
struction of  poisons  in  the  body.  In  niicc./.i.,  the  toxicity  of  acetonitiile 
is  greatly  diminished,  whilst  that  of  morj)hin  l-s  increased. 

It  has  been  nu^c^Icil  Ihut  many  symptom!^  of  Craves'  disewe  may  be  MCOMilarjr, 
due  lo  lowered  mistance  R(;ain?t  mi'labohc,  intcslbnl.  or  other  acddcotol  poiMXiiac. 

AcetonitrileTest,— Hunt tigos.tgo-j.iooS)  found  ihitt  the adraiolstraiwrnifthyt^ 
to  white  mice,  for  a  few  days,  markedly  incrcanct  their  mlitance  to  acelonitrile.  The 
toiic  effects  of  the  latter  are  due  lo  the  liberation  of  HCN.  Thyroid  (ccdi&g  doe*  not 
affect  the  toxicity  of  HtrN  when  odministcriKl  as  such;  so  that  its  protective  Inlluenc* 
mu^t  be  due  to  a  retardation  of  the  metabolic  proceiscs  which  eonvert  acetanitrile 
into  HCN.  In  rats  and  guinea  pigs  It  has  the  opposite  cRcct,  iaCTcftiing  the  toxicity 
of  the  nitriUs. 

The  Hcctonilrilc  response  is  a  delicalc  and  nearly  specific  text  by  o-hidi  a  miUigram 
of  active  thyroid  tissue  can  be  readily  detected.  It  mny  alw  be  uxd  for  cooipariM 
the  relative  activity  of  different  thyroid  products.  This  u  found  to  go  paralMl  witb 
their  iodin  content.  The  ivd ministration  of  iodin  therefore  renders  dogs'  thyroid  more 
active.  The  prompt  increase  arsuot  ihat  the  jLlotagc  of  iodin  is  the  cause,  rather  tbaa 
tht^  retull,  of  the  nclivily.  Thyroid  in  which  no  iodin  can  be  dclct'lcd  by  the  ordinary 
chemical  tests,  as  well  as  Certain  other  organs,  show  a  very  feeble  activity  (Hont  and 
Seidell,  too?*),  and  lhi»  may  be  due  to  traces  of  iodin  compound,  which  arc  not  revved 
by  the  ordiniirj*  test, 

Trendelenburg,  1910,  and  t.ussky,  ton,  claim  that  the  blood  of  cats  iciva  ibe  te»t 
even  after  remov  hI  of  Ihe  ihyroid^.  This  removal  docs  not  seem  to  alter  the  lespuiue 
of  the  mice.  Application  of  the  test  lo  the  blood  of  Basedow't  disease  h*i  Itot  given 
conclusive  results. 

Ef'cl  ej  Pirt. — Cerlnin  diets,  dcitrose,  oatmeal,  liver,  or  kidney  abo  incnsM  Uie 
retislance  of  Ilic  mice  to  the  nilrili-.  aa  com])arrd  with  cracker,  milk,  chrcs*  or  en  diet. 
This  ;ecms  to  be  ilue  to  nn  action  on  the  thyroid;  for  the  difference  is  diminisbed  if  Ibe 
thyroidk  arc  cici^cd;  Hud  ihne  glands  present  anatomic  chaoxcs  (Hunt,  1910.  1911). 

Thyreotroplc  lodh)  Compounds. — Otner  iodin  compounds  »lio  have  tome  protective 
action,  presumably  bv  being  converted  into  the  th>'roid  compound.  None  reach  ibe 
same  activity,  but  tlicy  present  inleicsUnii  differences.    The  iodin  ol  tbe  leaweedl. 
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iii!<l«t«r>ck,  it  About  100  linw*  m  uctive  as  the  iodin  of  poUiMium  iodid  <tIuntnRd 
ScUldl,  ii)io;;  and  a  di«t  ol  scuwcctU  iacicoics  the  iodin  coniciUi'f  the  K'nDiI<>  (Hunter 
And  Simpion,  lui  5).  lodnthyiLit  ha^  a  ^iirjinx  adiviiy  (nunc,  'rrui(li:lcnburg,  :aio). 
R46lstuc«  to  morphia. — Thyroid  feeding  lowcft  the  (cji.itiincc  of  mice,  r«ts  and 
ndneft  nigs  to  miKiihin  (Hunt).  Gottlieb,  1911,  fl.iiins  t.i  h:ivc  drmonstrBtrd  that 
Uis  b  due  to  k'ASciicil  dc»lruct!on  of  the  motphin;  mid  that  Ihi-  untin  n(  a  ttaicdon 
patient  had  a  timiUr  inhibiloty  rSi-ct,  wbiUt  hotoirI  scrum  hntlcna  il&  dr^tructioci. 
AccordinK  tu  Olds,  lyio,  llic  ir^iHtancc  to  luorplijn  it  not  tncccascd  by  txdema  of  the 
tbyroadd,  u  might  pcihaiis  be  cxpittcil. 

PHEPABATIOKS — THYROID 

'ThytoMtum  Sktum  (Thyroid,  Sice.),  U.S.P.,  B.P.;  Dried  Thyroid.    The  dried  nnd 

S>wdercd  hrjiithy  thjToid  Klaiids  of  sheep  (and  other  anim.ils  iisrd  for  fond,  U.S.i'.). 
oe  pail  of  the  dric<l  cormpondn  apnroximotcly  to  5  parts  of  the  frtsli  (•land.  The 
U.S.P.  requiwB  0.17  to  o.jj  per  c«il.  of  thyroid  Iodin.  Dasf.,  o.i  Gm.,  1  j-j  gr.,  U.S,P., 
OA>i  to  o.js  Gm.,  J^  to  4  (!r.,  B.P.  Rnw  or  boiled  glands  (J^  to  ^  glund)  have  abo 
beca  lucd,  but  hare  no  advantage. 
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Vqwuible  mainly  tor  the  convulsive  symptoms  and  the  fiitEilily.    Thdr  functions  ur« 
H  ({ifMreiitly  quite   distinct    irom    the  tbjToid; /.i'..  thry  nrc  UE^uaJly  quite   normal   in 
*  cretins  (Rouitay  and  Clunct,  lyio).    They  were  discovered  by  SandMrocm,  1880,  and 
their  phyMoloKJc  importance  |H>inled  out  by  Gley.  i8q^. 

AtUioni. — Eidiion  of  the  par.itbytoids  from  do£<  [irnduccs  Many.  Thti  is  tempo- 
nifiy  tclicved  b^  tlic  injection  of  p.irathyroid  extract  or  nudco-pri>lrin  (Hfcbe,  1007), 
and  »lio  by  CAlcium.  This  sugRested  that  the  danci*  are  conterncd  with  calcium  tneta* 
bo1i«m  (hlacCalUim  and  Voe^iUn,  icioq)  ;  but  this  docs  not  seem  to  be  the  cose  (Cooke, 
1910).  The  antuiconi&m  is  merely  due  to  the  depresaunt  action  of  culdum.  Strontium 
and  Hdium  chlorid  ore  simiUriv  protective.  The  nmmcinia  of  the  btood  i»  ineicased 
by  dquMfiiODQf  the  functions  of  the  liver  (Carlson  and  J»cob»on,  loii)-  It  is  doubtful 
metlwr  the  ammonia  incteaw  U  an  adequate  explanalion  of  the  sym|>tomi. 

Tlic  Cafbiihydtatf.  lolritinr.t.  is  lowcrr^l  by  f>:ciiion  of  the  parnth)roid  (Underbill  and 
Hibdltcb,  iQoo).  Injection  of  the  nuc leu-protein  produces  polyuria  and  dilation  of  the 
pupiU  (Ott  nnd  Scott,  1909  and  iqio). 

nmmction  of  the  parathyroid  also  increases  the  vasotomlrktor  rap«nf*  to  nicotia, 
cpinephrin  and  pituitary,  involving  therefore  the  nhole  peripheral  \'asumotor  mechan- 
ism.   This  elTect  h  aha  countcrncleid  by  caldum  (llofikins  and  Wheclon,  :oi4)' 

I  Parathyroid  hyperpUaia  is  produced  In  fowls  by  (ccdinx  with  maiac  or  wheat.  This 
is  binderoJ  by  calcium,  increased  by  sulphuric  add  and  neutral  sulphur  (Marine,  1D14). 
W.  r.  Koch,  191  J.  linds  that  the  removal  of  the  piuuthvioid  leads  to  the  appearance 
of  loxie  fr^IlCI  liiuanidin,  histamin,  etc)  In  ihc  urine,  whiCQ  may  be  partly  mponsibla 
for  the  symptoms. 

Therapeutic  Uses. — Parathyroid  has  been  administered  in  lelany  re- 
sulting from  removal  or  disease  of  the  gland,  perhaps  with  some  benefit. 
It  has  ai^o  been  tried  in  paralysis  agitans  (Ucrkdcy,  i90(>},  in  infantile 
and  ga.'itric  tet.inv,  cclampMa  and  chorea,  but  the  results  arc  so  incottstant 
that  it  is  probabfy  useless. 

Toxic  Aclient. — Morris,  iqi  ;,  describes  mental  lymptoms  in  a  patient  which  he  is 
inclined  to  aliributr  To  The  prolonged  administration  of  large  dose*  of  parathyroid. 

D««ic«ted  paiathfroid  gland  consistt  oif  the  dried  external  pnrathyrold^  of  ihc  ox, 
lei^etcating  about  6  parti  of  the  freth  tissue.  A»rrase  Dose.  6  mg.,  ^Jn  gj..  four  timca 
daily.  Frsh  glands  or  hypodermic  injections  of  fresh  glands  luive  tiomeiimet  givtn 
better  totdt*. 
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This  is  a  vestigial  remnant  ol  ^  primitive  <lorsAl  I'ye,  bill  proent*  «ojnc  evidence 
^wndnlar  structure,  with  ^ympiinetic  innervation.  It  begins  10  involute  eariy, 
C  ibe  KVcolh  year  in  homo;  but  its  dcgenetation  is  never  complete. 
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BxtifpMlon  expeiimonis  iiavf  not  yielded  coocliMive  TCSuttL    The  cftrly  cAtcU  ai»' 
iliMp*raDle  fiom  iimimniiiTn.     There  arc  no  Inic  cbaosM  In  iidultsi  ia  young  ■*t<'***'t. 
ttblatioo  b  »iuil  Iq  Icml  to  [iiccuciuue  dcvcloiiment  (Sartcschi.  t-'oa),  but  the  (fleet*, 
U  best,  ar«  not  vrry  sinking 

Intnlvsnous  injection  of  cxtracU  docs  not  huve  «ny  nronouncod  action  oo  ihe  ciroi- 
lation  (DixoQ  and  Uiilliburloo,  1900)-  It  lacrutteH  the  miik  mickUciD  ia  goaU  (Ott 
sod  Soott,  191:). 

Contiaued  Oial  or  Hj'podermic  Adninistimtioii. — This  U  also  uid  (n  produce  pnco- 
ciout devdnpmuiil, inon-Jiiiiiiti: ih:tn  <vithablalloii(UauaaQd  ticrkclryi  .Ml Cord.  1914), 
The  growth  (if  j'oung  ^juinca  pigs  is  hiutcntrd,  but  does  not  proceed  beyond  ihc  nanaai 
va:.  Unnu  and  Berkeley  used  It  (j  tn  6  mg.,  !'<to  to  >(agri  three  time*  dall} )  in  biitk- 
ward  young  children  (to  twclie  or  lif  teen  ycat^).  It  bad  no  effect  on  grwrtb,  bat  they 
claim  Improvement  oi  the  mental  dcuelopmenl.     Thit  need»  ind^>eBdent  coitlinnalMn. 

NMplBsmsof  the  pineal  itlandarusiLid  to  he  ofleniLsAodBted  with  precocioiuphj^al 
and  sexual  development.  Only  a  (ew  cosies  are  on  lecord,  and  the  ttfiability  oI  the  con- 
nection is  not  established. 


PANCREAS  PREPARATIONS  IN  DIABETES 

The  imfwrlanl  iclniion  of  the  poncreiLs  to  caibohydnle  nieta^lism  encouraged  the 
hope  that  its  aduiiiiislradijii  wuuM  be  bcne^ciol  in  diabetes  melUtus.  The  rnulii. 
huwcvcr.  have  bi-en  c^eiitiBlly  iie|ta.live,  both  in  hiimnn  diabfrlei  nnd  expeiiracntal 
glycDsurins,  however  much  the  experiments,  preparations.  chaancU  of  adminlt! ration, 
eir-.,  hnve  been  nuMlilicd  (Murlin  nnd  Kramer,  tgi  j).  The  exceptional  imitive  results 
may  be  fairly  attrihiiir'l  ti'<  (lie  natural  vurintiurikiti  the  clinical  course;  niilsl  thenpcft- 
mental  results  (such  as  those  of  Zuclier.  iqoS>  foil  within  the  linitt  of  ordinitry  virli- 
tion  (Jnroby,  Exp.  Ther..  p.  1 53).  The  hvpolhctical  internal  «ecreUoQ  of  the  p«BCtcai 
can  nut  therefore  be  utilized  the  rape  uti  cully. 

Intravenous  Injection  of  Dextrose,— Kleiner  and  MelLzer,  191s.  find  U»»t  ibe  te*- 
loration  of  the  nnrni.it  level  of  hlixid-nuKnr  rcqiiirci  tnice  as  long  as  normal  in  U 
animal  whose  pancreas  ha&  been  removed.  They  claim  that  this  dday  b  p«c- 
vented  by  puicrcu-emidnon,  and  that  this  dI»>  diminislie*  the  spootnaeotu  hypo- 
^ycemb  of  panctealectomy. 


SECRETIN 


Pavloir  Bhowcd  that  the  presence  of  acid  chyme  in  the  duodoram  is  the 
stimulus  to  Um  MCietiun  of  pancreatic  Juice.  It  woh  later  shown  that  this  b  not  dac  to 
«  nervous  reflex,  but  to  the  production  of  a  peculiar  lubatoncc  "secretin,"  which  ma^  be 
prepared  artificially  by  macerating  the  duodenal  or  jejunal  mucosa  intfa  dilate  actdt, 
soaps,  cte,(Bayiiss  and  Starling, 190*)  ;or  by  contact  of  these  or  of  inilanls  with  the  Kring 
mucnta.  ficcrclin  doe>  not  exist  as  such  in  the  mucosa,  but  Ufonnnl  from  an  inMloble 
''prosecretin.  "  Secretin  is  tdentilied  by  causing  a  marked  flow  of  normal  paacreatic 
juice,  when  the  neuitoliicd  and  boiled  61lratc  is  injected  inltaveooiuly.  (An  «aten- 
five  review  of  secretin  is  given  by  Csrlson.  Lchensohn  and  Prattnao,  I0t6.) 

Nature  and  Properties.— Secretin  uaolublcin  water  and  dilute  alcohol  (70perc«>t-)i 
insoluble  in  absolute  uku hoi.  ether,  etc.  It  h  fairly  readily  destroyed  by  acids,  alkalln 
or  oxidation;  and  by  the  digestive  (crmenls  (Carlson  ct  al.  1916).  It  has  not  been 
Isolated  pure;  none  uf  the  known  cot^^tlluents  of  the  etliacts  produce  the  characteristic 
effect.     Barker  believes  thai  it  is  probably  an  organic  base. 

Actions.— Intravenous  injection  of  secretin  stfjnulatei  the  flow  of  pancreatic  jince. 
bile  and  succus  entrricus.  but  not  of  the  other  digeatfve  'Secretions;  nor  do  extracts  of 
other  portions  thon  the  small  intestines  produce  the  secretory  effect,  Th*  Mvrction  t> 
accompanied  by,  but  not  caused  by,  vaWilntion.  The  pancreas  u  not  readily  faliirueii, 
the  flow  beintc  undiminished  after  eiifht  houn  of  continuous  injcclicw.  Similarly, 
repeated  injections  of  equal  dcses  give  an  identical  response.  The  flow  b  aot  affected 
fay  anBlhcsia. 

Clinical  Inefficient, — Moore.  Edie  and  .\hran),  i^on,  suggested  the  ad  minis)  ration 
of  secretin  ajr-iinst  diabetes.  Subsequent  wurkcrf  have  shown  that  it  has  no  effect 
(BainhnVlgc  nnd  Beddard,  1906;  O.  Loeb  and  Sladler.  1914),  It  was  aim  Irkd  against 
diEestive  diwirdcn,  with  equally  inconclusive  results.  Thw  agree*  with  the  sdcntific 
data:  In  the  first  place,  it  hamnt  hern  shown  that  prosecretin  is  defident  in  a^  cBaltal 
Condition;  secondly.  Ihc  oral  adminltt  rat  ion  even  01  enormous  do«e»,  b  quite  fatcSactivt^ 
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•ItKTUcrcfinbnpiilly  dcstinytdbylliccli^tivc  iuices  (CxrtwnV  Ev«n  the  hypoder- 
mic xlminiii ration  »  inactive  (Matum,  ivi);  tlalilciit.  lyi i).  Finally,  Ihr  cunimcKUi 
i  do  oi>t  conUin  sccrctia,  pmunubly  because  it  is  too  unst&ble  (CuImd). 


PHLORHIZHf 

General  Stitement.— Tins  gluciitiid  produces  a  unique  glycoauria  by 

nttlating  the  kidneys  to  the  excretion  of  dcxtro^;,  with  polyuria  and 

■lonuria,  loa<iin^  to  loss  of  fiugixr,  and  thus  to  the  production  of  sugar 

rom  proteins,  greatly  increased  excretion  of  nitrogen,  etc.    The  phcnom- 

ta.  are  of  great  suentific  but  of  no  therapeutic  importance  (Critical 

tcvicw,  G.  Lusk,  tQia). 

PUahUa  wm  imiatod  by  Kontnck,  iS^Si  fmm  tbe  root-buk  ol  oppte,  peat  and 
'Iai  tn<«.     Stas,  )8j(i.  sboncd  it  to  bt  a.  ^uoofid,  dcoom|>oscd  by  iKid  liydrot>'i.!s 
dcxiroM  aod  pntordin:  and  the  Ulicr  aiiiua  intu  jthlorelinic  acid  aod  pkloruKluda. 
Tb«  cbiractcrutk  iilycoauiia  nai  di.srovrrixl  by  JtlcnnK,  iSS6.    It  lui  been  prnducccj 
~i  aJI  vcti(t>nlcs  IriM:  EDunmiili,  birds  fro|i«  and  rrpllln.    The  phlochixia  it  oxttitA 
»r  ilie  most  (>art  uticlangcd  (Pietkiewiu)  withio  two  daji  {rraiunitx}.    The  glyc«- 
l*.  outlaiti  the  cxcietion. 

The  UMUDt  l){g!uc»i>r  in  the  urine  may  be  very  high,  atiovc  1 1  per  cent.  It  pertitt* 
>e  *«i>enllMuraa(ieiasinKlclnjeciion.  but  maj' be  pnilonjjcd  inilcfmitdy  at  ltsnl|th«it 
"'"  «,  by  itdmiiiHteriaie  i  Gm.  of  the  ff'tcosid  per  kilo  ot  body-weigDl,  by  nouth, 
liinc»  a  day.  LArgcr  done*  do  not  incccoic  the  ^ycMUtia. 
Tlw  OlTCOamia  Is  not  Pancreatic. — The  symplomB  after  phtorhixia  menbla  those 
Ol  paacTcatk  diabet».  but  ihcir  mtchaidtm  id  la  (act  totallv  unrelated.  The  matt 
uutkiiu  diffcTCBoe  i»  the  nbwoce  a(  hyperglycemia.  With  phlorhiiia,  the  sugar  «( the 
Mtmd  H  dlmlabbtd  (Meri&g);  if  the  ludneys  ore  cicinci),  or  the  ureien  tied,  inc  blood- 
*tiKU>  reouins  normal  (MinkonnkI;  Schabad,  iSgj.  According  to  UnderMIl,  tgti.  It 
•oayriie.  iodicitiB?  ovcrproductioo  ot  sugar,  but  thii  pU)'»  at  most  a  minor  part). 

TJie  ke&tta  is  RcoaL— II  is  evident  from  tbcw;  eijicrimcnw  that  the  glycoKunn  is 
^lue  Bawnlially  to  more  rea.dy  climinatioaof  sugar  by  tlio  kid ae>-s.  The  effect  is  pcripb- 
*t*X,  (or  it  occurs  niter  dcs-Iiuciion  of  tlie  medulla  and  card,  and  after  section  of  all 
'*n*l  Bcr\-(S  (Frcy).  If  ihc  iihlorhisii)  it  injected  Into  one  rcnnl  ntlcr?-,  slycosutia 
occurs  in  this  kidney  and  nut  io  Ibeother  (Zuati).  MosbetK  found  by  (he  Xui^baum 
'rrui^etacnt  lliat  the  sugar  excretion  oocura  in  the  lutiiUt.  Kishi  found  that  the  cortex 
cobIauu  more  su^ar  than  the  medulla,  whilst  (he  reverse  holds  normaliy.  Histnlo^ 
^nnges  have  also  been  described  b  Ihe  renal  rplihclium.  Comiiii  and  methylen  blue, 
*luch  are  also  excreted  by  the  tubutra,  may  »uppieu  Ihc  glycOMiria. 

Tb«  excretion  of  sugaris  pronottfonal  to  (he  activity  ol  the  kidneys;  It  is  diminished, 
lot  Inatance,  wImo  one  kidney  a  exciwd.  and  increases  asoin  as  Uie  remaining  kidney 
■J'PCTtnfilues  (Schtlliag,  t^).  The  sivcosuria  i*  Mid  to  be  diminished  in  parenchy- 
Motu  omliriltt.  and  the  injection  of  pnlorhisln  (phlorhlsin  lest,  j  mg.  in  warm  water, 
■ypMlainically)  has  been  proposed  as  a  means  of  tUacitods.  The  result,  however,  it 
•*  dwUve  in  either  sense. 

Othct  Renal  FunctionK. — IMuretii  occurs  (Frcy,  igod;  Ijxvi  ami  Xeubauer.  1908), 
IJ"«mahly  as  a  r«uU  of  the  Kl)'cofturia.  The  excretion  o(  the  other  viUd  constituents, 
*■>•  pri}tait,(tC.,sbows  no  ConMaot  abnormalities.  The  mi7A  after  phlorhiila  coniaim 
<■*  oonual  amount  of  lactoM,  and  no  dextrose.  Traces  of  augur  appear  also  in  the 
•dna  baJ  gastric  and  pancreatic  juice  (R.  G.  Penrce,  igib). 

Nfttiira  of  Dm  Actuau— Thin  is  not  understood.  Uaiaa  Mtumed  a  more  increase 
titba  pemeabilit^of  the  renal  oells;  but  this  is  not  the  whole  explanation:  Li;vcnc,/.f., 
•Mad  mora  angar  m  the  blood  of  the  renal  vein  than  in  that  of  the  rcnul  artrry.  Min- 
^"^*U  nntiicd  that  the  phlorhl^n  acts  as  a  Kluooddal  vehicle, splitting  oiT  it*  sugar  in 
"  kUloejjy  snd  ai^atn  taking  up  sujpu  from  tlie  tissues;  but  the  ()uanuiy  o(  sugar  ex- 
<r*it|a  Mvn  phlochuin  is  injeclctl  bto  (he  rcnul  artery  spcnks  ngsinst  thu  view. 

"Vv,  Brodic,  and  Sbu  (i^oj)  have  shown  tbat  the  (tuantity  of  sugar  which  i* 
twWM  when  the  oihw  ahdooiinnl  viscera  ore  excised,  exceeds  the  tiuanttty  ot  sugar 
wu  lUttppMr*  from  the  blood,  and  that  which  could  be  dcn<--ed  tram  the  limited 


rij^JCni  ijmots  of  the  muscle. 


,_- — Bin  that  phlothixin  causes  the  kidneys  to  assume  the  function  of  forming 
saCMBom  the  proteins  of  the  blood,  and  of  secreting  this  into  the  urine,  i.«.,  a  tunctioa 
iM^iUi  lo  that  of  the  DianmaTy  ^nils.    Tbcy  supposed  that  ibesugar  of  CAebloodcx- 
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1L\NTJAL  or  PHARUACOLOCV 


iiu  fa  loose  and  firm  combination  with  the  blood  protcbi;  [he  phlorhixin  cauaes  ihe  Udnay  i 
toMccete  6nttlieloo«ely  combined  »UKnr;niiij  when  ihc  KUpplyof  thitCaiU,  the  firracn 
conblnttion  u  sttadccd.  The  stock  of  carlxtliydnim  in  llie  Dody  thmtorc  diiappcukl 
finit,  although  lome  glycogen  is  relnincd  very  persistently  (MexiaB),  even  in  lasliiu 

fSangUTQ  find  Woodyatt,  1915).     Witii  pcrgislcnl  .-ulniinidrBtion,  the  »agu  h  derived 
rom  the  carbohydrates  ol  the  food',  nud  if  Ihcie  arc  excluded,  Trom  the  protetna.     Bi- 
OHon  of  the  liver  (Ikk's  fistula)  do«3  not  influence  the  ^l^ocBiiria  (Fotter,  1911). 

In  complete  pUorhidn  poisoning  the  ability  to  oxidiJ^e  sugar  It  aito  U&paired,  n| 
that  d«sUow.  whcD  Injected  h>-poderniiciLlly,  i»  completely  eictetcd  (S10C9  and  Lu>k)q 

Ltrer-elrc^eiL — Phlorhitin  does  not  mobiliit  the  Rlyfogen  directly,  bot  only  a&  K 
result  of  the  hj'poglyccmtn.     On  the  conlraQ',  when  the  kLdncj-s  are  excluded,  phloci 
bliin  leads  to  a  re^itccutttulutjon  of  licpiilic  KlycoK<:n.     Since  there  ii  no  hyperztjtcinlail 
it  nppeur?  that  phlorhirin  stimulates  directly  the  synUicsi*  o£  ^ycogco.     When  tbel 
kidneys  are  intnct,  this  action  is  ovcrcnme  by  the  glycoturin  (Kptcin  and  Rucht,  i9iA).| 

D  -^  NKatio. — In  the  urines  ol  depaacttatcd  dons.  fiistlnK  or  fed  on  meii  or  fatal 
Minkowski  found  that  the  wdght  ot  dextroM  divided  by  the  weight  o[  nilro^ea  gave  al 
con»I»nt  rntio of  i.S.     Thissignificsthat  4;per  cent,  of  thejiratein  molecule mcicietedi 
as  dextrose.     A  ratio  greater  than  this  showg  that  some  of  the  soicar  ["mra-mnaf  ")J 
is  derived  from  other  sources.     Phlorhiiin  produces  the  i.3  ratio  in  fatting  rabbit!.  cat« 
•ad  goats,  after  the  "extta-iugat"  hai  been  ftniihcd  out.     In  dogi,  the  ratio  is  3.A7, 
MtbAt  SH.;  per  cent.  oE  the  protein  is  excreted  agdeilro«c.     This  ratio  i»alMi  found  in 
acute  human  diabetes. 

Sources  of  the  Sngkr. — Feeding  with  meat  or  ^latin  incrca«e«  the  dextrose  escretlon, 
but  leaver  the  ratio  unchanged,  shomog  that  Ihcir  convenUon  into  (usar  take*  lbcociS>j 
nar^'  course,     (llycocoti,  aJaniu,  leucin,  aspariiginic  add  and  gluIamMc  acid  arc  n 
or  less  completely  converted  into  dextrose.     The  following  are  also  converted 
excreted  as  (Icitrosc,  and  therefore  raise  the  D  +  N  cjuotieiit:levulQ«e,  lactone, d-U^— 
acid,  glycerin,  glyccinic  acid,  propyl  alcohol.     Feeding  with  fat,  ethyl  or  butyl  akoha 
and  tyco^in  h:tve  no  inlliicncc,  m  that  no  dextrose  can  be  formed  from  these  tourcn. 

Total  Metabolism. — The  calories  lost  by  the  glycosuria  arc  compcnuted  by  incicAtcd 
nitrogen  metaboli&m,  the  fat  metabolism  remnlnmg  unchanged.     In  failing  animals  r*" 
N  excretion  may  be  increased  to  four  or  five  times  alMvc  hunger  alone  (Keilly.  No' 
and  1.11  sk). 

.  Acldosia.— In  slam'ng  animals  phlorhizin  produces  fatly  changes  in  the  liver.  with| 
incieastd  excretion  of  ammonia,  be la-oxy butyric  acid  and  acetone  subitance^  (Merino). 
This  is  prevented  it  plenty  of  carbohydrates  is  given  (Morit*  and  Prauxiutz).      It  is 
increased  by  the  Ingestion  of  butyric  arid  or  butter-fat.    Theac  chanitta  arc  ssaloicoaa 
to  those  caused  by  other  agents  producing  inordlrtate  proton  metaboltsoi. 


KIDNEYS 


Tliere  i>  no  good  evidence  for  or  againM  the  formation  of  an  internal  «ecreiioii 
the  liidney  (Cntical  Review,  Pcarce,   igoR).     Injections  of  kidney  extracts  ptodu 
blood'pressure  changes  (Pearce)  corresponding  to  the  urine  in  them.    Tberoneuticnlly,^ 
the  admlaistration  of  kidney  preparations  has  been  irird  In  chronic  ncfitirtlti,  without 
convincing  results.    A  lew  apparently  favorable  cases  ate  desctibed  by  Formioek  and 
Ei»e1t,  1907. 

Foster,  1915,  claims  to  have  isolated  a  crystallixable  toxic  subctancc  fiaaa  the  blood 
of  uremic  patients,  which  is  not  present  in  nnrmnl  blooij. 


RED  BONE  MARROW 

This  contains  lecithin,  hemoglobin  and  other  organic  iron  compotawh.  Olyceria 
extracts  have  been  tried  in  anemias,  to  stimulate  the  production  w  cofpuKles.  The 
results  arc  not  convincing.  The  exiracis  also  contain  preuor  end  dcpirGHor  principles 
(O.  n.  Brown  and  Guthrie,  1903;  Itrown  and  Joseph,  1006). 


PRESSOR     AND      DEPRESSOR     PRINCIPLES     IN      ANIMAL 

EXTRACTS 

All  glandular  organs,  and  pcchans  all  Huit11.1t  tii-iiies.  contain  both  prcMor  anddewca- 
tor  EubsCnnces.  The  pieisor  priotiptc-i  predominate  in  saline  rit'acts  made  at  ordinary 
temperature,  but  ate  uilco  de-'troj'ed  by  boiling.  The  depressor  Mibi^lancrs  arc  Milubk 
in  saline  solutions  and  in  alcubul  or  etJicr.    They  are  not  Identical  with  cholin  (Swale 


tHYUUS 
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Vbccttt  xai  Slw«ft,  i^j;  Famett,  Becbe,  «t  ol.  i9t^f^ffSt  probably  moic  nMtly 
0IIM  to  the  "i>ci>lon«"  and  Mmilar  ctt<xt%.  InorgaafreaBUItucnti  tiuv  alia  plu}-  a 
pott:  exprmiM  hurt- juice, /.f.,  dfpitsm  cardiac  activity,  simply  by  itti  potawivin 
rCDicni  (Madeod.  1907). 

Choraid  Extract — This  produce*  n  upecUic  incrcwMi  io  the  flow  o(  ccicbra^piail 
llind  (hixoa  and  HalliburtoD,  iqii> 


THYMUS 


I 

I 


Allhlaglaiulls believed  lohavcMmcrolatluu  toerowlnuiil  tatholhyToldapparatu*, 
[C  tut  been  used,  but  willi  vny  doubltul  toult>.  In  Graves*  disease,  rickets,  lubcrculotls, 
ls««*Dlibilia.  inianlik-  iitruphy  and  marasmuf.  Boiled  extracts  incituc  the  milk  mre- 
tioii  a  goat*  (Ott  and  Scott,  iiji )).  Other  lymph  glands,  tfltn,  etc.,  bavc  also  been 
tldarfd  in  obtcure  conditioos. 


to: 


HUCLEOPROTEIMS,  NUCLEINS,  AND  NUCLEIC  ACIDS 

tkaalatrf. — These  tenes  ore  often  applied  so  loosely  uiid  incorrtctly  to  the  (nmmer- 

ciaJ  fvodoct.  that  it  may  not  beamiistorcview briefly  tlicir  meaning.     NuclropriyMiu — 

wfaSd  oocar  malaly  io  nuclear  material — ore  nalural  compound)  at  nuclcit  ncid*  and 

'At.    By  pentie  djgcitian  or  dilute  acids,  a  fraction  of  the  protein  may  be  split  off, 

.Id^t  la  mio^fird  nudeo-protclns,  cortCApondlnKlyrichet  in  nucleic  odd.    lieic 

termed  nudtins.    They  contain  about  5  per  cent,  oj  organic  photphoru*.    The 

fvcn^ilrf  (A  the  piotcin  component  cAn  be  removed  b^  tiyptic  dlitnlion  or  alltaliea, 
•I'^lclinj  the  true  niuUii  mUj.  Thwc  are  definite  chemiCsulMUiiica,  thcSccompolilion 
^A'^'nMt  according  tn  the  liuuei  from  vhich  they  hnvc  been  obtained  (u  doc«  alio  the 
I^'^CcinconstltuentjHOlhatihrdlllcrtnl  products  are  not  identical).  Their  compoUtlon 
*C*^*V(i«Nta:  Cm  Hi;  Nu  Uh  Pi;  the  atomic  ratio  o(  V'.ti  lying  between  4:14  to 
i*^-  Commercial  nutMe  adds  arc  nftco  rontsmifiatcd  with  mote  or  Icunuclcin.  .is  mny 
~^  ^tajHy  shown  by  tbe  biuret  or  Mlllon's  reaclions.  1'hev  are  usually  prepared  (run) 
f*^*t.  bat  abo  from  thyroui,  pancreas,  spleen,  the  sperm  o(  certain  6xhet.  and  the  cm- 
"■^f^  d  graia.    Nudcinx  nnd  nucleic  acids  have  (airly  uronily  odd  charMlcrs.    They 

***  tuoluble  in  water,  but  form  soItiMr  talla  with  dilute  alkalies. 

^^    UlCHden  and  AbaorpHoo. — Nucleic  add  piusnt  the  stonuuh  unchanged.    It  is 

?**^ly  spilt  In  the  intcxtinra,  v^th  the  liberation  of  phosphorU  add,  but  not  of  pmins. 

^  'uTther  port  ]a  presumably  ftptlt  daring  absorption  (btbb'ography,  Forbes  and  Reith, 

AcHoo*  end  Umc— On  h>-podtrRiic  Injoctfon,  they  Inctcaic  tlic  number  of  all 
j'*jioti»  oi  dcculatinK  leucocytei;  and  it  is  now  claimed  that  they  also  raite  the  opMiric 
^^''x.  They  have  therefore  been  uied  in  tubertuloni  and  other  infectious  diieascs 
^^ Ka. ntemesae.  100;).  but  their  value  1*  very  problematical.  They  have  ovea  been  od- 
^atai^tCTed  by  mouth.  The  benefili  to  beetjiected  can  he  judged  by  the  fact  thai  100 
^1^-  al  otdtnary  moist  meat  c»  11  tains  about  o.oi  gm.  of  phatphorua(Ko«Ml,  ilCS>1carT«- 
I^^aadtag  to  0,1  gro,  of  im-e  nudd^  add;  iheaame  quaniityot  moiti  liver, spleen. or 
^jy*c«taa  cotnsponds  to  about  i  ^m.  of  the  pure  add;  whiUt  the  oral  do«c  of  the  impure 
'***cl'^ns  it  (talcd  at  only  o-ofi  to  0.3  gm-  (Bibliopaphy,  Merck's  Rep.,  iQii.  17  ■  1). 
'  tic  nttclrini  are  excreted  as  purinWic^  and  uric  add;M  that  they  arc  cnntrnindiciied 
-p,  ffotity  utd  rheumntic  conditions,  etc.  The  phosphate  eliminatlun  it  *lw  incroited. 
**«  acceptable  commercial  prepsralions  ate  listed  in  N.N.R. 


YEAST  ("¥JEX  MEDICINALIS") 


a  nil  has  been  iccomiaDnded  as  a  biLterLi.iiic.  etc.,  aj^ainsl  furuDCulMis  (by  mouth 

'^^ locally);  in  uitroentcritit  (1  to  j  gm.  p,<i-};  toniilhtia  (to  to  10  gm.  p.o-);  gonor. 

*?«1  vai^nllls  (Abraham,  igio);  in  skin  diseases,  burm,  etc.     More  extended  observa- 

^g—  nn  needed  to  eitabltih  its  value.    Tsiini,  iqoo,  maintaiDi  ibnt  the  bacicricidal 

■Jj^  depend  upon  the  pcoducis of  fermentation,  ocldj.  alcohol,  etc.    Abraham,  t9io> 

'*i*na  lUt  (i|risnallan. 

„  ▼•■•(  VilBBUiL— Ordinanr  yeast  is  n  convenient  source  ol  "Vitamin,"  or  of  the 
"■tor-Mluble  B"  (McCidUim,  Simmonds  and  Pita,  1916).    The  preparation  of  a 
'**'*Wnied  odsoqnion  product  is  described  by  Sddcll.  191^. 

.  V«tcl  ii  cflicltfit  again^  beriberi,  and  against  experimental  lice  polyneuritis;  but 
"■■^M^aci  on  infantile  Kurvy  (Ueu.  1914). 
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MANITAt 

SEXUAL  GLANDS 


Specific  inieroal  MCrctlons  of  Ihesc  glands  arc  concerned  in  the  production  ot  ihe 
" »CConiiar>"  ««ual  tharaotfri;  and  la  lh«  cycle*  o(  miMUtiuAtion,  prcsiuacy  nnd 
IictHlioii.  For  rouny  i>(  tline  phcntimt^nii,  however,  Ihc  coalinuoii*  funclionslton  ot 
the  kIuikIi  in  lilu  h  ncceisnry;  the  thcrnpcutic  .id  mi  nisi  ration  of  th«  gUads  io  ftub- 
SUnce  or  «xlncts  has  thtrcforc  bcco  «Dly  of  limited  valac. 


ORCHITIC  EXTRACTS 

Brown-Sequard,  iSSg.  annuunied  that  hypodrrmit  injettiuns  had  rem&rk*)>lc  ttiati- 
bint  ([unlitics.  Sensational  cx|iloitati»n  hrnughl  his  cLiimt  into  rapid  discredit,  and 
lilt  rttrocl  is  now  scarcely  cmitl'jycd.  Thv  most  marlcnl  eflucl  b  said  Io  be  an  tncreuc 
ot  13  to  30  per  cetit,  in  the  capacity  tor  vuluntory  mii*ciilar  work  ^eMogrnph)- 

This  action  has  been  tittributcd  by  Pochl  to  the  base  tpftmln  (Cil[:tNi).  While 
Ihh  is  eapeciaily  aiiundant  in  this  extract,  it  also  exists  in  many  other  tinue^  It* 
actions  on  the  ncnrt  and  drviilation  rescmfjle  those  of  (hotin,  which  i'  »lso  prcient  in 
the  orchilJc  extract,  lis  phosphate  forms  the  " ClmrCtit-Leyden"  crj'ilaU  (oaind  in 
«()uta,  etc.  The  nctioaol  these  substances  it  supnortcd  by  ft  nudeonrotcia,  which  causes 
a.  nlowrd  bout  and  (all  ot  blood  pressure  throuKi)  stlmulttlion  of  tac  vaxuf  centef,  and 
dilatation  of  the  aplonchnic  vereds,  also  ihroujth  the  center.  The  orcfaltk  extract 
applied  to  the  uolated  hrnri  (Porter  aad  T.angencinrll  method)  «howi  incrc^i'e  in  force 
and  fretiucncv.  The  eicts^  uterul  shows  fli|;ht  sUmulatiOD.  Fresiatt  ix\3  mor* 
energetically  l<>tt  and  Scott,  iQOg).  The  metaboli&tni&increaMd,  but  eota£mucha*by 
ov&nan  extract. 


OVARIAN  EXTRACTS 

This  has  been  given  for  ilic  relief  of  the  symptoms  which  follow  tl 
natural  or  artidcial  menopause.     It  is  difficult  to  say  how  far  the  raihc 
inconsttttit  benefits  are  psychic.     The  most  favorable  results  have  been 
reported  in  postoperative  menopause  in  young  women. 

'I'he  su-ciilled  "endometritis  glandularis"  is  really  a  men.itnial  exanemtion.  Pfob- 
ably  o(  ovarian  origin,  due  to  an  iil>'pical  course  of  the  Ititeum  production;  moti  Hkely 
to  occur  Ht  puberty  ,ind  Ihe  cliniat'cric  (Wagner,  1515). 

Beneticial  results  are  also  claimed  in  some  cases  of  nmcnorthea  with  cUorosit.  Ex- 
perimentally, it  has  little  effect  on  noirtiul  uniinHls;  but  when  oiridntion  hai  been  d^ 
firrawd  by  castration,  in  bitches  and  Kimewhat  irv  Aay?,  it  is  rtotorcd  to  the  normal 
Bvel  or  above  by  ihe  administration  of  ovarian  extract. 

The  average' daily  dose  of  Ibc  dried  ovary  (hog)  U  o.j  gra..  ;M  S^ 


CORPUS  LOTEUM  (LUTEIN)' 

This  is  used  similarly  to  Ovarian  Extract  (Fracnkel,  looj;  McDonald, 
1910;  Burnam.  1913)  and  is  supposed  to  produce  more  certain  effects. 

The  ftpeciQc  effects  of  the  corpus  luicuni  on  the  sexual  cycle  are  not  secured  by  ex- 
tracts (L.  Loeb,  191a  and  1911).  Injections  are  slightly  tcaLactogogue  in  soata  {0\\ 
and  Scott,  1910;  Schoefer  and  Mnckenxic,  iqii).  They  start  hypertrophy  of  the  mam- 
mary  eland  and  lactation  cvtti  in  virgin  rabbits  (Utt  and  Scott,  1914).  iMr^veaoaW 
injection  lowers  the  blood  prtsiure  (Villcmin,  1910). 

The  averase  daily  dose  of  the  dried  lulutancc  Is  o.i  kid.,  iH  V- 

Danntcuther,  1914,  use;  Ihe  blood  [ 11  uriiiilr' thii  ibniihl  fill. Tint  torirnil 

IS  mm.  This  usually  requires  o.j  gm.  of  the  dried  substance,  thr«  ttraca  daOy.  He 
believes  that  the  corpora  of  prejinanl  ovaries  are  much  more  cffcrtive;  but  McCord. 
■914,  claims  that  under  slauRhler-housr  rondiliont.  at  least  qo  per  cent.  o(  Ifte  vetsbt 
of  indiscriminately  collected  material  would  be  from  pregnant  aoimals. 

<  This  aim*  1<  pceuliBil)' nnfortuDatt,  tinn  It  had  prvrlonilr  bna  applisd  to  lb*  r*llow  cotortac 
nuittt  of  • 
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Thit  him  been  uikiI  tLHainst  cxcomvc  mcntt-ni^tiinn  litSy  dote,  i  sm.,  i^  gt.,  of  Ihe 
dried  glftnd).  F.xliHicia  incrcnsc  ihr  inovtrnHrni!!  and  the  lone  of  Ihv  cxilmiI  uirrim 
(Olt  nnd  Scoll,  1909)  and  arc  wiDcnhat  gklacta^oguc,  but  not  in  humnn  (Schncfer  and 
Mnckuuie,  1910]. 


ERGOT 

General  Statement. — Ergot  (Secale  cornutum)  is  a  fungus  (Clav-ieeps 
purpurea)  growing  in  the  grain  of  cereal.'*,  ihe  official  being  ubtuincd  from 

irye.  The  fungus  goes  through  several  stages  of  development,  the  resting 
stage  (sclerotium)  constituting  the  drug.  It  is  used  mainly  to  contract 
the  uterus  (bj'  peripheral  action)  and  thus  check  postpartum  hcmor- 

rrtiage.  It  also  stimulates  other  forms  of  unslriped  muscle,  especially  the 
intestine  and  blood  vessels.  The  consumption  of  grain  infested  with 
ergot  leaij.s  to  gangrene  and  spasmodic  effects.  Epidemics  of  this  "ergot- 
ism" were  formerly  frequent  and  must  have  occurred  in  antiquity,  al- 
though the  causal  connection  was  not  recognized.  It  is  now  very  rare 
in  civili7*d  countries,  the  ergot  being  removed  by  the  modern  methods  of 
treating  the  grain.  The  uterine  effect  was  learned  from  midwivcs  and 
is  first  mentioned  by  Loniccr,  1565.  Its  use  in  regular  medicine  dates 
practically  from  Steams,  1807  (hf.  V.  Med.  Repository). 

Active  Constituents. — The  composition  of  ergot  is  complex;  several 
active  constituents  have  now  been  isolated  in  pure  form.    The  most  im- 

?>rtant  are  the  alkaloid  ErgoUixin,  several  aromatic  amins,  especially 
}Tamin  and  Ilistamin,  and  chohn  derivatives.  The  numerous  names 
applied  to  these  and  to  impure  mixtures  render  the  literature  very 
confusing. 

Ergolcxin  or  Hydrocrgotinin,  CstHiiNtO*,  an  amorphous  alkaloid 
occurring  in  alcoholic  extracts.  It  is  responsible  for  the  characteristic 
Ktion  on  the  cock's  comb  and  is  concerned  in  the  uterine  and  vascular 
effects.  It  is  rather  unstable  and  by  loss  of  H,0  changes  into  its  lacton: 
Kr/^otinin  or  Ergotin,  CjcHaoNnOc,  a  crystalline  alkaloid  with  very 
weak  actions. 

Both  alkaloids  exist  ready-formed  in  ergot,  but  can  be  easily  converted 

into  each  other  by  chemical  means  (Barger  and  Ewins,  1910).     Both  arc 

insoluble  in  water  and  petroleum  ether,  sparingly  soluble  in  ether,  and 

readily  soluble  in  most  other  organic  solvents.     Ergotoxin  is  easily  soluble 

aji  cold  atcohol;  ergotinin  but  sparingly.     They  dissolve  in  dilute  NaOII, 

liut  the  ergotinin  is  partly  converted.     Their  salts  form  colloidal  solutions 

"writh  water,  but  these  are  precipitated  by  electrolytes  (salts  or  mineral 

^cids). 

Tyramin,  Ergotamin,  uteramin,  or  para-hydroxyphenylelhylamin : 
'^his  is  closely  related  to  epinephrin  in  structure  and  action.  It  is  mainly 
Responsible  for  the  pressor  effect,  and  is  not  concerned  in  the  uterine  action. 
Sistamtn,  Ergotidin,  Ergamin,  bcta-iminazolyUethylamin,  4-beta- 
^^minoethylglyoxalin :  lowers  the  blood  pressure,  and  stimulates  the  ex- 
^nised  uterus  powerfuUy. 

A  Dumber  o(  other  aromniic  antina  occur  CMUnlly;  such  as  aimoiin,  ituitnidotiui)-- 
Vamin  (EiucdBiid  and  Kutiiclier,  1910),  which  biu  a  weak  stirauluit  sctioo  on  the 
^»dKd  utcrai;  Uoamykmiti,  etc. 


358 


MANUAL   OF  PHASMACOLOCY 


Th«Bc  aromatic  umins  are  also  produced  in  the  putrefaction  of  meat, 
and  in  the  intestinal  tract,  and  hnvg  been  prepared  synthetically.  They 
are  Kenerally  in§oluble  in  ether  or  chloroform,  readily  soluble  in  watrr; 
prcapiutcd'  by  phosphotungstic  acid.  Chemically,  tb^  are  derived 
from  the  amido-acids  by  the  elinunation  of  COj. 


R 

cnjJHi 

COOH 


thus  l}«cuiiiw  R 

t;n,NH,  +  CO.. 


la  this  way,  Tyramin  is  prepared  from  Tyrosin;  FCstumtn  from  Histidin; 
Agmatin  from  ,\rginin;  l§oamylamin  from  Lcucin.  ;\n  auihoralive  di»* 
cusuon  is  contained  in  Barger's  "  Simpler  Natural  Bases,"  IQ14. 

Acetyl  Cholin.— This  was  found  in  ergot  by  Ewins,  1914.     It  is  re* 

sponsible  for  the  cardiac  inhibition. 

tnTestigations  of  the  Composition  ot  Ergot — A  Isirge  numher  «t  tamiituraU  hia  been 
descrilied  in  crgut:  jUkuIoiUi,  uiiiitu,  rc<>invus  acids,  KluoMldH.  twlaln,  ami  <:b«Un,  fat 
(«S  per  cent.),  iomc  peculiar  sugiii,  coloriuK  mailer,  etc.  The  red  pigment  iSdtrtry- 
lirin]  is  impottiint  for  iiisrovering  the  jirtsi-ncc  of  ergot  in  bread. 

There  h.is  been  much  animated  discusilun  a*  lo  the  rfilo  of  the  Mveijt)  cocutilueni* 
in  tbe  action}  u(  Ihc  drug,  .titd  the  mailer  it  not  ycl  (illagetlier  dodded.  The  unfutioH 
of  the  older  litcraluro  Is  ctpluiiiird  partly  ljy  the  m&t&bUily  of  llic  |>iinclples,  but  majnl^ 
b^  the  difficulty  of  iiolnUng  them  pure.  The  impurities  alter  their  choroctcn  «um- 
cirnll)'  M)  tlial  t-ucceuivc  invesii);at<)r»  have  rrj>c.tlcd1y  dcKiibed  the  »aiiie  princlpte^  | 
somi^what  diSerenily  contaminated,  us  diflcrent  lubilances.  Phyiiulonc  uuou  biTS  ' 
been  .ucrihcd  to  t>ul»t.inces  which  iheM  owed  xolely  10  tbdr  conlamuiauoa*. 

Tkf  modnn  contrpiiom  diitc  maiiil)'  from  the  work  of  Baigcr,  Csrr  and  Pale,  1^06 
and  igo7,  on  the  isoLLliuu  oF  Ihc  cigol  ulkiluids.  Their  papers  also  cive  the  butofical 
dctiiih.  By  the  divfoverj-  of  the  crystiillinc  phosi)hBtc  of  crgotoiin,  they  tunxcded  for 
the  lirsl  lime  in  picparinx  this  priiici[)lF  uncuniaminuled;  antrio  d^lennining  It*  proper- 
tict  and  its  relation  to  erRotmin.  which  Tanrct  had  itoUted  En  1875.  Knft,  1906, 
arrived  independently  at  the  siinic  roiillK.  Dale  (ound  that  the  eiiiOteidn  produces 
the  chnracl eristic  cSc'li  of  ergot.  Ba-rger  and  Dale  aUti  flowed  that  the  olludoidal 
and  minotu  principles  <sphBcelinic  acid,  siihatelotoxin,  etc.)  i(»Iate(1  hy  earlier  in%cv 
tixalurt,  contain  tar^r  pro|KirIioiis  iif  this  alkaloid^  and  that  their  apparent  activity  on 
be  fairly  alttibulud  to  Ihc  laller.  Un  the  other  hand,  they  painted  out  that  the  methodi  ! 
of  prcparins  citrActt  of  ergot  tend  to  eliminate  thu  nlkdoid;  and  that  it  It  Ihertfora 
Dcoestary  to  assume  ihc  fircsencc  of  other,  walcr-^ilulile  principln.  In  1909,  Harger, 
Dale  and  Dixon  found  lhc*c  10  consist  o(  IjTarain  and  histamia  (1910). 

Incurs  Principle*.  — Thc»c  arc  sllll  JniporlAnl  for  undcrtlaadins  the  older  lltentura 
They  are  clasailietl  by  ilarger  and  Dulu  as  fullows,  in  chronolopcal  order: 
Wcnxell,  1864:  Ecbolline  and  Ergoline  —  roixturet  ot  the  alkali^d*,  coataining  choiin 

(Meulcnhofl.  iHqi)). 
Tanrct.   1S75:  AmorphoHt  Ergad'ni'nc  •  impuri*  mixlure  of  erEoIioin  and  erxotoxfat. 
DragendorS,   18;;:  i'Urnsdnolinc  =  ergoiiniu,  possibly  mind  with  some  ergotona.  ' 
Podwywotski,  iMy.  Sder<irty.\lailitu  =  crj-ollniii. 
Kobert.  1884:  Sphacelinic  Add  ^  inactive  resin  with  adherent  alkaloids. 

Cormilin  =  alkoloidal  resin,  probably  containing  some  crgoloiin,  and  perhaps  tOBift 

acdvc  alkaloi'tal  dccomixisiilon  products. 

BrgatinU  Acid  —  a  sapuloxin. 
Kdlcr,  1896:  Cormilin  ^  imjiure  mixture  of  ervolinin  with  ergotoxin. 
Jacob/,  1897:  Chryxaloiin  —  inuirlivc  yellow  color!  n|t>  ma  Iter  wjlh  t>iBall  proportion  of 

adherent  alkaloid. 

Stealinlexin  ^  mixture  of  crgotinin  and  ergotoxin. 

Sphaefloloxin  =  impure  trguluMn. 

Stemlix  =  Impure  ergotinln. 
Kraft,  1906:  Bydrerrtptinin  =  synonym  for  ergotoxin. 
Vshlen.  1006  and  iqoS:  CUnIn  •=  inactive  rnixturc,  condttililt  of  ncariy  equal  p«rtt  of 

lcucin.  iioleuein  and  valLn  (V.'kn  "Slykc,  1909). 
Marino-Zuco  and  Pasquero,  1911:  Clwttfiin;  clatsied  to  t>e  an  active  glucoud;  Dot 

yet  confirmed. 
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Ergotln  is  a  name  applied  lo  a  %-ariely  of  pharmaceutic  extracts, 
^cncially  prepared  in  such  a  way  thai  they  must  contain  mainly  tlie 
ainins,  and  relatively  lillle  of  the  alkaloids.  A  number  are  listed  in 
N.NR. 

ACTIONS  OF  ERGOT 

The  effects  of  the  vaciouH  ergot  constitueats  are  so  mudi  modified 
when  they  are  present  together,  that  it  is  advisable  to  describe  first 
t  He  actions  produced  by  erf^ot  itself. 

IRerine  Actions. — The  most  important  u»  of  ergot  is  in  obstetrics. 
E.*^gol  preparations  stimulate  the  uterus,  especially  when  pregnant.  The 
clinical  effect*  arc  well  ilcscribcd  by  Shar|>.  I9M-  In  lalwr,  the  ordinary 
*4o«t*  improve  the  uterine  tone,  and  collect  small  irregular  and  non- 
*Teciive  pains  into  larger  effective  com  ractions.  Small  doses  may  inhibit 
"*^  contractions.     Kxccssivc  doses  produce  prolonged  tonic  constriction. 

When  proper  doses  are  used  during  labor,  with  the  os  fully  dilated 
**»<J  a»  obstruction,  they  ten<l  to  hasten  normal  drtivery.  Really  effective 
^*^*^<*.  however,  are  rather  dangerous  to  mother  and  child.  The  firm 
***«»  traction  may  hinder  delivery,  and  compress  and  asphyxiate  the  (clus; 
*'^«'n  rupture  of  the  uterus  has  been  reported;  but  these  accidents  are 

»'^^K-y  rare. 
The  most  common  use  is  after  the  deli\-ery,  to  hasten  and  sustain  the 

^•*«~inal   retraction;   thus  obliterating   the  open  sinuses,  and  checking 

^^xtfarlum  kfmotrha%e.    In  early  prettiiancy,  its  effects  arc  much  less 

^^■^*"taia.    Contrary  to  popular  opinion  it  is  not  abortifadent  unless  danger- 

****>*  doses  are  lonp  continued. 

.  The  uterine  effects  arc  due  to  crgotoxin  and  histsniin.    Ergotoxin 

^^^  been  used  therapeutically  and  acts  more  promptly  (four  minutes 
***«sr  hypodermic  injection,  Shar]))-  Pituitrin  is  now  being  employed 
P^pKjderably.    T>Tamin  has  heen  tried  clinically  with  varying  results; 

*    as  not  effective  in  animal  experiments. 

£i^ot  has  also  been  used  in  other  forms  of  uterine  henwrrhagc  and  in 
^■*-«"x»nic  metritis, 

Administration. — The  usual  dotage  is  i  to  5  c.c,  ,'3  to  1 5  of  the  Fluid- 
^^t-^Bct,  or  the  equivalent  of  the  stilid  extract,  wliich  is  eight  times  as 
i!^t>ng.    They   m«>'  also  be  usc<J   hypothTmically  or  intramuscularly. 

*«^o    response  to  ergot  is  quite  prompt  even  when  taken  by  mouth;  it 

*:^l>g-ars  in  fifteen  lo  thirty  minute*  iin<l  lasts  half  an  hour  (Brady,  iijio). 

^l^»um  delays  but  prolongs  the  effects;  moderate  chloroform  anesthesia 

**>«»  not  modify  them  (Sharp), 


Jiftduiiiim  of  VUri»t  Aeiivn. — The  aetion  in  neriptienl.  unc«  it  occun  aUo  in  tbp 

**'^>«*l  utmis  (Kurillaiiwskl,  1006;  Fetlaer,  19061  iniman,  Kurtmimcn  ami  Ktlgcrmann, 

'9*3'}.    Muilcraic  coaccnlialioiu  incrtsue  the  tone  and  tb«  automatic  contraction; 

^^m  mnnntraiwu  prodiuy  icinnut  of  the  Uterus.    (FraD^s,  1911,  Cftutioai  about 

'*>«  inifijifctalton  of  the  ^htnumcna.) 

*-■  TofTC,  1911,  found  intcrcitingluxtologiccliangci  in  (beuteriof  don  treated  witb 

"^**;    TWy  coBiHt  in  cnntniclion  of  all  the  muKular  ultrlnc  Uyers  and  of  the  arierinl 

*''*de*  Mo;  eifiedally  nuifced  in  prtgnnnc)-  when  ttiu  muictc  is  h>'pFrtrophicd.     Tbe 

^'''Vtfain  of  the  muiclc  b  Ibcn  xo  groit  that  muscle  Kccms  almost  abicnt.     Th«  unalltrt 

'•Wh  Roiof  ihroush  lb*  muM-ukr  tayn  to  the  mucosa  art  jrteaily  compfw^'i,  irhiUt 

*•  ^**1Xt  ^f»MU  nrr  ililnlcd.     Paridoxicall)*.  it  appean  as  if  the  \-olume  of  thi-  muiirlc 

*^  <lliiiiai»tic<l,  and  the  lunsrn  of  tbc  uterus  incrcuMd.    The  Inufprcution  ii  difEralt. 
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Blood  Pressure. — TTiis  U  practically  unchanged,  in  man  (Sharp,  191 1), 
or  animals,  unlc.w  the  ergot  is  injcttcd  into  a  vein.  This  produces  wn- 
»<Ienili]c,  bill  inconstant  and  complex  changes.  The  variability  is  larKdr 
explained  by  the  conflicting  actions  of  the  different  constituents,  anj  ^ 
dosage  and  other  conditions. 

Sometimes  there  i*  a  large  hut  brief  fail  (rom  direct  ardlac  <Iepr«MiaD.  fellomd  In  1 
Blight  but  prolonged  riM  from  direct  caicUac  amd  vmcuIu  stimulatiaa  (SoUnuiu  tfl 
Brown,  1905).    The  M  b  prBumably  diM  lo  hlstamln  and  M«l>')-cboiili;  the  ri«  W 
ergotoxm  nnd  l/rikmin.    Otter  ei|)criincDts  idiair  very  Utile  Fall  aiid  Himrwhat  iimt^ 
riw  (CronyORDd  HcnderRon,  1500;  Edmunds  sod  ITnlc.  191 0-    This  riic  U  gttatci  i* 
the  vuomotur  center  hui  been  dcilro.ved,  and  is  tberelore  due  to  a  dirctt  pcHph"** 
acti.ni  on  the  veMcU  tjacobj,  1837;  Wood  and  Holer.  1410).     Exdied  otteriM  Uic*."P^ 
the  })ulmonary)  »re  als'>  constricted  (Cow,  igii).    The  va«OCaniUiclian  occur*  tlM*  V^ 
cskium-trec  solulioni  {I'eurce,  1013).  and  ia  due  to  erBOtoiin  And  Ivramin.     The  V« 
notor  center  is  not  aJTcctcd  l>y  ergot  or  crgotoxin  (radiM  and  SoUmuia,  191J). 

Tha  pressure  in  the  pulmonary  arli^y  h  incrcaaedf  whether  the  carotid  pre«Mr 
riibgor  falling  (Wood,  191 0-  Mellin,  1904,  Plunuer,  190J, and  AadcRB,  1915, aic- 
utc  [he  riu  to  constiiciion  of  the  pulmonary  xaaaa;  Ducon  to  incrcajicd  o«tpu< 
the  right  ventricle.    WigiRrs,  191 1,  showed  that  crgoloxin  produces  both  eflecli. 

Vtiy  larff  4asti  of  ergot  pwalyw  the  vagus  center,  and  Um  VMomotor  enili 
(epincphrin  bocoming  incKcc.tivc  whilst  bBniim  is  still  active)  (Sollmana  and  Bro ' 
190;).    This  "vjuomotor  reversal"  !s  due  wlely  to  the  ercotaxin  (Dale,  >9oi]. 

Ergot  Its  General  Styptic. — The  efficiency  of  ergot  in  postpartum  he 
orrhagc,  and  the  vasoconstriction  observed  In  animal  experiments,  Iuk- 
led  to  its  use  against  hemorrhsKe  in  other  situations.     However,  the 
ditions  here  are  altogether  different;  for,  as  ordinarily  administered, 
does  not  affect  the  blood  vessels  or  blood  pressure.    Its  use  is  thcref< 
irrational  {Bradford  and  I>eaii,  1894).    It  is  also  useless  in  pulnion»^ 
hemorrhage  (Frcy,  1909).    It  has  been  praised  rather  uncritically  in- 
great  variety  of  other  conditions,  which  it  would  be  useless  to  cnumeia'' 

Cyanosis  of  the  Comb  of  the  Fowl — ^Vhe^  ergot  preparations  arc 
ministered  to  rousu-rs,  in  about  an  hour  the  tips  of  the  comb  and  wattV 
become  blue  and  cold,  the  effect  lasting  several  hours.  It  may  be  pV 
ceded  by  tcmporarj-  blanching.  This  reaction  is  used  for  testing  t  3 
quality  of  ergot  (see  below).  It  is  due  to  ergotoxin;  histamin  prmluc^ 
a  similar  but  much  prompter  effect  (Crawford,  1913);  tyraininisii»cficctiW 
The  mechanism  of  this  cyanosis  i»  not  un<lerstooJ. 

It  hat  been  attributed  to  vtuocoDxtrictiiDn;  hut  the  cyanoai*  dott  not  oocnf  afi 
Other  vMoconttrictor  druB«;  whllH  it  ti  produced  by  paroldehyd  which  towen  bta 
prasure  (Crawford),  by  euntharidin  (Ellinger,  190S)  which  iajurci  capillariei:  anil  ^^^^ 
other  drugs  which  ciusc  voiculur  injury  {\iiigt  h)'podeimic  doici  of  cane-»ugar,  fifiC—-^^^ 
adn,  chromic  acid,  etc). 

Gangrene  Action. — This  is  a  characteristic  feature  of  chronic  ei8^^^ 
ptHsoning  in  man  and  in  many  animals.    It  is  most  readily  studied  ' 
roosters. 

If  ergot  i*  given  repeatedly  to  roo»ter<L,  the  bluing  pcruit*  in  the  tipt  of  the  corot^^y 
and  fraduallyinvulves  the  entire  cvrab  and  the  wattles.    Eventually,  thcw  apHod 
nndttgo  tpLnstene  and  may  drop  otf.    The  eitreinitie«  may  abo  n  tavolvMi  !■ 
experiment,  the  cnlire  wing  fell  uH  after  a  few  days. 

Ki^loloKlc  Chaueea. — \>.  ReekKnghauieB,  1883,  abowod  that  tht  Ufcer 
but  not  the  vcin[,oi  the  gangrened  comb  are  ocdtided  by  hyaline  thronbi.    ThecspB^"^ 
taries  arc  congested  with  red  oorpuKlcs.    These  result*  were  oonfinned  by  Graenlodr' 
1890.    Tliey  arc  Eenerally  referred  to  very  violent  oonatriciion  of  the  uoall  utcricfc 
interrupting  the  blood  stream.    Thin  explanation  it  entirely  hvpolbetical.    Kryiyoifci 
observed  (wmation  of  thrombi  In  ■  variety  of  conditions;  and  It  it  probably  a  rtault  of 
a  toiic  effect  on  vascular  endothelium.    No  hittolopc  changes  are  found  m  the  acuU 
cyanocit. 
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SiMceptibility  of  Different  Animals  to  Gangteno.— /"tcj  arc  quite  susceptible  to  tbe 

gon^icuc  atliun  of  ctKol.  They  rtAtl.cspfciallj-  by  pUJml;if  eruption*  On  the  skin; 
the  e»rs  arc  pttrlicularly  iua:c|>tiblo.  Hi/nri  <itut  oUiU  ?,lioxv  similar  thanKw.  Man  ii 
quite  subJMt  t">  tbe  EJngrtTif.  whli  li  beijin*  in  the  ciltcmiiiei.  The  tingcn,  Iocs,  ot  %a 
CDlire  member  may  slough  ofi.  Do^t  and  rabbits  do  not  sccin  to  be  susceptible  to  this 
■ction. 

The  cause  of  llie  voiyiug  suBccplibUity  htu  not  been  dcmoniuntcd.  It  mny  be  duo 
lo  phj^ologic  pcculiotitics,  or  merely  ta  nnntomic  iHflcrcncoi.  Tlie  )pit>Kfe>^c  always 
begun  in  lho»e  silualions  in  which  tnc  ciKululiou  is  v/tnitetX.  It  diOura  in  no  esientul 
from  gangrene  prtxluced  by  any  other  cause.  It  mny  be  dry  or  wet,  necordinK  10 
ithetticr  liquefying  huctetia  arc  nbM'nt  ur  proent.  Salunt  und  McchI,  1014.  describe  a 
habiuution  tolerance  lo  the  acUon  u{cr);oI  on  the  cock's  comb  and  to  the  fatal  do»c. 

AUmentaiy  CinaL — Injection  of  er^ot  or  crgotoiin  (10  tag.  for  rabbits,  intraven- 
oody)  icsul<3  ill  m;Lrkc(!  IncrMseof  penslalsis  (hrouKli  (be  whole  alimentnir  tract;  and 
inioiCTeaDcdintrstin.i]  motoiiesponse  to  vagus  stimulation  (Mcltzcrand  Ciithcng,  iqiA). 
Tkb  producer  virilvnt  diarrhea  and  vomiting.  The  etncsis,  however,  t^  iatgdy  central 
(Eeeleston  >nd  llalclier,  1915), 

In  chronic  poisoning,  these  direct  cfiects  are  aggravated  by  vntcular  Sta«Is,  advanced 
CMM  allowing  ecchymceis,  ulcer  formation,  etc.  The  utccn  involve  particularly  the 
Ijrmpli  folfideL  in  nhich  the  blood  supply  b  ]K>omt.  Th<^  stusis  may  lend  to  effusion 
m  blood  into  the  lumen  of  the  intestine.  Tbe  appetite  it  loit.  Thit  action  on  the  ali- 
inentiKry  canul  ii  also  nio^t  marked  in  the  onimaU  mcniioncd,  but  occurs  in  others. 
The  iierr  of  roosters  shows  peculiar  dceeneralions,  resembling  amyloid. 

Isolated  Bronchiol  Muscle. — Ergot  has  no  effect  (Titone,  1913). 

Central  Nervous  System. — This  is  affected  both  ilitectly  and  Indirectly,  and  the 
edectii  are  c.-,rtf!p,indinEly  variable.  With  moderate  doles,  the  flow  through  the  cerebral 
v«4eU  i>  uiirt^i-ni.  Sm.all  dotes  mny  cause  medullary  itimula lion  (vagus  slouing; 
incre*««d  rctpir.iii.nti,  cotivulsione,  clc).  Large  doses  of  ergot  cause  death  by  medullary 
parelyiis.     It  b.'  >  n  n.^rcotic  effect  for  roosters. 
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ACTIONS  OF  PURE  ERGOTOXIN 


I 


This  is  concerned  in  the  stimulation  of  the  uterus;  the  vasoconstric- 
tion; ihc  bronchial  coniitriction;  the  intestina.1  irritation;  the  gangrene; 
and  Ihc  vasomotor  reversal.  It  produces  a  powerful  and  prolonged 
peripheral  »iiniiil.iiion  of  .iiiioolh  muHcle,  |)arlicularly  in  the  arteries  and 
uterus.  Large  doses  paralyze  ihc  augmcntarj-  sympathetic  endings 
(myoneural  junction)  which  arc  stimulated  by  epinephrin  (Dale,  1905, 
1906  and  1913).     Verj'  massive  doses  paralyze  the  muscle. 

Boatan  Ut«rtM. — This  U  contracted,  but  requires  higher  conccntralioDA  than  can 
"  clinJCitly  (Licb,  101,1);  Krfirer,  jgi:,  found  1  or  1  mg.  hypodermically  quite 
[ve.  Sharp,  iqio,  however,  claims  that  0.6  me.  contract*  the  uterus  more 
ly  and  powerfully  than  ergol  cilracts  but  that  tne  action  i*  ttw  brief. 

Ywttito  Bffecta.^The  rise  of  blood  pressure  wiih  etKoloiin  is  purely  vascular 
(dimlDiahod  orcan  volume).  The  constrictor  action  is  cxetlcd  directly  on  the  arlcrieii,  for 
Koccurs  elut  Ihe  medulla  has  been  divided,  and  the  vascular  ganglia  excised  or  paralysed 
bynicotia. 

II  now,  during  thi<.  rise,  the  vanomotor  nerves  be  glitnulated — cither  electrically, 
W  by  epincphrin  or  nicutin — n  }iM  of  prcMurc  results,  instead  of  the  customary 
ri»e.  The  efgotoxin  has  therefore  paralysed  the  pcriphcrni  sympathetic  vasoconstric- 
tor BWeiiani&m,  leaving  the  dilator  mcchnni'm  nrli\'e.  Tb!s  wi-rmi'lor  rrvrna!  in  ob- 
tained la  pithed  call  by  0.5  mK.  per  kiloKram.  intrai"enously.  Since  cr^ul  itself  and 
barium  are  slill  capable  of  produdne  a  vasoconstriction,  the  arterial  muscle  can  not 
be  |>aral)'Md;  and  Inc  constrictor  pariu>'»is  would  be  referred  lo  the  m>'<meuial  Junction. 
Thu  also  proves  that  the  constrictor  action  of  crKoIoxin  is  more  peri  pberol,  i,r.,  directly 
on  tbe  sinscie  fiber.  Very  iaree  doses  linolly  parnlyic  this  also.  The  antitRonism  of 
erootoxiB  and  cfilnepbrin  can  alM  he  demonstrated  on  excised  arteries  (Alacht,  1715). 
OU>cractiafisoJepine])hrin./.i.,the[ever,areiiotant)Lgonixed(Claettauid\Vasi?r,  1015). 

Cardiac  Meets.— These  are  slifihl.  In  the  excised  mammnlian  hcnrt,  Wiggers, 
1911,  obier%'ed  diroiniibed  systolic  ccmtraction  add  inirciiwd  tunc  witb  decreased  anjpli- 
lude  and  output.  In  inlnct  animolv,  the  heart  is  mainl)'  alletird  indirectly  by  the  vas- 
cular changes;  Ihe  amplitude  beinjc  fint  diminished  and  then  Eiii  reused. 

IWnnrhwl— — These  arc  scarcely  affected  (D.  E.  Jocluon,  1914}. 
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Ureter.— Erv^ioxin  Inhibiis  or  reverw*  ilie  epLMphrin  slUnulation,  but  don  not 
iuti'rfnrc  with  the  pftrniiynipnthclic  tLtimulftnts' ( Mocht,  1916). 

Sugtr. — Krgoluiin  arrests  thtrrpiiu'phriiianilUieobnMnUiclycosuriBS,  diminijUflKtiMj 
hypcritlyceinin,  And  rcnilering  the  kidnF>-s  less  permeable  to  tugar;  Ui«  periiitmbilityj 
to  chloride  is  not  ufTtcii-d.    The  i-|)ini'i)lirin  diuresb  Is  Mmcwhat  <Jecn&icd  by  It,  bnt 
not  the  ihcobtomin  diuresis  (MicuUcich,  191]). 

HISTAMIK 

This  is  concerned  in  the  uterine  effect  (stimulation)  of  ergot,  cspediJlf 
with  aqueous  extracts;  in  the  cyanosis  of  the  fowl;  and  in  the  fall  of  blood 
pressure  observed  with  sonic  preparalions.  Its  main  effect  is  a  peripheral 
(direct)  stimulation  of  the  rhythm  or  tone  of  smooth  mu.tcle,  var>nn» 
qunntilalively  in  different  Orleans.  The  phenomena  resemble  those  of 
peptone,  anaphylaxis  and  pituitrin. 

Structure.— Its  derivation  (rem  hUtidia  Is  sliown  bjr  Du'fonmila^ 
HC  -  XH  HC  -  NH 

J!  >«  II  >^ 

C  -  N  C  -  N 
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GmuvbI  Actiott. — The  stimulntinn  is  most  marked  in  the  uterus;  the  broncMolcs 
«ie  also  highly  sensitive:  the  intntlne,  artcri^  and  spleen  aielcesaiucepllble;  the  Usd 
der  and  iri^  clo  noi  respond.  The  Dclian  h  directly  on  the  mutcle  (Quagliimellii,  i 
Cardiac  muscle  is  niUilly  slimulutcd;  skcleiil  mu^lc  is  not  affected.  It  bxi  a 
^locarpin  action  on  glands  (Barger  and  Dale,  iQiOi  Dale  Bad  Laldlaw,  1910; 
1910;  Ackctmnnn,  iqio). 

Uterus. — This  is  contracted  in  silu  In  virgin  guinea  pigs  and  lwn.gTvrkI  cats. 
increases  tspccinlly  the  tonus  of  the  excised  uterus  of  cats,  rabbits  and  goinca 
(Rarger  and  Dale,  iQia);  hilt  rcl.ixes  that  of  rats  (Ftichncr,  iqm).    Tba  «ap«inMal 
uf  Kehrcr.  iQia.  and  GuRUfiihcim,  1^14.  indicate  thut  the  lone  01  the  buman  uterai 
nlso  incre-isod:  but  it  wi>uld  h.ivc  to  be  used  cautiously  on  account  of  hi  toxic  cfli 
(respiratory  dislurhanccs  11ml  ronvulsi.ms).     C,  Koch,  igij,  reports  KiceeMful  ree 
in  uterine  inertia  from  the  intramuscular  injettion  of  t  mg.:  Jaeger,  iqij,  fMind  8 
necessary.     Even  i  ma.  produces  some  unpleasant  side  actiaRR;  with  Elective  di 
there  may  be  licatlarlie  and  violent  vomiting.    Its  use  Is  therefore  not  advisable. 
has  little  effect  by  rnuuth. 

Toleration.^As  with  muscarin,  histamin  pMdurcs  its  effects  only  wbeo  a  giveB  coa> 
centrniiun  U  ap()lied  suddenly;  if  it  i»  added  very  slowly  {j.i.,  to  theezdiedatenH),!^ 
Is  inacti\-e.  A){ain.  a  given  concentration  soon  laies  itc  effect,  but  railing  the  concen- 
tration o^ain  induces  cnntnclions.  Simitarly,  rapid  intrftvcaous  InJectloDS  arc  nuck 
more  toxic  than  slow  in{ecllons  (Odlme,  IQI  j)- 

Blood  Vessels. — Hislamin  raises  th«  biuod  preuure  in  rabbits  and  guiiMa  pifB, 
lowers  it  in  dogs.  cats,  monkevs  and  fowls.     The  cnuie  of  theiechssstsbobocure, 
prnhahly  inaloKoui  to  the  rificfiomi-nii  ••!  nnaphylini*  [see  Index).     Tbe  vase 
center  is  not  affected;  hut  the  fall  uf  bluud  pmsure  and  the  rspiratory  diMarl 
usually  produce  modernte  slimulntion  (Pikhcr  and  Sollmarin.  191O.     F.idMd  arteries  ' 
are  contracted,  even  those  of  dogs  and  cats,  which  respond  by  tall  of  blood  prcuure. 
The  constriction  is  shown  not  only  by  the  s>'5lcmic  artcric*.  but  uUo  by  the  coronary  . 
(Barbour,  t^tj)  and  pulmonary  fltercxin,  igi4;  Cinelta  and  Andercs,  1014;  AtKb 
and  Cloetta,  iijil');  but  not  the  liver  veins  (Bcreiin,  iqi»).    The  constriction  of  ' 
JurjC  vfstrls  Is  removed  by  atropin  (Beresn).     Living  tinirnalt  thovr  increased  pr 
in  the  pulmonary  artery-,  with  dimini.vhcd  volume  of  the  tune,  and  usually  uschan 
preuure  in  the  systemic  nrleriM  (Cloetta  and  .'Vndcrca).     This  indicates  eonsttictio 
of  the  pulm"ri;iry  vevicls  (.\nder«.  iq  15),     Baehr  and  Picit,  1913,  touad  ua  eflccl  ob] 
the  veascli  o!  perfumed  lung. 

The  paradoxical  heha\'ior  of  the  blood  pressure  and  excised  arteries  ha*  not  l_     _ 
cxplsincd  (Dale  and  Laidluw,  iqio  and  1911).     Similar  inconsi*tenc>e*  occur  io   tb«* 
blood -pressure  changes  of  peptone  injection  nnd  anaphylaxis  (ithich  see).     Tbe  fall 
is  probably  a  part  of  the  general  collapse,  with  luxumuUtioD  of  the  blood  in  the  taifa 


ERGOT 


J63 


vrinsof  tlie liver  (Pesrcc  and  Eigenbrc>';  Edmunda,  iqij).  Mautncr  and  Pick,  loif, 
comitki  the  lun^  iind  livw  ves^tb  .ts  unini|iortmit  cUmcol*  in  the  "sbiKk,"  »incc  their 
Tuclloa  varies  in  diUcrvnt  S|)ccics.  TliL'y  ailribuie  Ihe  t-A}  ot  ptmurc  to  exircroe 
spasmodic  cootnivtion  of  the  intestinal  atterioln,  muUing  in  impcrlcl  leliim  of  the 
blood  (a  the  heart. 

Heart. — The  isolated  frog's  heart  is  slowed;  the  perfused  mnmmalinn  head  shows 
a  lliart  and  slight  slowing,  followed  by  considerable  quickening  with  increaicd  eieunions 
(Einei,  igij). 

CoMguUbUity  of  the  Blood.— This  is  not  aSeclcd,  in  dbtincLion  to  peptone  (Dale 
land  Loidlun'). 

Cerebrospinal  Fluid. — This  is  under  higher  tendon,  due  simply  to  the  B«phyxisl 
effect  of  the  broDchoconstriction  (Dixon  and  HuUibtutoa,  1914). 

BrOdcUoleB. — These  are  strongly  constricted  by  peripheral  stimulation  (D.  E. 
Jackson,  1914),  so  that  the  lunss  bloat  as  in  .inaphvliutis  (Bnehr  nnd  Pick,  iqi  j). 

Inteatlnes. — llistaiuia  prooiiccs intense  stimuta'tlon.  This  ia inieohified  b.v calcium 
Balls  (Vanysek,  1914). 

Skin. — .\ppli^  to  the  scarilicd  skin,  a  few  drops  of  1:1,000  hiftamin  produces  a 
local  pnltorj  then  a  spreading  urticaria  and  crylhenia  (Kppiniter,  igij).  The  urticaria 
is  also  obtained  by  the  hypodermic  injection  o£o.;  to  j  c.c.  of  m.ooo  solution.  A  very 
timilar  rctction  is  produced  by  niorphin;  tj-rnmin  i«  indTcctive  (Sollmjinn  and  Pilcbet, 
I(|I6). 

TYRAMirt 

■  Thb  is  concerned  in  the  vasoconstriction  but  probably  not  in  the  other 
effects  of  ergot.  It  stimulates  the  sympathetic  (Quagliaridlo,  1914)  very 
similarly  to  epincphrin,  except  that  its  effects  arc  more  prolonged. 

■  Cbcmistty. — Its  relation  to  tyroiin  and  eplnepbrin  arc  shown  bj'  the  formulM! 

■  It  MCuiA  comoioiJy  in  the  products  of  puirefactinn,  autolysis,  and  fermentation;  and 
H  mutt  Ibetetote  be  present  m  the  alimcotary  trucl.  It  wiu  isolated  from  etgul.  and 
m    prepared   lyntheticidly   from   hordenic   (its   dimethyl  dcrivativcj   by   Barnr,    1909. 

FuTlbcr  syntheses  were  m^xde  by  Barncr  and  Warnpole,  loio.  It  occurs  also  in  the 
coalman  American  and  Euro|)ean  miatleloes  (Pboradendron  flavescens  and  Viscum 
albom).  It  but  not  been  demonstrated  in  other  species  of  Pboradendron  (Crawford, 
1014;  Ostcnbcry,  1915).  It  constitutes  the  "sniivar}'"  poison  <i(  certain  cephalopoda 
(Hffige,  191^).  In  the  body  a  part  I*  converted  ioto  para-hydroxvphenyl acetic  add. 
Tliitdiange  It  alao  effected  by  suri'iringliveranditterus:  it  is  completely  destroyed  by 
Ihe  isotatd  bearl  (F.wins  and  Laidlaw,  1910). 

Acdooa. — The  rcMimblanco  to  epincphrin  was  shown  by  Dak  and  Dixon,  1900. 
It  contracts  certain  smooth  muscle>artertes  (also  the  eidsed  toronarj-.  liarbour,  1913), 
qileciL,  frog'*  Htomnch,  rabbit's  utenu,  gravid  uterus  of  cnt;  and  bronchiole*  (Itncnr 
and  Pick,  191J;  Colla  and  Syraea,  191J).  It  Inhibits  others — mammalian  interline. 
DOO-cravid  uterus  oi  cat,  etc.  (Kuaffl-LenK  and  Pick).  Tbe  inttjlitui  are  stimulated 
in  raUicbt;  rdaxed  in  doss;  Bnt  stimulated  ond  then  rclnicil  in  cats  (\'3n>-$ck,  1914}. 
TliefC  is  aliS  oondderable  confusion  a»  to  the  ulerinr.  mlion  (BarRer  and  Dale,  1910. 
6ikd  DO  effect;  Lieb,  1914.  some  stimulation);  and  as  to  whether  the  effects  are  central 
or  peripheral  (Len«  and  Pick).  The  ito«f  ^rcMnrr  rises  and  the  heart  is  slowed  rcfleily. 
The  rise  but*  two  or  three  minute^.  It  U  purely  vascular  (diminished  kidney  and 
intMtliul  volume  and  decreased  vein  flow;  BIckcl  and  Pawluw,  ifjii).  It  does  not  blue 
the  comb  of  the  rooster  acutely  (Crawford,  191.5);  nor  produce  ganKrene  on  repeated 
injorlion  (Bickel  and  Pawlow).  Itarvcy,  1911.  asserts  that  iong-conlinucd  adminii- 
tralion  to  rabblta  producea  arterial  sclerosis  and  chronic  nephrltl'..  The  ierthto-tpinal 
frtattn  varies  wilk  the  circulatory  changes  (Diion  and  Ualliburion,  191.1.  igi4)' 

TyraniinnotajoniiestherMpiratorydcprcsiion,  but  not  the  other  elTccts.  of  MorpAiH. 
In  man.  16  mg.  o4  mofphin  reiguirc  40  to  50  ing.  ot  lyrauiia  (Barbour,  Maurcr  and 
CUfan,  1910). 
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nieraimitk  Dsm^ — Tytandn  [N JI.R.)  fau  been  iried  5  to  lo  nig.  (^t  to  H  a. 
hvpodcrmicKU/)  oguiut  coUap«c  ooDdltlons.  OnU  admlBittration  ia  sua  tinct  at 
likKod  pKssurc  very  littk  {Sharp,  1911);  l>ut  *'■()>  ii)-pockniiic  uijectMM  oi  ra  Una 
mg.  tlic  rite  U  cotwidetable  and  |>rulunged  (A.  Claclc,  1910;  Hoyt,  lou).  Htioam 
191 1,  rtganlsit  ua  complete  suMlitutc  (or  rreot  in  laboci  thJi  would  iMl be ojiecwl 
(ram  the  cxpcrimi-nUl  dtt.i  and  i«  denied  tn-r.uR)(cnheim.tqi}:F^iirp,  igii.and kAw 
It  Is  certainty  not  n  Eiibsiituic  for  emol.  Bickd  and  Pawlt>wiugg<st  that  it  an^tltiin 
poalpnrdim  hcmorrhaKe  by  vjivxi>n»lriction, 

It  Is  not  an  eEFuctive  local  hemoiutk. 

PHENYLETHTtAMIN 

TbiA  eecilfS  In  putild  meat  In  formula.  CaJii-CiIItKHi,  U  related  to  qvlnrpbria. 
Snail  dwea  stimiwte  tlie  cudiac  nmsuli.-,  Ihtkc  duf^s  dri>resi.  All  doacs  natnei  ite 
coronoi^r  vetscU;  thi*  f*  (oHowed  by  iduxation  with  large  d««e*  (BaibOTif  aad  fwtdi 

'9'S)'  ,._ 

Botbour.  1916,  boi  nude  a  compiuaiive  study  u(  tbc  >ympUb(KainM(lc  and  antf 
octioot  of  a  Dcriet  of  pbenylethylamin  derivatives. 

nroOLETHYLAMm 

This  sUmulatM  plain  muiclci,  cipecially  thv  orterire,  Im  and  utenik  It  ifctto* 
ttimuknl  ccntrnl  clfccti  ILu!dUvr.  191 0'  Perfiulon  through  excised  liver  cciVrtrC* 
It  inio  indolacetic  tidd.  Dogs  cxcieic  jo  per  cent,  as  Indotaccluric  aidd  <E«iniiM' 
Laidlaw,  igij). 

PARAPHENYLENDUMIH 

Thi*  i*  cxtcnuvely  used  foe  d>'eing  brown  and  block  fun.  The  irenrinR  ol  ihCM*!!*** 
causea  dcrmnijtii,  ptobabty  by  the  formation  of  sa  Initant  intermediate  oiidillt» 
product,  such  u  chlnoiL-diclilor-diinun  (Olson,  1916). 

Hypodermic  injection  of  75  ms.  per  kilogram  body  wd^t  produce*  chcDMsK*"*^ 
junctivd  irritation.  Increased  ociuar  preMut«  and  cxophtbalmoa.  Tbe  effect*  occur 
when  the  cervical  Rympathctichu  beca  divided,  and  iti«  probaUy  caused  by  cindtl^y 
disturbances  (Trocll,  1916). 

ERGOTDnC  ACm 

This  has  a  typic*!  tapoioxin  aciion.  Taken  bv  the  mouth  it  product*  no  rf**" 
beyond  local  imiaiion,  us  tapoiuxiat  are  not  absoiDed.  If  injected  subcutaaMVly  *" 
intravenoudy,  it  mil  produce  patalyu*  of  the  central  nervous  system  and  o<  pralof'*^ 
ecaerally.  It  »UKS  a  peripheral  paralytis  of  blood  vCMcJi,  and  thereby  lo«c«  ^*^ 
Uood  pnssure, 

BORDENin 

ThU 

Camus,   1Q06.     iimall  dose:!  alimulate  the  vogu*.    Larger  (iascx  paialyie  the  "^^^ 
center,  quickening  the  heart  onil   nutinK  the  blood  picsture.    The  branchialcs    ^ 
dilated  by  stimulation  of  the  »-inpathetic  endi^.  SuAdCBlty  powerful  to  anta|0>J^f 
most  conitricior  Anigt.  <!>,  E.  Jnck«an,  1914).    FalAl  doMS  puulvae  ropiration.    "^Ijl 
substance  is  not  very  luetic.    It  has  been  uwd  (o,j  Cm.  per  day)  la  beaii  ditease  *^j| 
di(;estive  drTanRementt  [Sathiucs  and  Oucrine,  1909).    It  acrCSU  dianbca  la  **^^ 
(30  lo  40  tog-  pec  kg-,  hypodcrniirally;  rharmoy,  1911),  j 

PTOMAIN  POISOmWG  J 

The  catct  of  poiMning  obtcr\-cd  as  a  result  of  patUklaK  of  more  or  las  lajg*^ 
utklaa  of  food— Muaages  (bottilismus  and  olbnliasu).  meat,  milk,  ioccnant,  chc^^ 
coraed  beef,  etc,  and  with  tome  siKrimcns  of  mutscls  and  oysters — are  due  to  ~2 
development  of  ptomain  pioducb.  In  the  fonner  cases  these  arc  deveh»ptd  by  pi*  *  , 
faction;  in  the  latter,  probably  by  disease.  _itA 

Many  d  these  ptomalns  have  been  isolated  in  cr)'slalline  form,  and  arc  •ell-dcfc'^^ 
compounds  bclongine  to  the  amin  serin  (Barger  and  Wdpole.  1909;  Barxrr  aad  I 
1909;  DiioD,  totj;  Hanzlik,  1916).    Their  phormncologic  actions  arc  on  ineaut 
system  >' Blank enhorn.  Harmon  and  Hanilik,  1916). 

Uremic  Bases.— FoMrr,  iqij,  reports  that  the  mcthcKls  cA  isolating  organic  I 
when  applied  to  uieioic  blooa,  yields  toxic  substances  that  arc  not  present  ia  1 
blood. 


ttis  b  an  olkoloidol  amin  derivative  (p-hydroxy-phcnytethyl-dtmetbylania}  "^ 
]  by  I'Cger,  lyod,  from  germinated  barley.    Its  actions ncre studied eapecUiy^^ 


ii  rare  in  nun.  but  may  occur  by  Mtcmpu  at  abortion.  The  ^mptODuara 
iting,  diixfrhca,  vcclig»  aod  confuiion,  pncordial  dlAtns*,  dyvpnea,  miucuiar pwiu, 
paiatbnias  aad  uie»tli«ajii*,  di>iutb«r»^«  of  vixion  and  speech,  cpil«ptald  coavul»lons, 
tmaii  pitiM,  loM  of  canscimisnei-s.  In  i>rnctuncy,  uterine  hctnorrluM  and  abortion 
of  the  dra'l  tetut  are  froqucot.  Rtcoven-  aflei  levne  poiionjoj  may  tnte  KVcral  days. 
Ro«cnUooin  and  Schitdeckct,  igi4,  nave  isolated  ergotlnln  cry&tals  from  a  palleat 
1  of  acute  ergot  poiionin^. 

CHRONIC  ERGOT  POISONING,  "ERGOTISM" 

This  is  now  mainly  o(  historic  intereitt.  The  initial  symptoms  arc 
lirly  uniform  but  these  duvclop  intu  two  distinct  types,  the  ganRTcnous 
id  con^niLsive.  Theiic  are  so  dissimilar  that  tltey  were  luns  classed  as 
~>iiratc  diseascft.    Toward  the  end  the  symptoms  become  similar. 

HlMericaL— Entoilim  woa  formerly  wry  trequeet  endemically  in  couequence  of 
^_.'  pretence  of  cr^ot  in  dour,  and  the  popuUtion  of  iaise  tract*  of  country  luvc  been 
K^Aoned.  Tbc  litat  lurge  epiocmk  b  the  United  Slalei  occurred  in  New  York  in  tS«^. 
&(M:e  the  cause  has  been  recognised  these  epidemics  have  been  Icis  {rc<|uciit.  but  in 
'  ,  tliey  »till  play  quite  an  important  rAle  (Scbmock,  tSg;).  A  comprchen-slvc 
ioa  of  the  history  ol  cncot  Is  giveo  by  Kobcrt,  t88g. 

na.— The  ioHiai  stace  u  utheraf  tn  by  JiitMbaiK*  of  ihe  peripheral  •encory 
atus.  Tticre  ufarmkalioH  in  the  iikin  and  variouiiolhcr  dulurbnncc*  of  cuinntoui 
iticn.  nyprrntieHa  «>irf  attf»thaia  exist  at  tl»e  some  time  in  dtlTerent  parij,  oe 
L  In  the  same  pirt,  the  »ktn  beini;  hyperesihetic  to  tome  fomu  of  uliraulation  and 
Bthetic  (o  other  formii. 
Tittae  dbtutbaocta  <si  acnsallon  Ar|Jii  ijl  lit  nJrrmitift  onJ  tprtcd  upmofi.  Thi* 
AatribntkiB  faron  the  view  that  they  are  manife^iALiom  of  chan^  in  the  circulation, 
d»oe  ihoe  would  make  tfaem>elvc<  felt  firtt  of  \l\  in  the  cxlremitic*.  The  disturbance 
li  seBaationa  abo  involva  the  allmtnitajy  c«nal.  There  is  apt  to  be  at  once  totMietis 
b«(«'  mJ  Uis  cf  apptiiU.  Ditietiion  h  much  imiwired  on  account  of  the  ditlurbcd 
lirculBlion.  DUrrhca  and  vomiiins  are  very  conimon.  The  vomiting  it  parity  due 
U  thcdtelurbfddrculalionand  partly  lu  the  action  on  Ihc  center.  Theceatralseasofy 
4pwMn  also  sboira  chance*  at  thit  time.  There  ii  viidctit  and  pcniitent  headache 
M  cmiral  dinurhancet  of  the  tpitUl  ttnui.  The  mefer  syBtein  also  benini  to  show 
I  tymptoQis, such  at  lipi'lcAi'jiir  and  tremors,  most  roarkedln  the  extremities  and 
itoocne. 

laHtMMeflectsofcrKot  it  isexlremrlydilhculttotaytowbiit  extent  the  phenomena 
'  caused  by  tbe  central,  and  to  what  extent  by  peripheral,  actions.    They  are  prob- 
tUy  largely  dependent  on  dUlurfaancn  in  circulation,  and  ihenc  may  in  some  cases  be 
Mte  prMninent  En  the  ccniral  nervous  lyatceai  in  others,  peHpherally. 

At  this  point  tbe  sensory  symptom*  haw  reached  tlieir  acme,  and  do  not  become  any 
"me,  but  persist  at  they  have  been  described.  But  the  motor  phenomena  go  on  In* 
2*aiia(;  the  twltchinRi  pais  into  ipttnu,  and  then  into  permanent  and  often  very  paln- 
|d  eaafrocftim.  Alw«n  bei^ninB  at  the  extremities,  they  involve  the  terminal  pha- 
hHa  uf  ibe  finger*  and  atccnd  to  the  other  joints.  The  facial  musdes  also  participate. 
^  im  of  ibrsa  conlraciurca  shows  that  tlieir  origin  Is  centfal.  They  are  not  ab- 
™<Ul)r  ptrsiiirnt,  but  tutforabout  half  an  hour;  then  poMoff  for  a  time,  and  reappear. 
™  b  vrri-  diflerene  from  apauns  of  peripheral  origin,  such  as  Ihoie  of  Icad-poiMning. 
^tmooth  muscles  may  auo  participate  In  these  contractuies;  e^J>eciatly  tnat  oi  tM 
"■wti;  to  that  there  may  be  mwlnnlary  evacuation  of  tbc  utlne.  UHrimus,  etc. 

tU  lulae  is  always  iati  on4  tmail,  imintlnn  to  »  blKh  blood  prtMure.    Its  fre- 
Vt^y,  kowevcr.  Is  wtable.    It  bi  usually  ^luw,  due  probubly  lately  to  the  hl(h 

^*  (u  the  symptoms  ih>c  iniiUI  siatce.  arc  common  to  all  the  dUTercM  forms  of 
nMiB-iliey  can  he  accounted  for  partly  by  the  changes  in  tliedrcHlallonand  partly 
7>t  dlnet  action  of  the  ergot  principtc*  ihemKlvc*.  In  the  second  Mase  the  drcu* 
^^l  iltuurbance*  become  more  marked.  'J  he  phenomena  already  seen — the  dia- 
*°«acet  ot  icpsaiioa  and  the  coatMclures— persist;  but  to  these  are  added  wtotMlary 
?|<t»4ue  lo  ihc  protonxed  slowfnt:  of  the  circulation.  These  may  be  mott  marked  in 
'■•Kial  nervous  system  ot  in  Im  extremities.  The  former  rive  rise  to  the  so^nlled 
?'*<'•(  /prm  tt  ergotism.  The  predominance  of  stasis  in  the  extremities  produces 
*»«pwaaM/»f>i. 
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Why  on«  action  should  prfdomfnalc  In  tome  indivIduAb,  ard  aoothrr  sctloD  iaj 
others,  cannot  tic  c.ipLitncd.     Pcrhnpi  then  may  be  »oine  di^crcnccs  in  the  anatonua 
arrannmfnl  ot  ihv  bt'iid  vessels  or  cilcnt  of  the  innervation. 

(A)  The  gangrenous  (orm  may  h«.ve  been  inUitaled  tamewhiit  eariier.  Puatuln 
may  have  formed  in  tbc  skin,  which  arc  due  to  this  defect  of  diculntion.  In  mnrc 
tnurked  degrees  it  a[^(^c(s  the  cilrcmilic^  The  entire  member  may  be  Eovolvcd  in  the 
^ngrene,  whichdiiEersincorespcct  from  any  other  eiuigreaeiit  has  it* Itneof  demarca- 
tion, iind  may  be  vet  or  dry  according  to  bacterial  infection.  Tlic  finger,  toe,  or  limb 
may  stough  away  without  btei'iling. 

(B)  In  (he  spasmodic  form  tie  contmctures  imiu  into  <oni<:  and  (Ionic  torendntmi  orj 
tplti'ptifonu  ipiMKii.  Since  any  part  of  the  central  nervous  *j'ilem  may  be  allcttcd,: 
tlie  exact  symptoms  may  be  extremely  variiiblc.  It  may  be  rcg.HMiteil  Uut  they  are  dua 
to  n  defective  circulation  in  the  central  ner\'uu5  s>-stcni,  nhidi  leodx  to  Ktimulation  and 
then  to  paralyfiis.  Both  forms,  the  gangrenous  a$  well  a«  Ihe  t^pasmodlc,  arc  tber«fora 
due  to  chanires  in  circulation,  and  are  determined  by  the  erBoluzin. 

The  treatment  of  ergot  poisoning  C3n  be  only  symptomatic. 

DETESIORATIOH 

The  ergot  alkaloids  and  amins  are  rather  unstable  substances;  and 
it  has  long  been  observed  that  ergot  loses  its  activity  willi  age.  Ergotism 
is  said  to  have  otxurred  only  during  the  first  four  months  after  har^'cst 
(Poulsson).  Many  pharmacopeias  therefore  direct  that  ergot  must  not^ 
be  older  than  one  year;  but  ihe  fluidextracts  on  which  the  reputation  oi 
ergot  is  mainly  based,  have  probably  all  been  aged  for  a  year  before  " 
sold  (Eldred,  1913).  The  alcoholic  preparations  probably  keep  I>etteivl 
but  no  exact  data  are  available.  The  activity  of  ergot  should  therefore 
be  ascertained,  at  least  qualitatively,  by  bio-assay. 

Usinff  the  cock's-comb  t^t,  Ho&kell  and  Kclcler,  1911,  found  that  the  actirity  of 

the  fluidcxtract  remained  practically   unchanged  (fir   [wo  and  one-half  year*;  thcAj 
deteriorates  (.'"dually, so  that  il  !ia5  (alien  lo  about  one-half  in  three  and  ooe-luU  ; 
Special  proprietary  preparations  are  very  unreliable. 

BIO-ASSAT 

The  complex  composition  of  ergot  nukes  chemical  assay  practically  oat  of  the  qtie»> 
tion.  The  wme  objection,  but  to  a  leaser  degree,  holdfl  for  the  hio-as*»y  (Ednoiui*  and 
Hale,  1911).  The  ideal  would  be  to  measure  the  therapeutically  dtoinbli*  eSocUi 
but  it  is  not  certain  that  any  of  the  pr«cnt  methodi  sccompliih  this  remit.  Tlie 
9acVi-(«nh  It-xt  is  the  most  widely  emiiloyed  and  probably  the  moit  satiifoctory.  TUa 
reaction  was  described  by  Loiinser.  1814;  used  experimentally  by  Grucnfcld.  1801  aii<l 
t^S,  under  Kobert;  and  applied  commcrdully  by  llotuchton,  tS^S.  The  detail*  arc 
described  by  Edmunds  and  HhIc,  ton.  and  in  U.S.P.  IX.  It  cqtlmatoi  mainly  the 
crKuloxin,  but  is  also  afTecled  by  the  hislamiQ.  Its  results  aftrec  very  doKly  with  I  ~ 
more  coroplei  ulerinr  method  of  Edmunds,  190S,  Another  uterine  method  b  desctib 
by  I".  K.  Stewartand  I'iltenger,  loi.i-  Dixon,  190^1,  and  Wood  and  Hofcr,  1910,  propo**^ 
tuc  UfHid-prftsiirt  rise  a^  a  tpst;  but  (his  gi\'es  conflicting  tesull3i  u  might  be  ripccud 
from  the  opposing  actions  of  the  constituents. 


PREPARATIONS — ERGOT 

&(ora,  Xr.S.P.,  B.P.;  Ergot'   (Secale  comutum).— .\  fulUMns  nowth,  Chi 
purpurea,  from  rye.     Generally  collected  in  Kuisia  or  Spain.     SboulJlliOt  tMoMer  I 
one  year.    Dote,  7  Gm.,  jogr.,  U.S.P.;  t  to4Gm.,  15  to  6ort.,  B.P. 

EjU.  Ergot.,  U.S.P. — A  pilular  extract,  prepared  bydefatUag  ergot  with  beBxiD. 
extncttno;  with  acidulated  aJcohol,  and  evaporating^    Dote.  0.15  Gm.,  4  gr..  U.S,P 

/%«(.  krgot.,  B.P.;  Ext.  Krgot.  Purif.  (Ergotin  Bonjcan). — A  10ft  watery  cxtrmct, 
puriiicd  by  partial  prccipilaiion  with  alcohol.     Doie.'s.ii  too-j  Cm.,  jloBp. 

/ii-j^ud'n.— This  name  has  been  applied  to  very  different  preparKtiono.    Tfcey  »rc 
derincl  in  N.V.R. 

Uaxkcll,  iqi4,  found  that  "ergolin*'  and  powdered  extract  produced  all  the  t] 

>  From  the  Pmich,  "enut."  a  vuck'i  >{nu.  wbicb  >I  rmmbla  in  kppeMsM*. 
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^^t  (hat  the  cSccU  on  the  ittenig  arc  weakened  much  more  tl)i>n  thoK 

eehm  Ergola  (FIiImI.  Etgot.),  U.S.P.— Prcpnrcd  with  nddulntcd  dilute 
■kobol.    Dote,  1  c.c,  10  minims,  U.S.P. 

"&*,  &j;(it.  i)if.,  B.i'.— An  uqueous  solution,  preserved  with  alcohol.  Dote,  0.6 
to  1.8  c.c,  to  to  JO  minims,  B.P. 

/y.  &(■>!„  B.P.— s  P"  wi'-    ''mc,  30  to  60  c,c„  1 10  1  ounces,  B.P. 

*/■»;«(.  Kr/irf.  //y^„  B.P. — 33  per  cent,  of  KxL  ErjtoL,  B.P.,  pte9er»-ed  with  i  per 
cent,  of  phenol.    Doit,  o.j  to  0.6  tc,  5  to  to  minims,  B.P, 

Tr,  Rriot,  Ammtti.,  B.P, — 3$  per  eenl.,  with  dilulc  alcohol  and  ammonia.  Dost, 
3  to  4  ec,  M  to  I  dram.  B.P, 

Efffiliniua  Cliriu,  X.N.R. — The  weaker  allmloid  of  ergot.  Dose,  o.j  to  0.6  mg.. 
Ho*  H^-r  hypodennlcalty,  X.N'.R. 

Uttthfa  Maydit. — Com  Smut. — A  fungus  annloKom  to  Ergot,  fotinii  on  the  corn- 

Elanl.  Little  ia  known  nbnuc  its  composition  or  action,  nltbough  il  has  been  employed 
y  the  D«|troM  [or  abortion,  and  slock-nuserg  have  aleo  ob»crve<l  that  It  has  an  ccbolic 
eHecl.  Robert  states  that  it  doei  not  produce  the  enjot  action  on  the  cock'*  comb. 
He  muM  have  worked  with  old  sumplcs,  since  the  aullior  otit.iincd  the  typical  darken- 
ins  from  wvera]  different  samples.  However,  the  action  is  finite  weak,  and  iho 
drag  doct  cot  deserve  much  attention  unless  it  should  be  possible  to  isolate  the 
principles  In  more  active  form.  It  [joa&esscs  re^os,  such  as  form  the  active  principles 
irf  ersot. 

Coisypii  Radictt  Carlex,  B.P. ;  Cotton  Roo  t-bark. — The  dried  toot-bork  of  Gossyfuum 
berbACvum  and  other  S|>eclcs.  This  also  wiis  u»cd  as  abortifacicnt  by  Ihc  negroes.  It 
codlains  mlna,  but  no  alkaloids  nor  tannin  (Power  and  Browning,  1014, 7xllner,  1910). 
Qiaicsl  and  ciperimenial  reports  are  not  favorable;  the  perfuseci  uterus,  however, 
b  (timulaied  (Scott,  igit). 

Dte.  Gotiyp.  Rod.  Corl.,  B.P. — so  per  cent.     Dast,  15  to  60  c.c..  j.^  to  i  ounces,  B.P. 
F.xi.  Goiiyf.  Rail.  Carl.  Liq.,  'R.V.—Dint,  i  to  4  c.c^,  H  '"  '  'I'"'",  B.P. 


ECBOLICS  (OXYTOCICS)  AND  EMMENAGOGUES 

EcMici  are  remedies  which  stitniiktc  the  gra\-id  uterus  to  the  expul- 
sion of  the  feius.  When  used  in  the  non-gravid  condition,  ihcy  often 
increase  the  menstrual  flow,  and  are  then  called  Emmenagogues.  Besides 
tie  Er^t  group,  one  may  count  here: 

I.  An  drug*  which  produce  coDgeslioa  of  tb«  abdominal  organs.  This  generally  ex- 
icads  to  the  pelvic  organs  as  well. 

I.  AU  Draslk  Puiiativrs. — .Mocs,  Jfyirh,  etc. 

».  Irrilant  ValaiiU  Oils,  esiJccially  Savin,  Thyme,  Pennyroyal,  and  Turpentine. 

jj.  All  other  InUstinai  InUanli;  t'antharidcs,  Quinin,  DigitalU,  Melals,  etc.  A 
SinularactionbalioclaimcdforBorAK,  but  may  lie  c'>n^^idcrrd  doubtful. 

It  muit  be  remembered  that  these  irritants  produce  their  ecbqjic  effect  only  second- 
arily to  a  gastroenteritis.  The  latter  may  be  so  violent  as  to  be  faUl  without  accom- 
plishing the  deured  result.  They  should  not  be  employed  for  ecbolics,  but  at  matt  as 
cmineiiagDnics. 

4.  Appltcation  of  heal  or  counterirritants  to  pelvic  region  or  feet;  hot  foot-  or  hip- 
baths, miutard  plasters,  hot  irrigations  of  the  vagina,  etc.  These  milder  mcastucs 
arc  ojily  emmenagogue.  Ulicn  nutrition  is  low,  they  may  be  greatly  sided  by 
UmUt. 

II,  AU  druK«  which  ktimulale  uu^tilpeil  muscle — Muscarin,  Nicotin,  Pilocorinn. 
Pliy»o*liEmii).  Hydrsstis,  etc— may  act  ai  ccbolics,  but  can  not  be  used  in  practice. 


UTERINE  SEDATIVES  AND  HEMOSTATICS 

A  number  of  drtigs  of  ill-defined  actions  arc  popularly  credited  with 
'quieting  the  excitability  of  the  uterus,"  especially  the  pains  of  prcma- 
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ture  lahor;  with  contracting  oa  uteri;  with  arresting  uterine  bcmarrlt&Ke; 
with  regulating  dysmcnorrliea,  purlicularly  at  pubcrly  iind  the  climacteric; 
and  even  with  correcting  uterine  malpositions. 

It  it  difficult  to  conceive  a,  mci-hnriim  by  which  a  drug  could  produce  all  of  tliCM 
oclions  except  Ihrougii  the  imagination.  Mnny  of  these  comploinu  &rc  (0  oncertafai 
in  th«i[  courii:;  and  indci'd  su  lart'i^l>-  nctvuus,  tluit  it  Ii  easy  lo  imagine  Uiy  rcsnltt 
that  are  desired.  The  use  of  these  remcdici  wns  mostly  toJccn  Erom  uocrlaca]  folk 
mtdicine  and  ]iromu!|;at«d  by  obscuxe  and  ill-trained  |>niCtitioDrr>  during  tbc  mWC 
uncriticnl  period  cif  ihcrnpcutics.  They  owe  their  cnntinuancc  in  the  phumacofidt 
mainly  lu  Ihi-ir  extensive  uec  in  proprietary  "female  wcakncu"  reinedMs.  TlieM  in 
turn  rely  fur  their  sale  on  the  liberal  use  uf  sleohol  and  exagKCialed  Migyalirr 
odvertiiini;. 

Under  thcic  circum«Iancc«,  there  in  prnctic&lly  no  serious  evidence  for  tlie  eliaical 
uipfulnesi  of  these  dnijcs.  l''xce|)lin);  hydrustis  and  cutarnin,  wUch  beloBf  lo  K  *OB)e- 
nhnt  (tilTcreot  doss,  there  is  no  record  of  anv  competent  clinical  inve«tustian  fa)' expefi- 
tDCtd  critical  observers  under  hmpilal  condlllons.  The  clinicul  cases  leal  are  publiiJied 
ore  itencrally  very  luperfieiully  recorded;  they  generally  show  evidence  o(  prejudice  altd 
etaxgerntion;  and  ftre  often  vitbled  by  the  simultjiiicaux  um  of  other  meMurc*  td  mote 
evident  value. 

Bsperlmenlal  Investigalions.— rharmaeologically,  moat  of  the  drugs  of  (Us  cUas 
MC  prftC^CftlI>'  inert,  especially  as  concerns  the  iitcrut.  Since  the  excised  uterus  reacts 
casenlially  like  tlie  uleni'  in  i-i^n,  Ii.  mny  he  f»irly  l.iken  as  an  Index  of  uterine  •cltvitv. 
Pilcher.  1916.  has  investigated  in  this  way  the  drugs  which  arc  used  moat  commanl; 
In  theic  female  rcmedlei.,  employing  the  relatively  very  high  concentnlions  ol  t;r.ooo 
to  1:500. 

He  obtained  no  definite  effects  v-ith:  Chamaelirium  luleum  (Bctooias  dioiea/: 
I.conurus  cordiacn;  PoHillora  dcntata;  Mitchclla  rcpciu.  Chestnut  bark. 

The  following  gave  mure  ur  less  pronounced  cnects  (but  not  sufGdeat  to  codIuri 
any  therapeutic  value): 

Slight  Depression. — \'alctian:  Dioicnrca  villosa;  Alctris  Inrinou;  Icbthyomellus 
plscipul.i;  t'ltisjiillu  jiralriihiii  Cypriiiedium  piibesccns;  Sculcllari*  lalcrlfolU;  Scro- 
phulariik  mnrylandica;  Senecio  aureus;  Viburnum  opulufn 

Inconstant  Stimulation. — AccrspicalumjCnicusliencdlctus;  VibuniiirapraaifallalB. 

Constant  and  Marked  Increase  of  Tone.— Cautophy Hum  tbalictniide». 


VIBURNUMS 
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Viburnum  pruntfolium  and  Viburnum  opulus  enjoy  the  wtdnt  npalatlOB  f"™t" 
the  uterine  ^edativcf,  and  for  tliat  reason  deserve  more  detailed  dtscussMO.  alUiei^ 
their  u^efulne^  ii  no  mure  demonstrated.  IllustraUvc  uf  this  b  the  (act  thai  tlicdlUK 
loldas  Viburnum  opulus  has,  for  the  last  twentyyears,  consisted  of  the  bark  ol  a  nupl«, 
Acer  spicAiiim  (Farwell,  iqij.  and  others). 

Viburnum  pruiiiloliuni  or  Ulack  H.tw,  n  rsther  common  shrub,  was  used  SOiatwkal 
in  domestic  medicine  (Lloyd).  It  was  tnlroduced  into  medical  practice  munly  by  Ifce 
clinir.nl  papers  of  Phures,  181^6,  nnd  Jcnki,  i&y6.  Both  praise  it  with  dtravacant 
cathuiiaAm.  The  uett  ten  years  were  the  high  tide  of  Its  popularity,  U  judcM  by 
on  output  of  7;  arlicles  on  the  subject.  The  interest  then  abated  cqualty  sudiSenly, 
for  the  next  thirty  years  have  produced  only  some  15  papers. 

The  whole  eurly  literature  ii  h ighly  typical  of  the  IckiksI  claasof  clinIea]"ev]ileDc«," 
and  doci  not  merit  serious  discussion.  The  mechaniseo  of  its  reputed  action  is  at  most 
a  matter  of  speculation.  The  only  attempts  nt  invcitigation  dntc  from  R.  1_  Payae, 
1S88,  and  Sherman,  i8u6,  and  those  did  not  include  the  uterus.  They  tbowed  al  most 
that  very  lirge  doses  may  produce  depression  of  the  whole  nervous  sysleat,  sritbout 
practical  (ignilicance. 

La  Torre.  1911.  iuterprels  the  histologic  picture  as  contraction  of  Ibe  nicrus,  cotn- 
pressing  the  uterine   vends. 

The  lir?t  real  search  for  utnlne  actions  n-as  made  by  f.icb,  1914.  He  believed  that 
he  observed  stimulation  ul  the  esciiwd  uterus.  However,  more  extensive  investi^' 
lions  by  Pilcher.  igi6i  by  .'V.  P.  Matthews  and  Itager:  and  by  Itale,  gave  generally  ncga* 
(ire  results  under  all  coiiditions  (uterus  picgnant  and  aua-prcsnani-,  in  litu  or  tjtdwd). 


ANAPHYLAXIS 


PRKP,VKATIONS— VIB  URNOM 

ViburmiHi  PrunifaUum,  U.S.I'.;  VibiiTHHtH,  B.P.  (Black  H»w).^The  dried  bwk  of 
VibuTDUm  pnmifotium  i:aatain»  resins  (vlhurnin)  ,  valeric  »nd  tannic  acids,  etc 
jytir.  1  Gro.,  30  «r..  V^.P. 

Ea.  Vitmn.  PruniM.,  U.S.P. — A  powdered  estrnct,  t  Om.  representing  4  Gm.  of 
Anag.    Dost,  o.j  Gm.,'8  «.,  U.S.P. 

Fld*xl,  Vihum.  Prunif.,  U.S.P.:  Ea.  Ytbmn.  Uj.,  B,V.~Dok,  >  t.c.,30  rainlnxi, 
-  U.S,P.:  4  10  8  C.C,  1  to  ]  dnna,  B.P- 


I 
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ANAPHYLAXIS 

AHAPHTLACTIC  SHOCK 

Parenteral  injection  ot  naLi%'e  proteins  sensitizes  animals  specifically, 
after  an  incubation  period,  so  tliat  they  react  violently  to  a  further  injcc- 
lioti  of  the  i^ame  protein.  This  "anaphylactic  shock,"  and  the  closely 
allied  phenomena  produced  by  the  injection  of  peptone,  etc.,  constitutes 
an  autonomic  intoxication,  resembling  especially  the  effects  of  hlstamin, 
and  consisting  chiefly  in  general  contraction  of  smooth  muscle.  The  fact 
that  the  response  !.'« immediate  indicates  analogy  with  ordinary  poisons.    1 

rostoricaL — Anaphylactic  phenomena   were  described   by   M^kgendie  sa  early  aa 

i&S9i  "'■^  redUcoverod  by  Bebrinic.  1S91;  Richet  (wbo  cu[ncd  tliu  numc);  Tbeobuld 

Smilh,  1903;  nod  Pirquet,  looj  {"nlietgy").    Thdr  modem  invesliRnlJon  dnlcs  from 

I  Otto,  1905;  and  Roiennu  and  Anderson,  1906.     Andenon  and  Ro*cnau,  I'joS,  give  ua 

I  eximsive  summary  of  !hc  earlier  literalure.    More  recent  eoio|)ila lions  are  those  of 

Uektoen,  iitii;  Dixnn,  mii;  and  Ziniser.  iqi;. 

ftwtuction  ot  Anaphylaris.— ^Thii  results  from  tile  pnrcnier.il  introduclioa  of  nU 
*'antigen»";  i.t.,iill  true  ptoicin';;  but  not  ftum  thdr  cleavage  prnducts,  proteose^ 
Icucin,  etc.  (Gay,  1913);  nor  from  jKlalln-,  nor  from  Npuids,  ric.  (Tbe  native >;o-eaIlc<l 
"l>Totewcs"of  aeiedaar«aatiKen»  and  therefore  not  true  proteoses;  WelU  and  Osborne, 

'  It  »  occcfMry  to  diatinguish  bctwctn  the  fint  or  "scositixlnii"  and  the  later  or 
"pravoctllve"  Injections.  Sen^tizatlun  occur*  with  ver>'  small  doses  (^  little  as 
0.000,000,05  "'If'  °f  egg-white)  intravenously  or  h>podermically,  and  cxccptinnally 
cvca  by  MomoiCn  or  large  intctline;  or  through  th«'  dii»c  (Scwall,  t'ju).  A  (niiilmum 
Inlcrval  ol  tix  to  ten  days  elapses  before  the  sensiLiveneu  i^i  aciiuiivd;  but  then  it  per- 
sist* for  a  long  time,  weeks  or  yeari.  Repeated  injcctionn  during  the  inc:ut>alion  period 
may  produce  Itnmunily.  InlcctioD  of  the  serum  uf  s(.'nsili«;d  jnimaU  confers  pasiiM 
MiinJtidf (0»  on  the  recipient  {uito):  immediutcly.  with  proper  dovj^^e  (Doerrand  Riiu). 
Tbereistbetaucspeciiicily  as  with  other  antigens.  Spci-ific  sensilixation  may  thus  be 
•ccured  slmtdtancoualy  to  wvcral  proteins.  Wells  and  Osborne,  iqii  and  igij,  have 
■todkd  pArticuIarly  the  specificity  for  pure  proteins.  They  believe  that  the  specificity 
is  due  to  certain  oonatlluent  groups  within  the  protein  molecule;  but  that  the  whole 
aokcale  Is  involved  in  the  reactiun. 

The  provocative  injection  must  be  consideralily  larger  than  the  sensitising  in- 
fection. It  is  much  nwrc  rrtcdivc  by  vein.  The  rosponte  i«  immediate.  If  an 
ftnimol  nxovcn  from  the  toxic  effect-,  it  heconu's  inimcdiiitcly  tcfMOIory  or  immune 
to  further  inicctbn.  because  the  anuphylatlk  antibodies  are  siituialed  or  exhausted 
(Weil  and  Coca,  191]).  This  aiitiaiuipkylaxis  (ancrgy)  persists  for  a  tiine,  but  ia 
cveatually  lost 

General  Phenomena.^However  induce.!,  anaphylaxi.1  presents  fun- 
dAmentally  the  same  phenomena,  differing  merely  m  intensity,  according 
to  conditions.  The  relative  predominance  of  the  individual  effecls  in 
difTcrcnt  species  may  complicate  the  picture.  The  actions  are  essen- 
tially peripheral.  They  consist  in:  fall  of  bloofl  pressure  (shock);  tonic 
contraction*  of  smooth  muscle,  especially  the  bronchioles,  resulting  in 
severe  respirator)*  disturl>ancc;  and  local  urticarial  reactions. 
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SfOftOOM  of  Aoaphylactic  Roactioo.— These  an  maial)'  m  roUoun:  Great 
mtletfUMi  wvcfc  fall  of  liliiod  prcuucc,  ffencrally  attributed  to  poralyMn  of  ibe 
tplanchnic  vwielsitnd  coiisi/iiut-nt  sliui'lci  fall  of  temperaluro  (PftilTcr  And  Uila,  igio), 
etc.;  rigidity  of  ihc  lungs  by  violent  oontriiction  nf  ihr  brnQchiol  iniiKlcn,  rcsvltinc  hi 
rapirxtoty  dutrcu  and  osphyxial  convulsions:  slimuUtion  of  otbui  UBOoth  muiitk 
(utenis,  stonwcb  and  intestineg)^  dimioiahed  cauulnbiliiv  of  the  blood;  Wcopraia; 
eariiiopiiilia:lon«fcompleiiwni;uicteftMd  lymph  floor  fCalvao'i  19");  tocal  tnflamma- 
tory  rcjiction. 

Rep«ated  anaphylactic  shock  results  in  <c1l  doitnictian  ia  arvcfBl  or^tiB, 
wilh  lubiequFDt  i;lirunic  Jnftsniniiitory  cbituiics.  In  Ihc  ilvvr,  tLc  neulls  reaemblc 
porta!  cirrhosis  [l-onjtcopc.  1913). 

Anulngou'^  but  Ic^s  ncvcrc  pnrnnr-hymtsloui  Jegfiifraliaiu  of  tbc  myocardium,  linr 
and  kidneys  may  occur  in  rabbili  uftcr  :l  tiiith  injfttian  nf  a  )ai|[c  dot«  of  hon^-tcrnm 
or  cKg- albumen.  They  develop  in  trn  to  twenly-aoe  days,  about  the  time  when  Ihc 
»ntiilodic5  arc  produced  (I.oa)^ope,  1915)- 

Susceptibility. — Guinea  pigs  are  e»pecially  susceptible,  and  in  ihcm  the 
lung  rigidity  is  most  prominent,  arresting  respiration  and  proiliuing 
asphyxial  death  in  a  few  minutes  (Auer  and  I.cwi.t,  iqoo).  In  dogs 
and  rabbits  this  phenomena  is  much  less  marked,  the  severe  and  prolonged 
fall  of  blood  pressure  being  the  most  prominent  feature.  Cats  are  utcr- 
mediate  (Edmunds,  1914).  Man  seems  to  be  relatively  insusceptible. 
The  rare  acute  accidents  in  the  injection  of  antitoxic  sera,  scrum -diMrase, 
and  some  varieties  of  asthma  and  hay  fever  (Meltzer,  1910)  arc  probably 
anaphylactic  manifestations. 

Lung  Rigidity.— Auer  and,  Lewis,  1909,  showed  that  Id jcuineaiu^dyiiw  acutely 
of  annphylu-iis  the  lungt  arc  rigidly  diitcodcd  and  incoUapslole  even  after  dexth.  by 
tcUnic  cuittrHcUon  of  Ihc  brunchial  muscles.  The  effect  occura  after  dntnictiou  of  the 
ccDtral  ner\-ous  system  and  even  ofter  deitencralion  of  the  vwi,  »o  that  it  must  b« 
eicrlrd  clircctly  on  the  mutclc  fiber  or  myoncurnl  junction  (Aurr.  1910).  It  b  abolbbed 
by  alrupin  (Auer).  Chloral  h  uncertain  (KoteiLuu  and  AnilervMi,  li^).  Scbullx 
and  Jordan,  1911,  showed  that  the  severity  nf  the  bronchial  phenomena  in  guinea  pin 
isexplnined  hy  their  relatively  Ihkk  mucosa;  so  that  the  contraction  ocdudnabaotutdy 
even  the  larger  bronchi. 

Blood  Pressure.— In  guinea  piga,  the  circulatory  change*  are  mainly  aqthyzlal 
(Auer  »nd  Lewis,  igio).  In  other  animaU.  there  h  n  charadcrialic  (all  ol  blood  pns* 
sure,  often  to  lo  to  30  mm.  Hg.  The  mechanism  of  this  "  auuphylaclic  shock"  appcAra 
to  be  complex.  It  triui  rommonly  Ritribuled  to  voiodilation  (Biedl  and  Kraut,  iooq); 
but  the  later  evidence  inUiiuIet  that  it  is  CHUi-cd  by  coairaction  of  the  ftiaaller  hcMtic 
vessels,  prevcnlinK  the  adcnuiilc  rtlurn  of  blood  lo  Ihc  right  beait  (Moutnei  and  nek, 
191;).  The  blood  iicriimiilale!>  mainly  in  the  large  vein*,  capedolly  of  the  liver  and 
portal  s>-stem;  so  ihut  llic  smaller  vessels  of  the  kjoneys.  lalOTtinn.  and  other  parti  cf 
the  body  are  mechanically  drained  {I'enrcc  and Eisenbtay,  1910  and  tflu;  Edtnumb, 
1913);  indeed,  the  fall  dnc«  not  occur  if  the  liver  ha*  been  excluded  frnm  the  circula— 
lion.  The  liver  therefore  has  a  )>re<lominant  shnre,  directly  or  indirectly,  in  the  (all. 
the  blood  pressure  being  lowered  because  u  greater  part  uf  the  blood  stagnates  in  tbc 
portal  syitcm. 

Zii'-ktr  und  R.  O.  Pejtrce  found  evidence  that  the  ci«cnltal  procets  of  Um  tnaphy- 
laii).  peptone  or  histamin  "  nhotk  "  does  nut  consist  la  vasodilatlOD,  but  In  cuMrictian 
of  the  liver  vesicU,  rei^uUing  in  deficient  blood  supply  of  the  right  neart,  and  tbcrcfore 
In  venuus  klokh  and  fall  of  arterial  pressure.  This  bos  been  coufirmcd  t>y  Muulner  aj>4 
Pick.  iQi;.  In  carnivorous  animals,  in  which  the  circulatory  clianget  arc  proouaefit, 
they  find  swelling  of  the  liver  volume,  from  spasm  of  the  smaller  hepatic  vfi—fa. 
Immunity  to  Pe|>caied  injection  beiplaincd  by  paral)-sLi  of  these  vcsads.  llieae  effects 
do  not  occur  in  herbl^'ocnr.  frogs  and  turtles,  whose  liver  vcMels  also  fail  to  respond  to 

?iincphrin  and  barium,  and  which  therefore  probably  lack  oomlrictor  inncrratton. 
he  intestinal  arteries  ore  nciivcty  constricted,  during  life,  in  all  nnimab;  the  veiiH  be- 
come coni^rttcii  later.  Tlie  arteries  of  the  lung  ore  olio  constricted,  constitnliiiit  » 
further  factor  in  the  venous  congestion. 

The  vatomotor  center  is  not  directly  involved  in  the  fiUi  nor  is  there  any  good 
evideoce  of  a  peripheral  acdon  on  the  blood  vessels.  These  continue  lo  contract  to 
epincphrin  or  barium;  they  do  not  c^mlroct  to  splanchnic  slimulation,  but  this  could 
be  explained  simply  by  the  altered  distribution  of  the  blood.     It  b  concetrablc  that  the 
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aB8ptiylaxi*<lircc>ly!owen  the  lone  of  the  hepatic  vesieU;  but  this  has  not  I 
AiriU,  iv>4>  atuibul»  ibe  f^  bt  nbbil»  lo  increiiMtd  reuatitncc  of  ihc  . 

Ill  iiiiiilfi;  but  I'Ulmunds,  i<)i4,  fniinil  na  evidence  lit  dcticicnt  hlood  supply  of  Ih*  left 
b«ait  in  <at»;  to  the  tontrat)*,  the  prcMurc  in  the  pulmonnty  veiiw  often  toic.  v, 
BduW.  1914.  attributes  the  shock  to  clunipluf!  of  tbc  platelets  and  thrombosis  of  the 
etnhm  vtsscU. 

'Die  htMt  sutlers  by  the  low  blood  prcuuic,  aiul  is  ahn  olTected  directly,  although 
this  usuilly  pla)-s  n  minor  part  in  the"snock."  ThcclianKcssrepcriplicral.  Asshowa 
by  dcctrocariliograms,  c>n  i^ibbiU  nod  do|j;s.  they  cunMst  in  disturbances  of  conductluD 
and  ubnurm.itilJet  of  ventricuiur  contraction,  alTcclInK  opcdnlly  ihir  right  heart. 
Theie  mav  projcrwi  to  linal  rigor  (Robinson  a.nd  Auer,  igij;  Auer  and  Robinson, 
191JI.  The  hejri-musde  and  dinphiagm  show  hlslolajclc  CDnn^es;  nlio  with  other 
anaphylactoid  aKenl*  <Ki.indr»tiu,  1013).  Thir  isolated  heart  of  leniitiivd  animals  it 
liircctly  poiioned  by  the  iiniif;cn  (Ce^aris-Demcl,  i^io-igij).  Acute  heart  failure  to 
abo  winellmrs  scti  in  intiict  iMts  ilidmunds,  i^ii*). 

IVvatment  of  AnaphyUcIlc  Shock. — The  continued  low  blood  pressure  (umUbct 
an  opportunity  for  investigating  the  treatment;  thi«  i*  of  pracdcal  imfHirtaiicc 
bccauM  the  phenomena  nre  very  simiLir  to  thoee  of  su^cal  fchoclt.  The  indications 
are  evidently  to  relieve  the  Hplanchiiic  can)n.-sliuti  nnd  to  increa,ie  the  volume  o(  blood 
to  the  h<urt  and  medulla.  Pearcc  >nd  F-iscnbrcv,  igio,  found  that  venous  tranifusion 
with  blood  or  saline  only  Incrrascs  Ihc  "pliinclinfc  cunKcslion  without  aidinn  the  heart 
or  medulla.  Arterial  transfusion  is  more  sutccistu!;  but  the  best  results  ore  obtained 
by  combLnliw  Irnni^fusion  into  m  nrtcrj'  wilh  blet-iiintc  from  a  vein.  Cnrdiac  or 
vucuUr  stimulants  alone  did  not  pri.i'iiji:r  j>rrman('nl  improvement;  but  the  combination 
of  slovr  epinephrin  infusion  with  liigitoiin  gave  good  results.  Mnutner  and  Pick,  191  j, 
obldined  itood  rct'Ults  from  the  vnsodilator  action  of  nitrite*  or  cnilcln. 

Relation  of  Aiuphylaxis  and  Immtmi^  Reactions.—The  relation  of 
aJiaphyla.\is  to  other  "immunity"  reactions  indicates  identity  of  the 
underlyiiifc  procc-is;  anaphylaxis  being  merely  a  special  manifestation  of 
the  defensive  mechanism  against  foreign  proteins.  It  refers  sJmply  to 
thmae  phenomena  of  the  "immunity  reactions"  which  happen  to  be  in- 
jurious to  the  animal.  As  with  the  other  immunity  reactions,  it  involves 
the  reaction  of  Ihe  antigen  v^ith  ils  anlibodv,  under  proper  conditions; 
so  that  the  antigen  is  rendered  amenable  to  the  action  of  the  complement 
(alexin),  leucoc>-tes,  etc. 

In  the  case  of  tumphylaxis,  the  product  of  thU  reaction  is  poisonous,  nnd  is  there- 
Ion  Called  "anaphylatoxin."  An  ''antigen"  is  any  siilwtBnco  liiat  induce*  the  forma- 
tfcmof  R  specific  antibody,  "Antibodies"  are  the  specific  subslances  produced  by  the 
M|BIU*nv(  under  the  influence  of  nniigcns.  They  arc  ftuppoted  to  act  as  amboiTplors; 
Lt.,  as  linking;  the  anliKcn  to  ihe  complement.  The  "compieraenl''  il  an  unknown 
sabitoncc  (or  »ubslanees),  normally  present  in  the  blood,  and  which  acts  on  the  oniigcn- 
antibody  comblnntion. 

Nattire  of  Anaphylaloxin. — The  similarity  of  the  anaphylactic  phe- 
nomena indicates  that  whatever  the  nature  of  the  antigen,  the  resulting 
DOisoR  (the  "anaphylatoxin"  of  Kricdbcrger,  1910;  "proteoto\in"  of 
Ziruucr;  "seroioxin"  of  Johling  and  Peterson,  1914),  I'sa  single  (or  closely 
related)  substance,  Il  has  not  been  isolated,  but  is  probably  a  relatively 
giinple  protein -cleavage  product.  Thi.s  opinion  is  based  mainly  on  the 
identity  of  its  effects  with  those  of  "peptones"  (Biedl  and  Kraus),and  with 
the  toxic  protein-fraction  jirepared  by  V'aughanCiijoj,  1913,  1916)  by  heat- 
ing  proteins  with  alkaline  alcohol.  This  also  appears  to  be  identical  for 
practically  all  proteins  (Kdmund.i,  1913).  The  identity  of  composition 
can  not,  of  course,  be  proven  until  the  pure  substances  have  been  isolated. 
Again,  00  the  ha^is  of  its  toxic  effects,  it  is  probable  tliat  the  poison  is 
closely  related  to  (although  probably  not  identical  with)  histamin. 

Production  of  Anaphylatoxin.^ — .Since  a  sensilizing  inj«lion  and  a 
following  incubation  period  are  necessary  to  anaphylaxis,  it  is  evident 
that  a  definite  change  must  occur  in  the  body  before  the  anaphylatoxin 
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ia  formed  or  can  become  effective.  Several  possible  explanation*  of  this 
arc  ttnable.  The  view  most  widely  held  islLii  the  sen^itiztn);  injection 
leads  to  the  production  of  "prolerlivc  ferments,"  or  rather  of  the  specific 
antibodies  by  the  cells;  Uiat  these  combine  either  in  the  tissues  orl)luo<l  with 
the  protein  of  the  provocative  injection  and  thus  sensitize  it  to  the  digest- 
ant  action  of  the  complement;  and  that  this  "parenteral  dijEestioo" 
results  in  the  sudden  liberation  of  the  toxic  cleavaj^v  product. 

The  evidence  that  a  toxic  cicitvnge  product  It  actually  farmed  in  aBiphytixii  i* 
chiefly  the  lollowlnK;  Zunti,  igti,  found  an  increase  of  the  ptoteodaslic  poww  of  the 
blood  fur  tile  sen.iiUiing  protein.  Tricdbcrgcr,  iQio,  nctuolly  i)cmnn»trAt<K)  the  fdrnu- 
liua  of  ;knn[)hy1actic  poixon  by  the  interaction  of  unllitCQ.  antibody  imd  cumpleiiiFat 
(serum)  in  tilro.  Kcyswr  and  Wuttcrmann.  1911;  and  Bonlct,  1014,  found  that  aiuiptiy- 
Uloxin  mny  atu>  be  produced  without  antigen,  by  the  ncijon  of  aniiboily  anil  compU' 
nicat  (tcruin)  in  the  pmrnce  of  CcrUtln  ooilmd^.  Thia  sucKcsts  that  the  serum  pro- 
teins rather  llian  the  untigcn  muy  be  the  loutce  of  the  poison;  perhaps  both  ore  dtgatcd 
to  a  varying  degree  under  dificrent  conditions. 

K.  Weil.  KjiOi  conl'irniB  lh»t  complement  Is  neccMary  for  the  production  ot  >oa- 
phylatoxin  from  antigen  and  unlibudy  in  mtro.  However,  puitive  immuntulioa  i« 
MCurcd  by  the  antibody,  even  when  its  complement  has  been  destroyed  by  heat, 
from  this,  he  art-ues  tliut  an»|)hylactic  shock  doM  not  reijuirc  complemeiit,  and  is 
theccForr  diffi^rcnl  From  anaph)!u1oxiii. 

Site  of  Prodnction  of  Ann  phylatoxin. — Further  coiuideralions  show  that  tW 
direct  [ormation  of  anupliybtuxin  ia  tlie  bluud  \\aa  really  a  nunor  ^harc.  lo  passre 
anniihyl.tiis,  niimely,  the  detiree  of  rciiction  is  uiunlly  quite  small  ox  cv^en  abtMit 
U  the  ftrilini^u  iind  niitiboily  .ire  injertcd  tinudlancously,  and  when  thry  irouM  tbeie- 
fore  serm  to  have  tho  bett  cliaiico  of  interaclinK  In  tli8  blood;  and  l)iat  the  severest 
Tcoction*  occur  if  the  antigen  is  injected  tnth'e  lo  twenty-four  hours  after  the  ontibodie* 
— when,  in  fnct,  tlie  nniibodics  have  Inriiely  diuippcnrcd  from  the  bluod,  and  arv 
presumably  iLxnl  in  the  ti-«ucs.  This  makes  it  piobnlilc  that  the  reaction  occurs  more 
effcc.tivelv  in  the  tissuw  than  in  the  i)lood.  This  is  further  9upjK>rlcd  by  the  obserr*- 
tions.  lo  DC  dcKribcd  prrsrnily,  ihni  blond-free  orRans  of  scnntiEcd  iftunah  met  «ftb 
the  specific  antigen.  It  leads  to  Ihe  view  that  both  in  active  and  passive  aaapbylaxn, 
the  antibodies  arc  localiicd  mainlv  in  the  celli  (as  "tcsxilc  rFCepton)"J;  and  that  ll  b 
bere  that  the  iDlctaclion  of  antibody  and  anligcn,  and  the  formulniion  of  anaptiylatoun 
mainly  occur*  (FriedberRer).  A  part  of  Ihrantibudv.  however,  is  ){iv«n  off  to  the  blood, 
and  some  anaphylnloxin  may  therefore  be  liberated  in  the  blood  stream  (Fiicdcmann, 
1900;  Biedl  and  Kraus  1910^.  Mnnwaring,  1910,  and  Voegtlin  and  Bernhcim,  igtt, 
believe  that  the  anaphylatoxin  is  produced  mainly  in  tljc  liver. 

There  i*  also  direct  evidence  that  the  union  of  antibody  and  antigen  \»  relatively 
slow  in  the  blood  sircnm;  for  they  may  <-ii't  there  simultaneously  and  ununiird,  for 
days,  combining  slowly  in  vilta  if  tlic  bkiud  [1  lemovcd.  Thi8  lUKum*  the  prewnce 
in  the  blood  stream  of  some  inhibitinR  substance  or  condilions,  such  as  are  common 
in  colloid  reactions.  For  instance,  it  is  known  that  aniircactions  are  inhibited  by  excess 
of  either  antibody  or  anliKen. 

It  will  be  seen  that,  whilst  there  is  direct  evidence  that  antibody,  eomplemenl  and 
antiiten  are  somehow  connected  with  anaphylniii.  the  evidence  for  the  produclion  ol 
anaphylaloxin  by  protcolyllc  cleavasc  is  mainly  indirect.  Against  it  may  be  placed 
the  observation  that  no  increase  of  cieavaKe  ptciducta  has  been  actually  dcmonttraled, 
f.i.,  in  the  anaphylactic  lung  (Auer  attd  Van  Slykc).  Further,  that  the  reaction  o(  ex- 
ciaed  tisaura  ol  seii^tiied  animals  lo  aiiliaen  arc  more  rapid  than  is  customary  la 
ferment  processes  (Ualc,  loi])-  Neither  of  ihcsc  fact*  actually  disprove  Ihe  ckavue 
theory;  for  the  increase  of  the  products  might  be  loo  small  to  be  demonstrable;  aod  tne 
condilions  for  ferment  action  in  Ihc  tissues  are  probably  much  more  favorable  iWi  In 
the  test-tube  (Dixon,  9913)-  llowcvrr,  they  suggest  the  possiliitlty  of  other cxplana- 
tinns.  It  is  quite  conceivable  that  anaphyloui  con-isls  in  a  special  sensitiveness  of  tbe 
tiwiues  lo  tile  antigen  itself,  ralhcr  than  In  the  proiluction  of  cleavage  productA;(kT  that 
the  toxicity  is  develojied  by  some  physical  change  uf  the  scrum  colloids — pettiaps  in 
their  surface  tension—rather  than  by  their  c]cn\-age.  However,  the  deava^  theory 
at  present  holds  the  field  as  being  much  more  probable. 

Share  <^  Tissues  in  Anaphylaxis. — Anaphylactic  scnatuationU  nnni- 
fcstcd  mainly  in  llic  tissues,  rather  than  in  the  circulating  blood.  It 
need  not  be  further  discussed  whether  Uiis  is  because  the  cleavage  occun 
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h  the  tissues,  or  bwausc  the  lissu«s  have  itcquired  a  h>"p«rsensitivciics3 

to  the  antigen  itself.    The  fact  U  shoym  conclusively  by  the  traniiuwon 

exTK-nmcnts  of  Tcarcc  and  Eisenlircy,  1910.    llicy  founil  that  a  sensitized 

dof;  Iraniiused  with  normal  blood  exhibits  immediate  anaphylactic  shock 

trhen  the  Knligen  is  injected;  whereas  u  non-Mnsilizcd  do^  transfused  with 

seixMtized  blood  shows  no  immediate  effect  when  the  antigen  is  injected. 

Jc  iaatwprovenby  thef.ict  that  cxci:sed  ftnd  blood-frcc  organs  of  sensitized 

ani  mals  exhibit  a  nigh  specific  response  to  the  sensitiiiing  protein. 

ItMpoiue  of  Exciied  Seiuitued  Ti*(u«. — Schullz,  iQto,  Ant  thnwcd  thftt  wasbod 
■m^MKh  miuclc  of  senutluil  aiiimab  mirts  <^pccificaUy  lo  the  si-nsliixiai;  prareb. 
Fnwvi^  Mtunu  s^ncially  ilimulalc  the  Mnootli  mu»i:k-  of  nonnal  (iion-»cnatiMd) 
»"»■■— "V'  but  Ihe  mubclm  o(  wDiiliicd  animnti  mpond  tu  very  much  (.ninllrr  dosa  M 
th^   awMitlting  xruiii.  whilM  ihcit  Traclion  tonthrr  fi-nini»  rcmuiiis  iinrliuniEi-U. 

M ic  funbcT  cxperimFiiIi  ot  Dak,  loij.  »liuwi'd  that  the  eidicd  utcms  of  WMitixed 
Ku£n«aplnt  Mcontntctol  by  cxircmc  dltutioiiia  of  the  tpcdfir  ftntiRen;  the  production  cf 
th^  tiypoUwlIcal  toxic  sulMtance  mu^t  therefore  oocui  directly  in  the  wniiliud  titsiit. 
"^^e^  KsponM  is  alinust  inuncdiate,  10  that  the  hjiKithetical  cleavage,  if  luch  oceun, 
'nus.t  b*  iioiticdiBte,  aod  not  by  ordinary  ferment  action. 

X  n  euinta  pija,  wiiich  have  hc«B  rendered  immune  (dewnslttacd)  by  fcpe.itcd  injcc- 
*"**>'«.  the  (icned  uterus  I*  Mill  iiCMltlvo  tO  tbe  anlljjten.  Thift  form  o(  anlianaphylsxis 
***'*^t.  therefore  be  due  to  on  inhibiting  lubitance  in  the  blood  <it  the  immune  tuiimal. 

itiyrnvtr,  in  the  cxci«rd  utrrui,  one  do«c  of  the  anllKm  ilt&rnt'ittMN  ihr  uleru>>  to 
''**'^b«r  doses  (but  not  to  normal  serum).  The  anliKen  (hcrvfure  destroys  the  hyver- 
***»*~^ [itibiUiy  of  the  jeoHtlzed  muscle  (perhapi  bj*  uiturating  ihe  receptors).  The 
P^T'wijttence  M  the  nnrmal  miction  to  norma)  scnmi  is  a  further  proof  that  this  if  quite 
»»»*im-t  from  the  anaphvladic  re*poaM, 

l^rol(ui)[td  coniAct  with  serum  of  a  seiuilivc  animal  ai-ain  renders  Ihe  uterus  sensi- 
\  tAV«>    C[i)iuiv-e  scositiiatioin);  but  a  normal  uterus  can  not  be  pouivcly  scnsillted. 

^^'■■il.  1014,  bas  confirmed  the  results  of  Sdiulix  nnil  Dale, 
,  ,         A^'.  il.  Moore,  191;,  finds  Ibut  the  susceptibility  of  the  scnsilixed  uleru»  Is  incrcawd 
i  •■  All   blood  !u<  bren  rrmortd  by  tnuiidurion  with  Locke's  MlutioD'.  indicating  that  the 
uIocmJ  has  an  inhibitini[  Influrnco. 

If  the  muscle  U  further  freed  from  tlsiue  lymph  and  other  diffusible  elements  by 
•*l>«^led  ccntrifucation  in  I.ockc'i  solution,  the  icniitlxeneu  is  greati)'  decreased;  toe 
**n»i LJvtacss  brittg  tiuanUtntUrly  restored  if  thrw  muscles  are  trtaled  with  normoJ 
Ctaitac-a.pjj  serum.  'I'his  bdicales  that  iomc  constiiucat  of  normal  serum  b  csMntlal 
to  lanApbylactic  stimalation. 

Ktaawarinic,  Meinhard  aiul  Dcnhnrt,  1016,  observed  that  the  isobted  rabbit  heart 
**P(^aoaed  by  goat  serum.  If  the  rabbit  hod  previously  been  »«nntiMd  to  Ibc  serum, 
'■*^l>«art  !«  more  mi'l.int  On  the  other  hand,  the  addition  of  ihc  terum  of  a  scnsl- 
Ua«cl  fabUt  to  the  giKii-terumincrcMesllie  toxicity. 


ASAPHYLACTOID  IKTOXICATIOHS 

I*lienoinena  resembling  more  or  less  closely  those  of  anaphylaxis 
"^  prodticetl  by  a  larxe  number  of  substances,  ranging  from  pt-p- 
^•s    lu  dialvMd  iron,    tljc  corrcspondcnoc  is  probably  never  complete 

A.aale(oua  Actioni  of  Blood  Senun. — Tlu*  hai  a  stimulant  effect  on  wnooth 
^"»tl^  s,!,,!]/,  irji:),  aliliou^h  there  are  spodfic  diSerences  (Dale,  i«iO.  A 
y*g''  :.'f  suhsiatue  is  formed  in  shed  blood,  probably  by  chances  In  tlw 

J***"  'I  .  raihcT  than  by  clotting  (G.N.  Sten-art  and  Zucker,  tgt^).    ThU  may 

\^  a  imi  in  henMi»tasI*.  The  principle  which  gtlmulale«  Ihe  lalofine  and  itlena 
P™*t»t».  In  tbc  ^>/nsnf  Aurf  (rabbits),  Cushnyand  Ounn,  i«ij,  fmd  that  theatldl- 
rj^  V'  >*tum  produces  a  ptetiminaiy  stimulation,  H-ith  iiroascr  and  usually  faster  coa- 
li^**^iift-,  and  a  sabKCiueni  ilepreHfcot  with  makeni-il  md  slowed  contractluns.  tone- 
Bj"^  btiut-block,  and  eventually  arrest.  The  coronary  vessels  are  constriclai. 
^BUl^f  (Sects  are  produced  bv  the  plasma  of  the  oncralrd  animal,  by  starch  solution, 
^:  Tbe  anthun  attribute  ifirm  to  an  alieraiion  in  the  heart  produced  by  cxdiioB, 
^"•ijrd  to  the  formation  of  aov  poison. 

Tb(  eoroiury  vaMConslrtclion  has  been  confirmed  by  YanaBawa,  1916.    Of  a  con- 
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Mdernblc  wHn  of  coUoid*  tried,  Uil»  «11«<-t  wu  produced  onlr  I)y  *enun  and  b>- 1^. 
white.    It  reBldn  In  tlw  proteiai'. 

jLlanwarinj^.  Mdnhard  and  Denhotl,  igi6.  And  thai  the  addition  of  7  toio  tM!r<mi. 
of  goal  Mrum  in  pcrfusiun  ot  rsbUt's  heart  produces  lacbrcardia,  followed  tiy  dcpre»- 
tlon  »nd  irrcRiilnrity.  The  tachycardia  i*  due  exclusively  to  dillu^Ue  subttaacn  la 
the  serum;  the  ilr|>rMs[oii  to  nonHJllru9ll>1e. 

The  fntal  clTccii  of  intravenous  injectionx  of  foreign  blood  scrunu  arc  often  coitiM«tinl 
Willi  lu-inulysis  and  thromboglt  (L.  Loeb,  SiricUcr  And  Tutlk,  1910}.  Otsaa  esinctt 
intravenously  alio  often  produte  thrombows  (L.  Loeb,  tpit). 

Effect*  oif  Albumosei.^Inlrikvrnntit  injectioiu  of  "Wttte*c  PeptODc'  (o.J  Cm.  par 

but  tonsidtriiUle  tall  of  blood  oressure  frhompnon,  1896  and  iSp^)  by  pctT[ihei«] 
ftclion,  in  dogs  (but  not  in  rfibbit!^,  IHui-msky,  1^15);  MittiiilalJon  oif  the  ii'latnl 
Uterus  (Dale  and  Laldlaw.  1010);  bronchial  const riolion,  periphi--tal  (ttarhr  and  Pick, 
1913;  no  effect,  Ticnilclcnbuis) :  incrnuMtd  How  of  lymph  and  arcrction»  (PonirlxU. 
ipcAaod  1409);  of  milli  (Ott  and  Scott,  toil);  dischujieol  t  lie  Kail -bladder  (K  lee  and 
Knuctifvl,  1914! :  diumis  Independent ly  of  Ihe  blood  pressure  (Thompson;  Ciedt.  190S; 
Frochtich  and  Pick,  1911);  fever  on  hypodermic  injectior),  etc.  In  moftt  anisiala  (but 
not  in  rabbits)  appropriate  dnnes  render  the  blond  non-coajculable.  and  produce  bnKf- 
glyccmia  and  glycosuria  {Y.  Hemierron  ond  (Jndcthill,  loti).  McGtugnn  and  Rot*, 
1915,  however,  st.itc  that  the  usual  result  is  hyjHiKlvci'nil.a.  which  ihrjr  allributc  to 
efirulatory  chanKcs  in  the  liver.  The  secretion  of  dilo  i»  intrcmed  (UKadn,  1915). 
Applkullonof  peiilone  to  the  Mrarlticd  skin  produces  a  wheal  iSoUmonn  and  Plkber,  1916). 

The  RCtionsnrc  due  to  the  pmlcoscs  thcmsclvei  and  not  to  forriKD  loxlCAdmixlute* 
(Undcrhill,  iQoj).  FroUimins,  Jiufun/ii^c..  have  similar  actions  (Thompson,  1900); 
Popiclski,  1913,  attributes  all  tlie  elletts  to  " vastidilalin." 

Whipple,  1916,  ntlributcs  to  n  primary  proteose  the  tone  effects  of  iDtettiiul 
obstruction,  iwririniiti",  and  ncule  pitncreii tills. 

The  aon-coagulability  of  th«  blood  Is  iluc  to  an  antithrombin.  the  blood  coataininx 
all  the  nece^aary  elrmrntt  for  congulntinn,  to  that  it  clots,  e.g.,  nn  simple  dilution  with 
water.  This  antitliromtiin  seems  to  be  a  nuclcoprolcln  formed  in  the  liver  (tXmw, 
Morel  and  Policnrd,  1911;  Denny  and  Minot.  191;;  its  production  b  not  in<TCftS(d  by 
Ule.  ImIc  Hiiltii,  secrclin  or  electric  stiTnuUlinn).  R.  J.  l.ee  and  Mncent,  totj, 
attribute  the  non-coagulabaily  ol  the  anaphylactic  blood  mainly  to  aa  anonatous 
behavior  of  the  blood -platelets. 

The  mrth.mhm  cj  ihe  Jatl  oj  blood  pruiitrt  is  IdCDilcaJ  with  that  of  anaphylaxii 
(Thornpson.  iSg6  and  1S09;  Pcatee  and  Eisenbrey.  1010;  Froellch  and  Pick.  ioi»)- 
Thc  riri'urd  mnmmalian  henrt  Is  weakened  b)-  cooccntmtions  of  t:i.ooo  to  1:10,000; 
Bliraulated  by  i:;oo  (I'issemsky).  Ricuf^  vrsteh  arc  generally  constriclrd  (DaJt  aad 
I^Aldlaw,  toll);  the  ear  \-csscl5  are  constricted  by  all  concentrations:  thoM  ol  Ihe  pet- 
fused  lung  are  aomewhat  diluted  (Bachr  nnd  Pick,  1913;  nbo  the  livcT*vctDl  CBeruan, 
1914)1  Ihe  intestinal,  renal  and  coronary  vc*sds  arc  nnafleeted  bytUlvIc  ftolutiani, 
constricted  by  straag  solutions  (Pissemsky,  loij;  Mautner  and  Pick,  191$).  "Dw 
effects  on  blood  pressure  and  resplmtion  have  also  been  investigated  by  Zuntii.  1911. 

Notwithstanding  these  similarities,  there  are  suDicleat  dUI«renets  to  indicate  that 
oaaphyUjus  is  not  due  to  the  fomuition  of  oidinMy  albumwts  (MaawariBg,  1910; 
Ijoewit,  tpii  and  ipii). 

Injections  of  Witie's  peptone  have  been  proposed  for  the  treatment  of  hemophilia, 
but  have  caused  futui  hcmorrhajie  (Lcci;boullet  and  Vaucber.  1914). 

Resemblance  to  Histamln.— Dale  and  l.aidlaw,  1911,  call  sltcntjon  to  the  Mrikinc 
similarity  of  the  anaphylactic  and  peptone  effects  lo  those  u!  histamin;  and  sug^ted 
that  Ihe  acth-c  principle  m.iy  be  similar.  Certain  minor  differences  e.xist;/.(.,  eptDqA- 
rin  removes  the  hroiichial  iimsm  of  peptone  iind  not  of  hiitamin  (Januwhkeand  Pollafc, 
1911);  histaniin  dues  not  alTect  the  coaKulation  of  the  blood  fMudrHkevnki,  lOii), 
etc.  It  is  suggeslix'c  that  hislamln  and  similar  nmins  ate  among  the  products  of  Qtm 
more  complete  digestion  of  peptones. 

Other  substances  prodtinng  anmogou*  or  identical  effects  are  the 
"Vasodilalin"  of  organ  extracts  (i'opiciski,  1910, 19:1  and  191  jI;  Secrttim 
(Bargcr  and  Dale,  1911;  Dale  and  Laidlaw,  1913);  and  Horwmat. 

Hioc  subslimces  also  have  not  been  bolalcd,  but  some  at  least  ate  probably  ■!» 
liiBlda  bases.  Dole  and  Loidlaw  suggest  that  vasodilatin  may  be  Lmprue  kistaDaia. 
Normal  urine  contains  pressor  substan-ccs  (the  urinary  hypetleniin  of  Abeloui), 
which  coiuist  mainly  of  ito^mylanun  (fiaiB,  1914). 
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Btnwofiri  I— ZgcUtr,  1908,  belicvtd  tlut  various  oMaas,  removed  U  the  height  tA 

diceatioo,  contain  a  bonnoiw,  ulucli  Hilmuhte* perutBlnt.    The  canmettia]  "flarm»- 

oJ-ZiMJjg"  is  exlcacled  with  dilute  fa)-drochlon<:  add  from  the  iplecn,  taaoYtd  dtujng 

ilil.WWlinn     It  i»  injected  IntravcDoiuly  and  iolmnuKulorl)',  in  intestinal  punls  &nd 

pa«C-apentfiv«  lieu*.    Ilx  in|cction  ha»  olcni  caused  Miioua  find  cvro  (aiaJ  cdlapM 

{Rcw«cnkran«,  t^ui  Seifi'fl,  NcbcnwirliuiiK.,  1015,  p.  13S}.     Mohr,  ii)ii;  SnbolowsicI, 

iQt  7,and(>(licr>.bclkvc  that  the  ucllvc  cirinciplc  ualiniinaM:  or  a  similar  niiuphylttct^ 

«ubs.tu)Cc,  which  would  citiUin  the  fftll  of  blood  pmiurc,  and  by  this  the  pcristoltk 

rfTiroC.    Zuclxcr,  1411,  atidbutcs  the  accidents  to  wnumi nation,  and  now  i>rcpan« 

orluKt.  be  believe*  to  be  >  purer  product,  by  removing  the  proldni  through  boilJnK  and 

)c*d   acctUc:.    nowever,  fatal  acddentt  arc  itill  reported,  trhikt  ihe  therapeutic  rcftult* 

"V    'Wry  laconsiuit  (Burtenck.  191]).    It  staaa  an  uncertain  and  itanRcraiu  remedy 

KHeaae,  1913). 

Aji  expaimental  inve«liK«lion  of  ilormonal  is  publi^cd  by  Schlngicweit,  1913. 
WaflaamI,  loii.  i^tate*  thot  cxtractxof  the  into^lioid  mucoui  or  iBUKularitRtimuliitc  the 
uatefttiAc,  excised  or  intravenously,  much  roor^Ihan  other  onciiD  extnct«:  that  iheeScct 
bi  located  in  Auerbach't  plexus  and  is  antuguniipd  by  wcik  airopin;  and  he  bcUevei  thtt 
t^^iv  hypothetic  tubstaocc  u  the  cauie  of  the  automntic  movcmcnu  of  the  cxdt^cd 
inte-stin*. 

Hirudin. — The  cervical  glands  of  tbo  common  leech  (tllrudo)  UL-reie  a  substance 
Chirudin,  bemocihiUn)  which  dela>-!i  01  hinden  the  cooKUktion  of  bloixl  inride  and  outntde 
t4  the  body.  This  Kubiitaacc  U  not  deitra)-cd  by  boUlng  or  by  alcohol.  It  appear*  to 
Iw  »  deuteroalbunkOM. 

TktfAftMk  fw.— Leeches  «*i«  at  one  time  uied  eilcnrively  for  the  abitraction  ol 
Uood  ifl  load  inflammation)^  Dry  or  wet  cupping  it  now  Ubunlly  tub»lituled,  but  ihcy 
are  still  eropioyedoccauonally;  two  to  four  of  tbe  aniniaU  ate  applii-d.  TIte  skin  »hou]d 
be  well  clcnnied.  and,  if  nccelMry,  a  little  milk  nbould  be  rubbed  on  !■>  tempt  the  animali 
to  bite.  Th«y  tbould  not  be  removed,  but  allowed  to  fall  oS.  They  cannot,  of  course, 
be  used  Mtain.  Eachleechdrawslroms  to;c.c.  of  blood.  The  quantity  may  be»ome- 
*bM,  iscrea*ed  by  applvine  hut  fomeatation*  alter  removing  the  animals.  II  is  Dome- 
line*  dil&cult  to  ktoD  tnc  bleeding. 

For  cxuerimenlnl  um;.  an  eviiact  may  be  prepared,  when  needed,  by  cruf^hiiiit  the 
Wech'hcoib  with  und.  mnceritlinK  (or  two  houn.  and  centrituxatiiing.  rlacb  kiloKTaro 
*I  animal  rfiuimlhe  hcatl^of  ihiec  loechct,citrac1cd  with  j  c^of  normid  ulinc.  The 
tolutloe  \cnn  ai-ti\-ilv  on  iliiiidinjc.  mure  slowly  in  ihc  cold. 

ImmunUalioH. — )>aity  iDlni\-enou!k  iajeciiuns  ol  lilrudin  into  mice  creates  an 
"■ti  co^ulant  Bubstance,  effective  in  viv«  and  I'u  rUto,  dcitroyed  at  65*0  It  olw 
iMctlvaiM  fluoriib,  but  not  Ihe  catcitim-preciptlaats.  The  mechoniim  of  it*  action 
"*>  not  j«<  been  explained  (\'eia  and  L«o  Loeb,  r9i4). 

Vejirfj.— Hirudin  dilates  (hew,  in  lro(»,  and  renders  them  less  seniitive  to  epS- 
•■•phda  (Kabn,  igii;  Trendelcnburx.  1915). 

TttU  Kftcit.—Vtctii  pTtfiumions  mav  be  injected  intravenously  In  sufficient 
iMMily  to  render  the  blood  non-coa|;ulable.  wilhoui  damaiir  to  the  animal,  Some 
JP«««*«ial  wmplc»  of  hirudin,  however,  ace  hlahly  toxic,  especially  to  dogs,  probably 
•"Jft^  the  presence  of  puirdaclive  baws.  The  symptoms  trom  » 10 15  B^-  P"  •«"»■ 
SI**!  In  dogs,  coniafted  in  *c\-rre  Moody  dianhca  and  coniinucd  voauting,  with  betnoi^ 
'^SfeloJoosof  the  vbocra  (Msrshall.  1915)- 


''ITRITES,  HITROGLYCERTN,  AND  OTHER  ALKYL  NITRATES 

Gcaenl  StatemenL — The  nilrile*.  the  nitrous  csttts  ami  the  organic 

.'^nici,  which  arc  t  educed  lo  nitrites  in  the  body,  lessen  the  tone  of  arlfr- 

*^-l  tnusicle,  thus  produdng  n  prompt  (all  of  btiwd  pressure.    Thdr  other 

*^*«U  lire  unimportant.    They  arc  used  for  the  relief  of  arterial  ;j>pa.sin 

^"^^i  <ilhcr  condilions  of  high  hlood  pressure. 

,.       Hnobers. — This  group  tomprisc*  the  inorganic  nitrites  (NaNOs); 

**^«;  nitrous  esters  (amyl  nitrite,  elliyl  nitrite,  '"Sweet  Spirits  of  Nitre"); 

V*«a  Mbatance*  which  liberate  the  nitrite  ion  within  the  body.     Most 

^''^IJiwlant  amonftst  the  latter  is  glycerin  tri-nitrate  (nitroglycerin   »r 

•^'"iwinl,  which  is  easily  broken  up  by  alkalies  into  a  mixture  of  nitrates 

**^^  lulritta;  a  simUar  change  occurs  in  the  body.     Erytbrol  tctranilrate 
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and  Mannitol  hexanttrate  undergo  analogous  deoompositioos,  but  mocb 
more  slowly.  Kvcti  inorganic  nilrati-s  arc  reduced  to  a  slight  extent 
(Bin2,  1901),  especially  by  Ihe  pulrefaclivc  bacteria  of  Ihc  colon,  and  may 
then  give  rise  to  the  phenomena  of  nitrite  poisoning  Qyxit  tJiis  require* 
very  large  doses  ;iich  as  the  quantities  of  Bismuth  Suboitratc  used  in 
Roentgen  diagnosis), 

HydroxyUmiui,  (NMtOH),  is  decomposed  in  thr  body  into  niirite  and  knunanittin. 
Itpraduccs thtrvffi-cisof  both  t h»c substances (mctbcfflitglabin  fornurion, convubioot, 
CcatrftI   pntnly-sii,  I^wln,   iSSy). 

DiSsffBCeB  inActi'i^. — It  li  Keni-rally  aisumcd  tliat  the  oiKiuiii:  mtratM  *cl  omlv 
ftfter  bdnjt  rrdurcd  lo  mtrilrs;  but  thit  U  not  proven.  The  fact  tbatodsed  t-csseb 
i«»Ct  promptly  to  Ihrsf  nitrati'*  muBr^ls  Ihni  ihcy  may  pcrhap*  RCt  directly.  It-Is 
also  remarkable  thnt  tlie  efFtictivc  dote  ol  nitrD|i;lycrrin  is  but  n  huiidretlth  <u  that  of 
Hdintn  tiilritc.  Prrsumnbly  Ihe  orKJtnic  eiten  penetrate  more  rendily  Into  tbc  edit, 
aad  perhaps  the  rtduclioa  occurs  only  after  ibrlr  penclration  or  there  miy  be  ccrtata 
fwculiadties  in  the  reduction.  These  may  also  explain  individual  differwices  of  »uif<p- 
tibility.  C.  R.  Marshall,  igii,  finds  tliat  the  introduction  of  OR  uiii  COtH  group* 
into  nrganic  nilralct  diminiiihr*  their  vasodilator  mzilnn. 

Tlie  tiilrntes  of  fnunli)-ilrji:  alcohols  are  less  rllt'Cli^e  than  the  polybyddc,  probahljr 
becnuxe  of  slower  decompofiiiion.  Ki(rogl}i.'erin  and  erythrol'ietranitnte  nctquaati- 
tnlivcly  alike  when  ciiii molecular  dows  nre  injcctcil  Into  a  vein;  by  noatb  the  actien 
of  [lie  crythrul  ntcr  h  weaker  and  mure  proluiiKcd,  because  tl  is  ffliicblcn  soluble,  and 
therefore  more  dowiy  nbsorbcd  (Mnrsbnli,  1913). 

Reducing  Properties  of  Tissue.— Many  other  substances  are  nduccd  ln_  the 
tissues;  such  :ire  mdliylcnc  blue,  arsenic  acid;  the  Oxids  of  tellurium  and  Mleaium; 
nitrobcnzol  into  nnilin;  aulphur  into  hydroRen  julphid,  etc.  The  cbanse  is  not  due  to 
ferments  (HclTief,  190;,  iQoS).  The  reilming  power  ufdilTcreni  otunns  vatles  if reatly. 
Many  other  sub^tancF<  are.  ol  course,  oxldiced  in  ihe  tisium,  the  procesm  ol  oiidaliM 
■nd  reduction  going  hand  in  hand. 

Actions  on  the  Circulatioa. — ^The  most  important  effect  of  tbe  nitrites 
is  a  prompt  fall  nf  blond  pressure,  due  to  vasodilation  by  direct  action  on 
the  blood  vessels. 

Course  of  the  Vasodilation. — This  is  first  noticed  in  the  skin  of  the 
face,  in  an  area  similar  In  that  involved  in  blushing,  but  which  may  ex- 
tend over  the  entire  trunk  to  the  ilium.  Tht  nifitingeat  vessels  undergo 
dilation  at  iJie  same  lime.  There  is  consequently  redness  of  the  face, 
beat  and  throbbing  in  the  head,  and  headache.  The  flushing  of  the  skin 
is  brief,  but  headache  is  apt  to  persist,  especially  with  erythrol  tetra- 
nitrate.    The  retinal  vessels  arc  also  dilatctl. 

At  the  same  time  tbc  heart  is  greatly  quickened,  so  much  so  that  a  rise 
of  blood  pressure  is  frecjucntly  observed  at  the  start  (Hewlett,  1906),  the 
dilatation  being  more  than  overcome  by  the  quickened  beat. 

The  dilatation  does  not,  however,  remain  confined  to  the  skin,  but 
spreads  to  other  vessels,  and  rolaxalion  of  the  splanchnic  area  in  particular 
ca\isesaspi:ei\y  fail  i)f  blood  pressure  (X'is.  16)  and  a  dicrotic  pulse  (Fig.  17). 
The  fall  of  blood  pressure  is  due  entirely  to  the  cxtenMve  vasodilation, 
produced  by  the  direct  action  of  the  nltnlc  on  the  arterioles.  The  \-aso- 
motor  center  is  not  inhibited,  but  rather  stimulated  by  the  cerebral  anemia 
(Pilcher  and  SoUmarm,  IQ14).  It  is  possible,  howcvtH-,  that  the  prelimi- 
nary blushing  is  a  ccntr.al  effect. 

Evidences  of  Vasodilation. — ^The  fall  of  pressure  occurs  equally  well 
when  the  cardiac  chances  are  excluded  by  alropin.  The  vasodibtation  can 
be  demonstrated  directly  by  insjieci  ion  (the  blushing) ;  by  plethv^unograptuc 
measurements  (Dossin,  191  il  and  by  Ihc  increased  rate  of  vein  flow. 

Bfleets  on  V«in  Flow  and  Vela  Pressure.  ^Buitoii-Opiu  and  \VM,  1910.  cm 
injecting  nitrite  into  the   frmornl   .irtcry,   found   the   vein   flow  and   vein   ptewnn 
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iocrcaMd  ia  the  corrnfWJoding  leg.  whilst  l!ie  KCDCral  arl«iiu]  jireasuie  naj  practically 
Utchtojicd.  If  nmyl  nitrite  was  iohiklccl,  the  vein  Saw  in  the  kg  ilcrrcnM^  wiUi  iho 
bload  i>iciiui«,  b«caiit<  d{  Ihc  withdrawal  of  ihe  bluud  iiiiu  the  tnore  powerfully  dilated 
vpltachnie  vn%<Iv    Cupps.  loii-ioi.).  alto  found  i  (all  of  vciu  pr<?Murc. 

/m  HMD,  Hewlett,  loi  j,  found  incn;nsc  nf  the  volume,  but  icorccly  of  ibe  blood  flow, 
d  tbe  aim.  Stonul,  igis,  showed  a  ciuitc  dclioiie  increase  of  the  blood  flow  of  the 
tund. 

Th«  Dilator  Action  Is  Peripberal. — It  occurs  after  ligation  of  the  blood  veiseU  of 
cJw  brain  (Mayer  and  Kriedrich,  167$);  after  destruction  ot  the  spiOAl  cord  (Laudet 


I'Tlf' T 


-  i6.^Ax&yI   NilritA  trn  CvoUH   Pr*«iir«,  Doe-     Tli?  nitntt*  i«  mhAlnil  ln-tnt^n  ch«  two 
1  lic««.    The  upper  Im^iD^e  u  taken  from  a  niTDiHl  dou,  lEip  luwrr  aSttr  alropln.    Tli«  hurt 
■nkkeoRl  b/  lb*  sitrltc  in  tlir  upper  IrMJOR*  t><>t  not  in  ihc  Ininr. 

■ton,  iS6o)^  In  excised  oncniu  (Alkinaon,  iSSS;  Mur^iall,  1898,  etc.);  and  even 
zcintd  artenal  ici^mruts  (Cow,  t^ii).    It  n  therefore  due  to  depresiioa  of  (he 

of  the  vascular  mUMTulatuic.  There  arc  atyri  no  convincingdaiaailotbeprecite 
•  fllicaction.    StronxsttmuldtioDof  the  vanumolur  Ill■r^-cl  raise^  tltc  blood  [irtMUrc 

•lurini;  the  nitriic  fall  (BerDhcim;  Mayer  and  Fricdriirh).  ThcnitrileiareiaidlO 
Atcidrsenerationof  the  cer\'[cal  k^dr""-  I'  wcmis  probable  therefore  that  they 
t  ihe  m>'oneutaI  junction  or  muscle  mbstancc. 


AXUJUUuxxMx^^ 


Pin.  i;.—A(ayl  nitrite  on  ■phrrmotnmt  a.  Nonnali  A.  aligr  iabstation  of  tour  dfop*. 

-^^Ugontsms. — Nitrites  are  mutually  anlaRonistic  with  most  vascular 
^^s^trictors;  ihtis,  splanchnic  slimuliition  (Bcrnheim,  1874),  cpincphrin, 
^^'^ phiinthin,  etc.,  rainc  the  blood  ptcwure  ihinnii;  the  nitrite  fall;  and 
**  ">.'TTficly,  nitrites  lu^cn  the  rise  of  these  constrictor  agencies 

^  -..^^^  anlaitonisni  i«  ([uanlllatlve;  /■>.,  »ciallc  RtlmuJation  givct  the  vame  millimeter 
f^^^  durinK  as  hcfurc  the  iiltritn;  uiid  ntlriln  give  the  wioe  millimeter  (all  diiririK  ua 
p^*^""*  ilropbnothin.  hydratlinin,  pltuitaryi  slrychjiin  or  ct^ot.  Thi«  (ugKcnts  that  the 
^?!F*t  of  stuck  of  the  aiifiles  !n  different  from  that  of  the  pmssor  agCDdca  (Pjlcfacratid 
"mana,  1915). 
»  ^^umeron,  11)06,  propo*cd  to  utilize  the  anlasonum  for  the  bio-onay  of  cpinephria. 
^j^  "tales  that  0.6  tag;,  of  nitroglycerin  exactly  neutrall«es  the  prcwor  effect  of  0.0075 
'^■of  eiiinrpbiin. 

ah«  Vasomotor  Center. — This  is  not  depressed,  hut  rather  stimulated  by  it* 
,  "^niia;  the  alimuliiiion,  however,  ciin  not  overroinc  ilie  peripheral  deprrv>ion.  Thi» 
'w'^**"™  ^  **"  pwf""""  eupciimetils  of  I'ilchcr  and  Sollmann,  loif.  Simihitly  the 
^K>ud  proMire  doea  not  (oil  if  a  Ditiite  ia  Introduced  Into  the  ccrcbrsl  circiilation,  but 
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prtvcnicr!  from  ri^iirhins  ibc  sj-stcmic  vtswlx.     (FUetiM,  1874,  bad  ^-I>Ildud(;'l  tlut  Uie 

Vdisotnolijr  iniler  ii.  dtpri-ised.) 

The  Pulmonary  CirculatlML— The  |>ulmonary  v«Mel»  sr«  not  so  markedly  diUled; 
Indeed.  Mocht,  1914.  found  cnn&lricUon  in  cxdaed  pul(uunur>'  aiteries.  The  preuiue 
in  the  pulmonary  urtcr^'  is  Kcnerj.lly  sliRhli^  iQcrrawd  ( Htudfiinl  *nd  I>t*n,  1894; 
rHcdl  lilcraiuri;  in  Wiggen,  1911).  Theiueb  probably  due  partly  to  the  engorge- 
ment of  the  Urge  vrins. 

The  Coronary  Vessels. — The  outflow  from  the  coronao'  veins  is  in- 
creased in  intact  animals  (F.  Meyer,  1912;  Schloss.  1915)  and  in  excised 
mammalian  hearts  (O.  Loeb,  igoj).  The  coronarj*  vessels  are  therefore 
(lilaied  (also  txdscd  arterial  rings.;  Vorgtlin  and  Macht,  1913);  and  the 
coronary  circulation  is  improved.  This  explains  the  bencAciaJ  action  in 
angina  pt'Cluris. 

Intraocular  Tension. — This  is  raised  by  amyl  nitrite,  c^th  when  the 
general  blood  pres!^;ure  is  Imvired  fU'csscly,  iijif).  This  enjoins  caution 
when  using  nilrilcs  in  giauioma.  The  reittMl  vasds  arc  also  dilated 
(Hirschfcldcr,  1915). 

Th«  TacbycttrdU.— Tills  is  due  mninly  to  dcprcfslon  of  the  vagns  raaicr,  for  afMr 
MCtion  of  Ihc  va;;!.  or  after  atiupiD.iiitrildi  cause  but  little  further  BccelenliOfi  (Maytf 
and  Fricdrich.  i&ii).  The  uli^ht  remaining  quickening  i«  aboltthcd  by  djridtM  Ibe 
uccderaton  (Du>uin.  i9ii)-  'i''>^  ro'c  t>(  Ibc  excbnl  heart  b  ool  chan|t«d  b^  luiritc* 
(Plumict,  190J).  The  excitability  of  (he  vagui  trunk  to  direct  electric  stimuUtioB 
pcrBists. 

The  deprtasion  of  the  va^us  cimter  Is  due  to  the  fall  of  blood  prM«u«,  and  do*  to  a 
direct  action  of  the  nitrite,  for  no  quickenini;  occur*  if  the  prvisure  u  kept  level  by  partial 
comptvuion  of  the  nortn  (Filchne,  1^79;  Sollnuinn).  The  vAgui  center  may  tUU 
rnpund  to  »ln>ni;  rcOci  Hlimutalion  (Mayer  and  Kriedrich). 

Ih  man.  the  uccelcration  on  inhalinjt  amyl  nitrite  ii  eoiuideruble.  often  to  doubU. 
Nn  acceleration  orcurs  in  heart-Hock.  "Thv.  ha«  a  dlognoitic  value,  smilar  to  atroptn 
(Belloit  and  DuBos,  iijij). 

Character  of  Pulse.^As  the  result  of  the  quickening,  the  fxciirsians  t^ 
Ike  heart  arc  .tmnllrr.  The  blood- pressure  waves  appear  particularly  low, 
because  the  pressure  wave  is  more  readily  dissipated,  on  account  of  the 
dilaution.  Tlie  pulse,  on  the  other  hand,  may  be  bounding,  because  the 
arteries  are  emptied  more  completely  during  diastole. 

The  heart-muscle  shows  no  important  direct  change;  however,  the 
better  coronary  circulation  and  the  lowered  peripheral  resistance  may 
improve  and  relieve  a  weakened  liearl  (MacNider,  190S). 

Tbe  excised  majmnaliaji  heart  y,  M-mcely  affected  by  moderate  doM«.  perhapa 
slightly  slimulntcd.  then  dcpiciicd  (I.ocb.  looj;  Plumict,  igo;;:  Uosun.  igii). 

The  exciffd  frog's  luiirl  may  be  quickened  by  low  concentration*  (1:10,000);  hiibM 
concentrations  weaken   (1:5,000),  or  stnp  ft:i.ooo)  the  contraction. 

Methemoglobinemia. — Excessive  dose«  of  nitrites  form  methemo- 
globin  (Gamgee,  1808)  and  this  causes  cyanosis  and  asphyxia.  However, 
since  the  blood  corpuscles  are  not  destroyed,  the  animals  generally  recover. 

Respiration. — This  is  accelerated  (Mayer  and  Friedrich),  probably  by  the  cbanmala 

the  blood  and  circulation. 

The  Bronchial  Musdea.— These  are  rclnicd  by  nitrites  (Doyon,  1906;  cxciicd,  Titoae, 
igij;  sutvivini"  iuiiK?.,  Bachr  and  Pitt,  igij).  This  maj'  cxplnin  Ibw  ujr  t»  aillumt 
TTic  smoke  of  the  "Charm  Polassi  Nilralis"  (paper  impregnated  with  aaltpcWt] 
probably  oucs  h  (larl  of  its  elTrct  to  nitrite  compoundi. 

Gall-b ladder.— This  is  relaxed  by  nitrite*  (T-ieb  and  MeUlioncr,  1015). 

Intestinal  Muscle. ^Hir^hfctdcr.  loi;.  finds  that  the  «>-«iem!<:  adminbtratlan  ef 
nilritv)  rvlaxi.':  ihv  intc^tin.il  coniiriction  prcHluccd  by  lead  salts.  It  baa  been  uaeA 
clinically  in  lead  colic,  but  with  limited  »ucccu. 


» 


DiCasUOB. — N'itrili-i  cause  some  ilighl  inlcrfcreiicc  wilh  llie  di}(«Uve  {ermenU 
(TIale,  tQio);  bul  probnbly  nut  enough  to  be  importani.  Sodium  mtrilc  U  buppoMd 
to  produce  tonic  xiulrk'  irrilutioii,  by  tlic  lilieniliun  ■>(  nitrous  acid — this  is  not  sumdcnt 
toiBlcfefc  with  it*  tiicr-ijicutic  uie. 

Drin*. — The  vnriafii'ii'  priiiuri'ii  in  the  Bccrelinn  of  urine  ayprm  lo  bir  piirel)'  vc<i>n- 
(lUT,  Bud  i'H\  depend  upuii  uhcthur  the  rciial  srlfriole^ur  th<.>S('o(  thrKeiitral  I'iiculnlion 
are  relatively  more  dilated;  the  former  cauung  aui  increase,  the  latter  a  diminution,  o( 
Drlac.  ' 

/n  patUnlt  mlh  exttssirdy  Mik  blood  pressure,  Ihe  nltiitM  jtennally  Incrcaar, 
•ometimot  quite  considerably,  the  excrdion  of  urine,  nitiogen,  total  solidi  aad  phenol- 
ndpboDephuuJcin  fLttwrcncc.  191:). 

RMSure  of  tll«  Cerebrospinal  Fltiid. — Tliib  is  icicrra»c<t  by  ainyl  nitrilM,  pietum- 
■bljr  through  the  mcIhi-mngK-hin  .v^phyxiii  (IMxon  and  IloUiburlon,  1913 nnd  1914). 

The  effects  oa  metaliulisin  have  been  studied  by  Surveyor,  1906. 


Temperattire. — Small  doses  have  no  effect  on  normal  temperature, 
but  are  antipyretic  ia  fever,  by  dilating  the  skin  vessels  (Jacobj,  1913; 
Krau.ts,  1913).  Ethyl  Nitrite,  a-^  "Sweet  Spirits  of  Niter,"  has  been  used 
popularly  as  a  diaphoretic  and  diuretic.  Its  action  is  not  very  energetic. 
Large  dosca  of  nitrites  also  lower  the  normal  temperature  by  depres^ng 
the  ciroilation. 

t'aU. — Some  60  to  70  per  cent,  of  the  nitrites  disappear  in  the  body, 
their  fale  lieing  unknown. 

Rapidity  and  I>unition  of  Action. — This  constitutes  the  principal 
difference  hctwcen  the  members  of  the  group.  Amyl  nitrite,  when 
inhalc<l,  acls  in  ten  to  fifteen  seconds,  the  action  disappearing  again  within 
seven  minutes.  Glyceryl  trinitrate,  ethyl  nitrite,  and  sodium  nitrite 
act  in  two  to  ten  minules,  the  action  peraisling  a  half  to  two  hour?.  With 
erj'throl  nitrate,  the  effects  appear  only  after  half  an  hour,  and  last  five 
hours  (Wallace  and  Ringer,  r^o^i;  E.  Matthew,  1909;  Rzenkowski,  1909; 
|J.  L.  Miller,  1910). 

1'hc  (nltoirinK  table  from  Matthew  shows  in  detail  the  averauc  relation  for  oral  od* 
mi nist  ration  in  man.  (The  fall  in  diastolic  pressure  it  about  hnlf  of  that  In  the  s>'*taiic 
,,pmwrc;  lAwrcncc  1912O 
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■  SyMolIc  blood  [inHUK. 

Influence  of  Dosage. — The  extent  of  the  fall  increases  with  the  dosage, 
[tlie  increa-.e  becoming  progrr«sive]y  smitller.  The  duration  of  the  action 
tU  not  so  much  iiithitnccd  bv  the  dosage. 

Influence  of  Pathologic  Conditions. — The  average  effect  is  abotil  the 
Nunc  Jn  disease  as  in  health.  In  cases  of  abnormally  high  blood  pressure, 
the  absolute  tall  is  greater,  but  the  percentile  fall  and  the  duration  are 
lie  same  (Wallace  and  Ringer). 
Idiosyncra^. — DitTerenl  patients  vary  considerably  in  their  reaction, 
some  fail  entirely  to  respond  to  the  nitrites,  especially  those  with 
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chrnnic  Brigbt's  diecasc  and  edema,  but  also  in  other  conditions.  Sonu>- 
lime*  one  member  of  Uie  group  will  succeed  when  uiiotber  faiU.  No 
result  tieiTfl  be  expected  li  the  arlcrial  fibrosi.*  has  destroyed  most  of  the 
mti-icular  libers.  ITic  tolerance  is  often  very  marked.  In  other  patients, 
even  small  doaes  caused  alarming  syncope  aad  cardiac  slowing.  The 
severity  of  the  headache  is  also  variable. 

Habituation.— Tills  usually  occun  more  Or  less  if  the  administralion 
of  nitroglycerin  is  continued,  often  in  two  or  three  days.  The  <toMige 
must  then  be  increased  or  the  response  disappears.  Suspen^n  of  the 
administration  for  a  few  days  may  restore  the  susceptibility.  Matthew 
claims  that  the  tolerance  is  not  acquired  with  sodium  nitrite  or  crythrol 
telranilriite. 

Therapeutic  Use  in  Arterial  Hypcrtonus. — ^The  nitrites  are  employed 
mainly  for  reducing  the  blood  pressure  in  conditions  of  arterial  hv'pcr tonus. 
The  effect  is  not  curative,  but  the  symptomatic  relief  of  the  heiuiache, 
etc.,  is  usually  marked,  outlasting  the  blood-pressure  effect  of  the  single 
doses.  However,  they  usually  lo.te  their  efficiency  after  a  altort  liroe. 
Increasing  the  dose  generally  produces  unpleasant  symptoms — headache, 
restlessness,  sometimes  dyspnea.  Tliey  must  therefore  generally  be 
alternated  with  venesection,  sweating,  nauscanis,  etc.  TbcefTctl  of  these 
is  usually  less  marked  but  more  lasting  (J.  L.  Miller,  1910;  C.  H.  Lawrence, 
1912).  Nil roglycerin  and  sodium  nitrite  appear  to  be  the  rao*l  useful; 
the  action  of  amyl  nitrite  being  too  brief,  whilst  crythrol  tetranitrate 
often. causes  intense  headache.  Sodium  nitrite  is  said  to  (cive  least  head- 
ache (Hewlett.  iQtr). 

Administration  and  Dosage-^ — ^Thc  dosage  of  the  nitrites  should  be  kept 
as  low  a»  possible,  lo  prevent  the  rapid  development  of  tolerance.  It 
is  best  to  give  just  enough  to  cause  a  slight  quickening  of  the  pulse,  and 
feeling  of  fulne^^in  the  head;  or  a  fall  of  systolic  pres.4ure  of  about  30  mm. 
This  dose  may  be  given  four  times  a  day.  The  initial  dose  may  be  0.5  mg, 
(Kuo  ?•"■)  of  nilriiglycerin,  increasing  gradually.  The  e<)uivalent  doMS 
of  the  other  nitrites  are  shown  on  page  379.  The  treatment  may  be 
intermitted  for  a  few  days  in  every  two  or  three  weeks,  starting  again  with 
a  smaller  dose.  H>*pod«rmic  injections  are  rarely  needed,  the  drug$ 
being  readily  absorbed. 

Cardiac  Insufficiency. — The  relief  of  the  heart  from  exceitsive  resistance 
may  render  nitrites  useful  in  these  conditions.  Nitroglycerin  (i  mg.) 
is  used,  generally  in  combination  with  Uigitalis. 

Angina  Pectoris.~^The  inhalation  of  amyl  nitrite  was  Introduced  by 
Lauder  Urunton  in  1867.  In  some  cases  (presumably  with  spasm  of  the 
coronary  arteries)  the  relief  is  complete;  in  others,  probably  of  different 
pathology,  it  is  ineffective.  One  lo  i  dro[w  of  the  promptly  acting  amyl 
nitrite  are  inhaled.  It  may  be  carried  in  thin  glais  capsules,  "pearls^" 
one  of  which  is  crushed  in  a  handkerchief,  as  needed. 

Migraine  samctimcs  yields  to  nitrites,  ptnumablv  in  ihoiecaiciUtributcd  lo^pMMii 
of  the  ccirbinl  niicrief,  Epilfpiy  ii  alui  ttCiA  10  be  mimrtiaiH  bcncfitn].  Rdid  ti 
Ltad  tulk  (kicKcl.  t^;S)  has  been  cUimcd.  L>ul  tiic  vllidi-ncy  u  ut  bnl  uordiiLble. 

IntenuJ  HemoRhage, — The  bwcrol  bloud  prcuurc  woulil  tend  to  >ttot  befnorrinec 
but  the  bleeding  nould  be  favored  by  thir  dimi  ctilalor  action.  Th*'  mullant  of  (but 
opposite  tcnilrncir*  i;  difficult  10  fomce,  nnd  prnbnlrly  varies  villi  different  concfilioaL 
Nilri(c»  would  thcrclorc  be  unreliuble  remedies.  Expert  men  tally.  Ftrv,  1909,  fooad  • 
ililtlil  tncreaK  of  pulaiJooary  hcmorrbBge;  Ljmh.  1907,  cUims  ditninulion  ot  JQtwtlaii 
bemorrhugc. 
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UDbnrard  Effects. — Occasionally,  therapeutic  doses  may  cause  faintinj;. 
Other  side  actions  which  may  occur  arc  localized  edema,  excessive  sweating, 
and  visual  disturbances  (Cornwall,  1913). 

Toxk  Effects. — Nitroglycerin  hiu  a  loxicoloKic  impurtancr  from  iu  use  as  an  exple- 
tive. Uv<-[il(isi^  produce  n»UM:n,  vumiling,  colic,  nnd  tomctimcs  bloody  diarrhea. 
The  skin  It  Iluniied  ntul  pcmjuHnK.  Thcrr  i>i  verliKO  and  pt-rsislcct  tlirobbing  be«diiche: 
r»iely  blindn^■^■i  ami  licliriiim.  The  respinilion  U  first  liyprrpneic,  then  dyspncic  and 
tlowed.  The  Mirliici'  bnumct  cold  mid  cyaiiolic;  tlie  pulse  is  Krudunlly  slowed,  dicrotic 
and  intennillcnl.  Pnialysis  sets  in.  nnd  is  followed  by  donic  convuUioni.  The 
reHem  nrc  lo«t,  Dcnth  occuis  by  fniUirc  of  resptrntion,  nftcr  faur  to  seven  houn. 
The  /lOiU  dose  va.tii-s  greatly.  D.  D.  Slcw^irl,  luo.;,  reports  ».  patient  in  whom  lo  gr> 
o(  ntMolule  nitroglycerin  ptwluced  only  slight  cffe<t*. 

,4iiiir^(iii». — Xitrogtyccrin  is  reiujily  tibaorbcd.  Rvcn  ihc  Application  of  it  to  the 
»kin  caubcs  some  eSccl.  nnd  persons  ciigaj;ed  in  its  majiutuclurc  suffer  scvrrrly  from 
headache  durios  the  first  (cw  Aayt,  After  Ihit,  however,  ihry  uppear  to  be  ijuite 
tuuficctcd,  unleH  they  l»ve  work  for  several  weeka  and  then  resume  the  occupntion. 
The  work  is  said  to  be  not  unheaJthful.  The  locoi  octtoti  on  the  hands  may  rc«ult  in 
akia  enu>tioD.i  and  ulcerations. 

Smokdtis  iunfeuilf/i  (nitro([lycerin,  nitrocellulose,  etc.),  when  exploded,  liberate 
SMCS  which  produce  the  cunibincd  ellecls  or  nItHte»  «tid  nsphyxia.  The  principal 
products  are  SO,  inilroKcn  peroxid)  ind  CO  (Kitfer,  igos).  The  vaBodiltitioQand 
tacbycaidia  are  followed  by  pcmilent  headache  ("powder-headache"),  which  docs  not 
r«ld  (oacctanilid,  etc.,  but  i4  bett  (rcatcdby  strong  colTce,  and  poultices  applied  to  the 
bade  of  the  neck. 

Sodlfim  nitrite  produces,  in  ommals,  symptonu  MmiUr  to  theoe  of  nitroglycerin 
(DoMJn,  iijii). 

Atayl  nitrite  nlso  hut  simitar  effects  f  Rosen,  1838). 
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PREPARATIONS — NITRITE-GROUPS 

•Amylit  Silris  {.\myl.  Nilm),  U.S.P.;  Amyl  NUrii.  B.P.;  Amyl  Niulte.— A  liquid 
oontaiainir  not  leM  thun  80  per  cent,  of  CiHuNO]  (chiefiy  iso-umyl  nitrite).  A  dear, 
jrellowitli  liquid-  peculiar,  ethereal  fruity  odor;  jtungent  .iriim.ilic  ia*U-.  Alniosi  imol. 
in  water,  nusclblc  wilh  nic.  or  eth.  Amyl  Nilnle  Ls  vvrj*  volalilc  even  at  a  low  Ifm- 
peratuK,  and  is  inflammable.  Dase,  by  inhalation,  o,i_c^,  j  minims,  U.S.P.;o,ta  to 
a.ic.c,,  a  to  e  minims,  II. P.  It  may  be  carried  in  thinglaaf  capaulet,  pearls,"  one  id 
which  is  crusneil  in  the  liand kerchief  as  necdrd- 

Erytkri^  TetnnilrJlf,  N.N'.R.  (Tetrnnitrol),  CiKtCNO,)^— Colorless  ond  tasteleM 
Ctvstals,  sol.  in  ale.,  intol.  in  wafer.  Dnngcrously  explosive.  Dotf,  o.oj  to  cxo6  Om., 
H  to  I  gr.,  N.N.K.,  In  tablets  of  o.oj  Gtn. 

Li^.  Blhyl  .\itriS.,  B.P, — J.j  to  3  per  cent,  of  CjIli-NOj  in  alcohol.  Date,  1  lo  4  ex., 
15  to  60  minims,  B.P. 

'Sfirilut  ^itrls  Nitnti  (Splr.  Aelh.  Nit.).  U.S.P.,  B.P.;  Spirit  of  Nitrous  Ether 
(Sweet  Spirit  of  Niter). — An  alcoholic  solution  of  elliyl  nitrite,  C'tKiNOj,  containini 
about  4  per  cent.,  U.S.P.;  *  per  cent.,  B.P.  (ft  also  tont.iins  aldcliyd,  pornldehyS 
and  ethyl  nitrate;  but  thcM  do  not  contribute  materially  to  n%  action;  Marslialt  and 
Gikhrisl,  iQis).  A  pale  yellowish  liquid,  of  ethereal  odor  sod  sharp  taste.  Miiciblc 
with  water  and  alcohol.  Deteiioratei  readily.  tntompalibU  nilh  nntipyrin,  morphin 
and  iodjdii.  Brownish  color  nlih  tiklicylate*!  sliebt  elfeivesccuce  with  uva  iii>>i.  buchu, 
and  acetates.  The  nddiiion  0/  watee  throws  ethyl  nitrite  out  of  solution,  which  then 
eraporatcs  rapidly.  lonrrinK  the  strcniith.  Dilution  should  therefore  be  miidc  shortly 
More  adratntst ration  (Marshall  and  Gikhrisl,  1915).  Don,  3  c.c,  30  minims,  U-S.P.; 
I  to  4  c.c,  15  10  bo  minim^  B.P. 

*Sfirilus  Gfycrrylu  NUnth  (Sp.  Glyeery!.  Nil.),  U.S.P,;  Liq.  TrinUrini,  B.P.; 
Spirit  of  (;i)'cerj-l  Trinitrate;  Solution  of  Trinitrin  (Spirit  or  Solution  of  Niiroglvcerin 
otClotioinl. — An  alcoholic  solution  of  1  tier  cent,  of  Cilli(NU.li.  A  clear colorlesa 
fi?»iil,  •ith  odor  and  taste  of  alcohol,  iliseible  with  water  and  alcohol.  D«st.  0.05 
*<~ij»uiuni.  U.S.P.;  0.0]  too.iic.c.,  H  to  z  minims,  B.P. 

'TOdlts  Trlnitrini  (Tab.  Trinitrin.),  B.P. — 0,5  mg.,  i<ao  fP-  l>o$t,  1  or  1  tablets. 
P* tommcrcial  tablets  arc  fairly,  although  not  quite  uniformly,  active.  They  do  not 
•ttriwale  verj-  rapidlv  (P^dmunds  and  Roth,  190S;  Rippetoc  and  Smith,  1014). 

'Hsd.  Mull.  It.S-P,,  B.P.;  bodium  Nitrite,  XaNOi,— Freely  sol.  In  water  (i  ;  i.j). 
™e,  o^Gm.,  I  gr.,  UJi.P.;o.03  too.ii  Ota.,  M  to  1  gr.,  B.P.    Maximum  dose,  0.3 
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THE  DIGITALIS  GROUP    . 

General  Statement — Digitalis,  Strophanthus,  SquiU,  Apocynum, 
Barium,  and  a  number  of  oilier  drugs  increase  the  tone,  excitability  and 
conUattility  of  cardiac  and  arterial  muscle.  The  ^-agus  center  is  aUo 
Btimulaled.  With  therapeutic  doses,  these  actions  result  in  slower  but 
more  powerful  beats  of  the  heart,  which  brin^  about  compcniuilton  in 
valvular  cardiac  lesions  and  thus  relieve  the  symptoms — the  irregularities, 
edemas,  congestions,  d.vspnea,  etc.  Under  these  conditionit,  there  is 
often  marked  diuresis.  The  blood  presiturc  is  gencraUy  unchanged  in  man, 
usually  increased  in  animals. 

The  effects  set  in  slowly  on  oral  administration;  almost  immediately 
on  intravenous  injection.  They  tend  to  be  cumulative,  and  to  outlast 
the  administration  for  a  considerable  time. 

Toxic  dosc5  produce  vomiting,  cardiac  irregularity,  and  sudden  heart 
failure.  The  recognition  of  these  toxic  eSects  is  important  since  ibey 
often  arise  from  the  cumulative  action. 

The  members  of  the  group  are  local  irritants.  Their  hj-podcnnic 
injection  is  j>ainful.  Their  absorption  from  Uie  gastro-intcstinal  canal 
is  slow  and  often  uncertain. 

The  active  principles  are  generally  neutral  glucosids,  and  therefore 
rather  unstable,  especially  in  ;icid,  ii(]ucouit  solutions.  Digitalis  contains 
several  distinct  glucosids  with  similar  actions,  of  which  the  crystalline 
Digiloxin  is  the  most  important.  Tlie  various  "slrophaniJiIns"  arc  derived 
from  several  plants.  They  arc  chemically  related,  but  differ  in  activity 
and  toxicity  according  to  their  origin. 

All  the  characteristic  digitalis  effects  are  produced  by  all  the  members 
of  the  group,  so  that  a  single  description  will  suffice.  The  differences 
between  them  are  only  quantitative.  So  far  as  they  are  known,  they 
will  be  pointed  out  as  occasion  arises. 

Dni^a  Producing  Digitalis  Effects. ^.\  conaiiJctablc  niimbci  of  dnigt  coDUiBliis 

tlucosidi  with  "liiKitiilis''  iictlon  atv  u»cd  in  nwdicid  juacticc;  such  as  Dl^uEt, 
tioph»nthiu,  Squill,  and  Apofynum.  Of  leu  practical  importance  atr  tlcllebotti*, 
Adonic,  CvnviUuria,  Oleander,  L'litirunlhus,  e(c.  DiEilAlcad  glucoUds  arc  iin[>ortaiit 
conililuenls  of  arrim-'poUoHs;  vh.,  slrophanlLiu,  ouabain,  antiarin.  MiX'sathcrin,  etc 
(Ttendclrnburg,  1909).  Tlie  loiic  principlct  found  in  the  tkin  and  Uood  of  the  cmb- 
inon  tuad  (Bufonin  und  Bufotnlin)  produtc  lynic*!  diRllaUB  effects.  Tbey  appMr  to 
be  n on- nitrogenous  dcrivalivrs  of  ctiolcturin  [review,  Fautt,  igto).     A  very  umBw 


prindpic  (Bafogin)  b  runtaiiiKl  in  thu  "j>»roli(l"  g1iuid«  of  the  tropical  toad.  Bula 
ngun  (.Abd  and  Macht,  igtt).     Fra^'  skm  also  bus  a  nmilBi  but  much  weaker  actloa 

md 


(Kuebner.   igto).     Erylhmfhkin.^  s.  gturo^idal  Blkaloid^  can  be  counted  in  tbe_ 
Other   alkaloids — ^veralrin,   caffein,  curin.  cpiuephrin — remind  tomevhat  ol  "" 

but  arc  noT  typical.     Barium  salts,  alkaline  tiydratei.  and  even  aonaal  salioc  . . 

produce  cardiac  actions  which  resemble  digitalis,  but  the  rcsembluioe  may  only 
tupetficial. 

Active  Constituents  of  Digitalis. — These  comprise  a  number  of  gluco- 
sidal  principles,  of  which  digitoxin  is  the  most  important. 

Wd|.dclincd  cbemic  principles  vrcrc  first  isolated  by  ScbnuedebeT;,  1875;  hit  rttolu 
were  Kenerally  cou&rmea  »nd  eilcnded  by  Riti^ni,  i$90  to  iSogi  but  our  utawkdct  li 
still  incomplete  und  <he  nomenclature  cuniiising.  Some  K  not  all  ot  the  KSioirpha«a 
producls  arc  probably  mixtures.  The  differcni  glucowd*  yield  chotactcrixlic  decMS' 
pat>ilion  products,  Merck,  igi!,  in  his  "Reports."  vol.  IS,  Kraft,  1911  aad  Kfliapl. 
191J.  '9''1.  gi^e  a  summary  of  our  present  knowledge. 

Pure  Principles. — These  can  be  conveniently  diriiled  into  four  classes  ^ 
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I.  CryatrfKoe;  alcohol-soluble:  Oigiloxin,  Schm..  Kil.'»  CJ4H41O11. 
This  \i  the  best  defined,  must  abundant,  most  active,  and  therefore  thie 
most  important  of  the  constituents  of  the  leaves  (0.23  to  0.4  per  cent.),  but 
does  not  occur  in  the  seeds.  It  forms  cryslaJs,  readily  soluble  in  alcohol 
or  chloroform,  difficultly  soluble  in  water  or  ether.  It  can  be  split  into  a 
hexiWc  (digitox(y>e)  and  the  crystalline  digitoxigeniii  Kil.  It  is  easily 
destroyed  by  ferments.  It  produces  all  the  characteristic  digitalis  effects, 
but  some  o(  the  undesirable  side  actions  are  too  prominent. 

Diiilophylllt,  Kil..  U  n  similar  crystalline  principle  <i(  the  lenvra.  Ankyiraiitalin, 
Kraft,  is  also  a  duscly  rektcd  ooostituent  of  Digititli»  Intusbiu. 

a.  Amorphous;  alcohol-sol uble;  Digiudin  Verum,  Schm.,  Kil.:  Cji- 
HjtOn-  Occurs  in  llic  leaves  and  seed.  Slightly  soluble  in  water,  chloro- 
form and  ether.  Splits  into  dextrose,  di^taligetiin  and  digitalose  Kil, 
Produces  t>-pical  digitaUs  efiects,  being  about  half  as  active  as  dlgitoxin. 
The  name  "digitalin"  is  often  misapplied  toother  products  and  mLtturcs. 

3.  Amorphous;  water-soluble:  DigUaifin,  Schm.,  KiL;  Citalin,  Kraft, 
1911,  lyia;  and  D'lgalen,  Cloetta,  are  probably  mixtures  (KJliani,  1913, 
J9i4)o(  related  substances.  They  occur  in  the  leaves  and  seed.  Insoluble 
in  chloroform.  They  produce  digitalis  effects.  (The  name  "digitaleiu" 
was  formerly  also  applied  to  other  proilucts.) 

4.  Water-soluble  saponins:  Dig,itonin  [Digitsaponin);  this  occurs  in 
a  cr>'Sialline  and  amorphous  form.  The  crystalline  is  less  readily  soluble 
in  water.  Uoth  are  only  slightly  soluble  in  alcohol  and  Upoid  solvents. 
The  crystalline  Digitonin  Kit.  was  considered  a  definite  subsL-ince,  which 
can  be  split  into  a  liexose  and  digitogcnin;  but  Windaus  and  Schncchen- 
berger,  1913,  consider  it  a  mixture,  from  which  they  have  isolated  Gttonin. 
The  amorphous  Digitonin  Schm.  (Digitsapomn.  Kraft)  is  probably  a 
mixture  of  the  crystalline  with  several  amorphous  saponins  (Kraft). 
The  digitonins  are  precipitated  by  tannin;  they  combine  with  many 
alcohols  and  phenols  to  crystalline  compounds.  Digitonin  does  not  pro- 
duce the  digitalis  effects  but  ha^  the  irritant  and  hemolytic  properties  of 
the  saponin  group.  The  digitsaponins  of  the  leaves  are  not  hemolytic 
(Robert,  1911). 

Inactive  Ptindples. — A  number  of  IheM  have  been  JMlatcd,  »uch  u  the  crystalline 
glucoiid  (i/tR  unti  diiin,  Krafl,  iQii,  liom  the  Itavn, 

Commercial  DigitaUns. — These  are  impure,  often  variable,  mixtures 
of  digitalis  principles.     The  following  arc  the  most  important  varieties: 

Oifilailtt  "Amorphous;''  genMiilly  means  FreDch  or  Bplgian  digilnlin  (dj^tlaline 
chlorotarmique);  uncertain  compMJIton;  insoluble  in  water  (perhaps  mainly  Di^tolin 
Schiii,). 

OitUaiim   "CryilaUiitd;"    cbjcctiooabk    »/nuaym    (or   Di)citoma;  for   NativeUe 
[frcncb);  nod  for  Di^toiin. 
,     DifiliMi 
imlvSth  in  w>tfi. 


lat. 
oik; 


KfUnlin   "  Ui/nwlk,^'  mixiurc  of  glucoddsi  mainly   true   Di^itAlin;  prsLClicsfly 
ifiwle  In  watn. 

O^Min  "  Xathrlte;"  crystalline,  probably  mainly  Uigitoxin  or  Digilophyllin. 
DifiUlii  "Gtrmatif'  amorphous  mixture  from  seed)  contninii  ntindpolly  Uiaitnnin 
(So  to  bo  per  c«ni.}  *n  j  Mmc  UJgliatin  verum  (;  to  6  pet  cent).,  ana  DlsttalCin.    Soluble 
f  **l«r  or  aJcohol. 

Galenic    DigitaUs    Pieparatioos. — The    marked    differences    in    the 

^^ubiliiy  of  the  pure  principles  is'mui'h  less  important  in  the  galenic 

^iWtejiarations.     Even  digitoxin  is  largely  extracted  from  the  leaves  by 

**-*.cr,  presumably  by  the  solvent  action  of  the  digitonin;  so  that  a  1:10 

■Schm.  •SchmicdcbciKiKll.  ••  Kitiani. 
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infusion  contains  two-thirds  of  the  digitoiin  of  the  leaf.  The  effects  ol 
tlie  infunion  and  tincture  are  Uierefore  nr^-irly  equivalent.  The  infuUon 
is  practically  inferior  because  of  its  rapid  detcrioralioo. 

Variatioiu  in  the  &lcoholic  strtngth  of  the  lucnstruiun  between  J5  knd  95  per  eeat. 
nuikc  lillle  iliflcrrnte.  The  fluidextnu:!  ii  unnliable,  beiati  only  three  tims  lu  activa 
0*  the  tincture,  iMteod  often  limeK,m  it  should  be  thcoreikktly  (Hale,  191  ■)-  Gl)rccriii 
eslracti  an  Inferior  (Rlppeloo,  1910).  Addltied  cxlracis  are  wc^k  anil  unrell»bl« 
(Peanon,  igtj). 

Powdered  digitalis  Is  often  used,  but  is  talhcr  more  irritant.  All 
thin^  considered,  a  good  standardized  Tincture  is  still  the  best  and  most 
reliable  prep^imlion. 

DeleriotatioQ  of  Digitalis. — Tlie  principles  are  stable  wlicii  dcy  or  in  alcoholic  »otu- 
tions;  bui  likf  all  glutosiib,  they  are  luijiecl  to  decomposilion  in  the  j>raeDce  of 
water,  capcnnlly  by  bacteria,  moulds  or  »cld§.  This  letulti  in  Iowo(  activity;  tbcic  is 
little  vviilciice  lur  tlie  statement  tliat  itic  loiucity  is  Incrniied.  J.  lx>ewy,  tpo6, 
claimed  that  an  infusion  bit  nearly  1 ;  pet  cent,  of  its  activity  by  Mandis^  tirenty-four 
hours  nt  room  Irnigiernture;  but  llntcher  knd  KoitlcstOD,  I915,  found  It  proctically 
HUcliaiiKed  n  wi'ck  or  longer  under  onJiuary  coniJilioiu,  The  •■]<Iltlon  of  akobol  ■■ 
not  necesMiTy.  Adds  are  incompalibU  with  the  diiiialoid  glutosUt,  allbou^  they 
have  been  employnl  in  8onie  of  the  pt<-parntionR,/.j.,  of  SquiUs. 

The  lim-lurm  11111I  itreiHiraliuni  conlaininjc  at  li'iLst  JO  pet  cent.  oC  alcoliol  do  not 
deteriorate  materially  (Miarp  and  Lankiuier.  igio:  and  mle,  1911,  claim  a  ilisht  de- 
terioration after  a  year).  Synies,  J013,  found  that  the  B.P.  tinctures  bcfiin  to  dclcrio- 
rale  in  three  to  five  months.  After  a  year  or  two  they  teach  a  level  after  which  furtbct 
del eri'irn lion  is  very  slow.  The  dry  havei  keep  indefinjlelv  (Shatri  and  Lankastcr; 
HaiihuT  anil  Kggkston.  141  j).  mi  lone  .is  they  arc  not  mouldy,  without  tbc  itcccwity 
of  the  elaborate  precautions  advocat«l  by  FocL,  1^.  llicy  an  not  Enjiutd  by  heat 
of  I  jo'C.  but  suffer  above  140'  (IloJe,  191 1}. 

Chemistry  of  Stiophanthins. — Great  confusion  exists  &t  to  the  identity 
and  rdaliiias  of  the  scvTral  kiiid^  found  011  the  market  and  isolated  by 
different  investigators.  This  is  due  partly  to  incomplete  knowledge 
of  the  plants,  parlly  to  ignorance  uf  the  consUtution  of  the  substances; 
and  largely  also  to  carcle^ss  nomenclature.  They  arc  sonielimeft  denoted 
by  prefixing  the  first  letter  of  tlic  species  from  which  they  are  obtained; 
f.i..  g-slrophanthin  from  S.  gratus,  etc.  The  .'it rophan thins  arc  glucosids, 
differing  quantitativelyin  their  actions  (even  the  sumilarly  named  commer- 
cial specimens,  Heffler,  1909). 

The  numerous  species  ol  Slrophanthus  {.\pocynaceii:}  and  other  plants  were  used 
by  the  natives  of  Africa  for  the  manufacture  of  arroii<-]>o(ii>nj.  The  efidal  ntrielitt 
arcthcgre<lsofSlro|)haiHhugKonib^  CU.S.P.,B.P),andS.  hitpidu»(L'.S.P.).  Tbcttro- 
phanlhin  originally  isolated  by  Kraser,  1870.  was  the  amorphous  KombC  variety  (GUg, 
1904).     The  following  outline  is  based  mainly  oa  the  paper  of  Ileflter  aiid  Saebt,  101*. 

StTOphanthls  amorphous  (Slropbsnthin-Boehriii);<-rJ  h  the  official  Mrophaathin. 
It  m-eurs  in  the  Komb4  and  hispiiluit.  The  two  are  wry  HimDar,  protiably  IdcnlkaL 
KombC  further  vields  a  crystalline  strophanlhin  (tlou);htan,  tgtt;  BrauM  attd  Clcwioii, 
191J.  "Ha)  which  {ft  very  limllar.  The  amorphous  u  (lightly  more  toxic  [or  rabblu 
than  the  crystalline  Kombf.  All  three  arc  hydrolyied  byatidt  with  the  production 
of  the  cr)-ttallioc  Strophanthidin,  CjiHuOt-  This  b  several  times  laore  toxic  tlian 
itropbanthin,  and  produces  similar  cardiac  odlon,  but  with  srcater  tendency  to  rcspita- 
lor^  paralj'sts  (Groeber,  1913).  The  irrMiir^^riijjKonibJ  ana  hlspidusare about  cquaOy 
active. 

Ouabain,  ^ratus  Strophnnlliin — Thorns;  Ctystalliicd  Strophanlhin — Alerck. 
CtglliiOT!  +  ';HiO.— This  is  the  only  ■Crjslallinestrophanlhin"  on  tbe  market.  It 
b  the  be<Ll  churactertxed  of  the  principled.  It  does  not  yield  Strophanthidin.  It  w«* 
Krst  isolated  by  .\mnud,  1S8S,  from  the  wood  of  Acocaotliera  Ouabaio;  and  by  tbe  tame 
iDvcMHi^atur.  1S06.  from  S.  xlabcr.  Later.  ir>io,  Thomft  obtained  it  from  S.  gntni, 
which  was  fcnind  To  be  identical  with  glaber.  This  b  mow  rcaiUly  obluned  tttaivt 
than  the  other  Slrophanthus  specie;.  Stronhanthin  has  been  dcKtlbcd  ■•  tncOiyl* 
ouabain;  and  acucaniherin  asdimethyl-ouaba]n;but  the  evidence  for  these  vieas  it  MOt 
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l^oaviiKillg  (Bnuoi  and  CIomoq).     Ouabuin  i»  about  twice  a»  toxic  as  Mrophanthin; 
r  and  this  b  tnioc  » ilrong  lU  Acocanthcrin.    S,  jiiratus  also  contains  a  iccnnd  nmoqihouK 

StrophaDthin  (Thorns).     T'hv  "pseudo-stropluuithins"  of  FcisI  were  probably  uuabajn, 

but  their  ideality  ix  cow  obscucc. 

DIGITALIS    ACTIOBS    OK    THE    dRClILATIOH 

The  cfEecU  of  cligitslis  may  be  divided,  especially  in  mammals,  into 
two  well-defined  stages,  ihc  theriipeutitand  toxic.  The  lypiail  phenom- 
ena of  the  two  stages  are  shown  in  Fig.  18. 

Preliminary  Fall  on  lotrftvenous  Injection. — Durinic  tbe  intrat-cnoua  Lnjoctlon  of 
<lisitalif,  the  preMurc  inlis  siinrply  {a),  probably  on  nccount  of  titc  loml  irritant  aclion 
on  Ihe  heart.  This  does  not  occur  in  tV  other  methods  of  atlmioisi ration.  The  fall 
y  not  at  all  lasting  (Blake,  1SJ9). 


Pvu.  iM--.-Di0itftliion  blood'pmkUH,  doff.  Thtf  upfhir  trafin^  ijt  laJtfn  fin  ■  very  tlowlr  m&vioff 
J  strain,  t»*lMii  thf  aucoaiavceEecU.  Tha  lower  irnc^ an  >i  laktn  aiih  a  fBtlfrtprciJ.  The  vrnlcal 
l4iBM  lodlckl*  Uw  concapodileaM  ot  the  (Mt  and  ituw  irainaui.     tbe  apyn  >h>i;iiu  rnnnpsml*  to 

til*  drupDal  Buui  praBBiv;  tha  lower  AtMciiu  to  tero  pn^urct-     The  diiiitalit  it  lotfcivit  »t  a-     (S«# 

MM.) 


The  therapeutic  stage  (Fig.  18,  b  and  r)  1.4  characteriMd  by  a.  slower, 
fuller  pulM",  <iuc  io  stimulation  of  the  vagus  mechanisui  (ccntraJ  and 
pcriphcrat).  and  of  the  cardiac  muscle.  The  cardiac  cfHciency,  the 
output  i*fT  heat  and  per  minute,  are  increa.*ed.  This  lends  to  raiw;  the 
blood  prrMurc;  in  animals  this  tendency  is  stipported  by  a  more  or  less 
powerful  vasoconstriction,  involving  particularly  the  intestines  and  liver. 
In  mao,  the  blood  pressure  is  not  much  altered,  presumably  because  of 
the  more  efficient  vasomotor  regulation;  nor  is  the  normal  human  heart 
usually  (Jowed  by  ordinary  doses,  although  the  conduction  of  auricular 
impul<«s  Ls  delayed. 

The  modifications  of  these  actions  in  disease  will  be  considered  under 
the  Iheraprutic  use.  Uefore  taking  this  up,  the  important  phenomena 
require  a  more  detailed  presentation. 

The  Digitalis  Slowing. — In  mamm-tls,  this  Is  practically  entirely  vagal, 
and  involves  almost  exclusively  the  vagus  center:  for  it  is  almost  com- 
pletely eliminated  by  section  of  the  v.-igi  (Ackermann,  1873;  Kochmaon, 
1906,  1909;  Etienne,  1909),  and  atropinized  animals  kIiow  practically 
DO  slowing.    The  stowing  produced  by  digitalis  in  auricular  fibrillation 
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is  a  different  phenomenon.     It  occurs  even  after  atropin,  and  b  Uiereforft 
quite  peripheral  {Cushny  and  Mackenzie;  Gottlieb,  1914)- 

Tbc  difFeicnt  digilaJU  druRS  probably  differ  quantitative] y.  la  tbe  dtgie*  of  vafin 
itimulatlon  (Kt>chmnnn;  Eiicnnc,  ipog;  finvtici,  1906).  This  migbt  be  ot  practical^ 
importulU  were  our  informalion  more  complclc. 

The  stcvini  it  due.  mainly  lo  diictl  atimiiialion  (■/ J^  M(im  ctidtr,  and  not  merely  u 
the  riie  of  blood  pr«»urc  (as  wn«  suppowd  by  A.  B.  Mtva);  (or  the  ilowinjc  occurs  in 
thecUnical  cjurs  in  which  Ihc  bluod  pressure  is  unchanged  or  even  dimjnuhcd  (Fmrnkel 
and  Scbwarte,  igob).    Grcrnc  iind  Ped«r,  191  $.  found  the  turtle  heart  ilmred  or  sloppedJ 
when  digitalis  vvs  pertuse<I  through  the  brain  only;  the  slowing  beinf  abotiabcd  bfl 
tUvidicB  the  %Tigi.    In  animals  ihc  riie  of  preiaure  undoubtedly  contributes  to  the ' 
ilowing,  for  the  slnvjn|>  i^  about  1  tvice  as  grtat  if  the  prctmrc  rim  Iban  if  the  preuurc 
is  kepi  juit  Icvtl  by  htrnorr!iai:e  (Kocbmunn,  190(1). 

Vagus  Stimulatioii  from  Rise  of  Blood  Pr«asur«.— It  is  well  known  that  the  (ooe  of 
the  vngus  center  is  governed  largely  by  the  hlood  prcuure,  the  heart bdn^tloired  a* the 
j>rr«urc  rises  and  (iiiitkcntd  when  the  pressure  (nils  (Bernstein,  1867.  Verwora,  igoj). 
The  blowing  on  rise  of  pleasure  is  entirely  vngnl.  for  ii  does  not  occur  if  the  vap  have  bRa 
divided.  It  is  n.ls(i  absent  if  ihc  pressure  is  roiicd  in  the  cctebml  arterict  alone;  10  that 
the  Mimulntion  is  not  'Itie  to  compression  of  the  brain,  but  lo  a  retlex,  rauoly  from  ihc 
heart  (Kochmann.  igo6). 

Pcrshlrnc'  of  Vagus  Center  Slimidation.  —  This  probably  periiits  till  neat  death; 
but  (he  htigbtenec!  contructility  of  the  cardiacrmutcle  renders  the  heart  lets  and  Icsa 
responsive  to  inhibitory  impulses.  V^ui  blimulatlon  will  therefore  fall  10  slow  I)m 
heart  in  the  later  toxic  stage  1.iiu:re.  1906);  but  that  this  is  not  due  to  paralyriiol  the 
vagus  may  be  judged  by  llie  fact  that  vagus  stiraulation  still  wcakcDf  the  beats. 

Other  Phenonuna  of  Vag^us  Stimulalion. — The  heart  under  tlie  influence 
of  digitalis  exhibits  also  the  other  phenomena  of  vagus  stimulation: 
peater  dilation  in  diastole  and  lengthened  diastolic  pause;  tendcncv  10 
exaggerate  the  respiratoi^'  pulse  variations;  Icitscncd  dia&Ioh'c  tone,  less- 
ened conductivity,  lengthened  interval  between  auricular  and  ventricular 
contraction,  tendency  to  heart-block,  etc.  Some  of  the»c  tendencies 
become  important  in  pathologic  conditions  and  with  toxic  doses;  (or 
clinically  the  vagus  stimulalion  seems  lo  inhibit  most  strongly  whatever 
(unction  of  the  heart  is  already  partly  depressed  (Mackcimc). 

Effect  on  the  Amplitude  aiui  Output  of  the  Heart. — In  virtue  of  the 
vagus  stimulation  producc<l  by  therapeutic  doses  of  digitalis,  the  diastolic 
excursions  of  the  normal  heart  arc  more  nearly  maximal,  and  the  diastolic 
pause  is  prolonged,  thus  facilitating  the  influx  of  blood.  With  pure 
vagus  stimulation,  the  systolic  contraction  is  less  complete  so  that  the 
output  per  beat  is  often  reduced,  and  the  output  per  minute  is  alwa>'« 
diminished  {unless  the  rate  has  been  extremely  rapid;  Y.  Henderson, 
190Q).  With  digitalis,  however,  the  muscular  stimulation  makes  the 
systolic  excur^on  also  more  complete,  so  thai  the  heart  is  t>i)th  belter 
filled  and  better  emptied  (Cushny,  1897).  The  output  per  beat  is 
therefore  greatly  increased;  the  "pulse  pressure"  or  "pulse  volutoe" 
is  improved.  This  increase  more  than  offsets  the  slowing,  so  that  the 
minute-output  is  also  increased. 

Tke  incr'iU(d0iir^f  ^irAraJ  amounted  to  ;o per  cent,  in  ibecardiomcterrtperiment* 
of  Cushny,  if^j.  If  the  slowing  is  eicluded  by  mropan,  the  lime-sHl^ul  would  be  in. 
creued  proportionately .  If  the  slowing  occurs,  ihc  increase  would  be  pronortioiutehr 
lev;  but  io  the  therapeutic  stitgo  ll  is  still  cuouderable— to  30  per  cent,  in  Ciuhnf^ 
cxperimems.  Tigerslcd,  1907,  oJtoshaweil  with  ihcstromuhr  ihai  the  output  is  icnct- 
ally  increased.  Uebu,  rooo,  found  the  How  of  blood  from  iJie  carotid,  at  a  comslaat 
pressure,  to  be  increa»ed  by  <o  to  jjo  per  cent.  The  effect  would  be  ihc  Ercatct,  the 
weaker  the  heart  was  before  the  digitalis;  that  it,  the  more  removed  the  cxcundaw  mn 
from  the  physiologic  optimum. 
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Hesit  Rate  in  Man. — Paticnu  with  auricular  fibrillation,  or  wilh 
adynamic  or  iin^itablr  hearT>,  respond  conMantly  by  slowed  pijl*c  to 
ordinary  doses.  Fairly  normal  hearts  are  slowed  by  large  doses,  0.4  Cm. 
per  day  for  five  lo  seven  days.  This,  however,  is  due  lo  blocking  of  the 
auricular  impulses;  the  auricular  contractions  occurring  with  unreduced 
or  quickened  rale.  The  origination  of  the  sinus  rhytlim  Is  therefore  not 
slowed  by  digitalis,  except  in  adynamic  hearts  (Cohn,  1915). 

Auriciilo- ventricular  Conduction  in  Man.— This  is  conslanlly  impaired, 
being  an  early  and  positive  sign  of  digitalis  action.  It  may  be  observed 
within  forly-eipht  hours,  and  increases  with  the  administration,  from 
simple  Icngihcning  t"  luarl- block.  .After  withdrawal,  it  persists  generally 
about  two  days,  but  sometimes  two  weeks. 

Systolic  or  Muscular  Action  of  Di|;italis.-~The  increased  systolic 
excursion  miist  be  due  to  a  direct  action  on  the  cardiac  muscle-  The 
study  of  its  fully  developed  features,  a^  ihey  occur  in  the  toxic  stage, 
shows  that  digitalis  increases  the  contractility,  the  systolic  tone  and  lh« 
excitability  of  the  cardiac  muscle. 

EMratyitatn  arc  prodiu.'nl  by  uimllet  stimuli  in  lieaiU  unilri  tbe  influence  at  the 
thctnptuiK  and  ihc  smaller  toxic  dosts  of  digiiali*  (PIctnew). 

Rrlali^  Puraliitti  of  Syade  and  Diailtlt. -~ln  th?  (I!][ii3ils  heart,  the  durollon  o(  the 
•ciDkt  contraction  unJ  reluxation  iir«  ptaclically  unchanKcd.  "ihx  ipctti  oC  the  systolic 
contraction  is  lomcn-hat  incrtoscd  (d<He«,  lOtj).  The  slovdng  occurs  mtiinly  in  the 
(Uutolic  paiKci  Ihc  'v'hlolic  pauM  Is  also  Icngihrnril  n  trifle.  Alrofiln  removes  the  sy^ 
tollc  mi  well  at  tlic  diu.ilolic  slowing;  ^o  thul  ihi-  tlTcit  Lt  cnltrcly  vajtal  (Ciuhny,  iKi>;). 
The  two  phasn  bchnvc  (imilorly  in  the  excised  and  jjcrfuscd  mammBlian  heart  fHnj-nei). 

Tkc  ticiifJ  iHjninijJi'in  ht-art,  in  Iht  Iker-iptmli''  id'cr,  t>hnw«  pcMCtleally  Ihc  wnc 
^enomrn*;  cKtiil  that  there  is  much  kis  slowinji;.  since  the  %'agus  center  it  excluded. 
The  ilowinK  i»  diaitoiic  and  can  be  removed  by  atropin  (Unyncs  1906).  The  cxcur- 
HonKofbolAvrnlrlelr'jxreincrea'tedeipeeially  in  systole,  SI)  that  tlieenerjtyof  each  beat 
may  be  more  than  doubled.  The  limr  required  to  produce  mniimal  slowina;  i»  an  hour 
for  digitalii,  one-fourth  hour  for  Mrophnnthin  (Haync*)-  Exi'lini  irrtiularilits  ate 
rtm&ttd,  and  a  fibrillallnt;  hearl  may  resume  recular  ^ontracliuu^  (lledbom,  \f^g9^■, 
Braun  and  Mo^er,  tSgo;  Gottlieb  and  MaKnus,  1003)- 

Cardia^eetroiriismt.—'Viiei.t  show  slowiuR  of  the  nbosr*  and  pooici,  and  changes 
in  the  peaks;  the  latter  are  Inrrenhrd  by  ?ma1l,  l<itKeiTd  by  Uritc  do«e<i  (Rirkel  and  Paw- 
low,  1913).  RarTiolo/tlif  7'-iniiif  occurs  early  durinudiifilalLi  lrenliiient,lH'i[iK))ri:>biihly 
■  sienol  the  muscular  action.  This  ctlect  is  also  produced  bydigitalii  in  febrile  patients 
{Ctim,  1915). 

G^ititus  .ifflnballim  of  the  /learL—'lihis  Is  incietuecl  in  mammiils  in  ]>io)i«rtiun  tn  Ihc 
aetivjty  (Kohde  and  Oijawa.  101 :).  In  excised  (rogi'  hcartj,  the  oiyccn  consumption 
is  decreased  accordinn  lo  the  diminished  rule  and  excursions  (Gottuchnlk,  iQij]- 

Thf.  PlunAinmj  of  Ihc  Thrrofeulie  Slaer  in  Ike-  Frof's  llearl. — If  a  diicitalii  druR  is 
Iniecled  into  a  froK.  the  exposed  heart  Mioi;ra  actions  which  resemble  thiwe  seen  in 
roaoimols.  The  inhlhitory  effects  arc  more  lm|>ortanl,  whilst  the  cnntntctility  is  but 
little  affected  in  the  ihempeulic  stage-  The  rate  becomes  progressively  slowed,  and 
ibt  dfaslulic  relaxation  is  more  complete.  The  (lowing  occurs  even  after  atrojnn 
(Boehm.  iS;;);  but  otherwise  tl  resembles  vaffus  atlmulation.  Direct  vagus  stimula- 
tion produces  additional  slowing.  By  using  (lie  perfused  exci^ied  heurl  (P.  Williams, 
18S0),  It  can  be  thowo  that  the  diastolic  lone  is  considerably  decreased,  so  that  a  given 
prenure  distends  the  heart  n^o^e  than  norninl ;  and  wkv.  it  ciintracls  coniplctely  in 
•yslole,  the  output  i»'r  beat  h  increased.  The  time-output  and  the  blood  prrs^ure  may 
M  increased  or  dimmlsheil;  but  the  heart  is  not  more  capable  of  overcoming  an  exee«sive 
aortic  rcxUtance.    The  tovlc  effecis  will  U  described  later. 

Ytnlrictdar  Stripi  of  Turlie. — Large  doses  produce  acceleration  (even  aiter  alroptn 
or  crgotoiin),  nod  increase  o(  nmipliludc  and  tone  {Greene,  Boulwell  and  Peeler.  1915). 

BeJi4KU>r  of  the  Dijfereni  Chambers  of  tlw.  Heart. — The  two  sides  of  the 
heart  behave  very  much  alike  to  Digitalis;  but  the  auricles  lend  to  kIiow 
relatively  greater  inhibitory  effects  (since  ihey  are  more  subject  to  vagus 
control),  whilst  the  ventricles  arc  more  disposed  to  the  mu«:ular  action. 
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In  lh«  therapeutic  stage,  the  rhylbni  of  the  auricles  and  ventricles  is 
synchronous. 

The  rtliixulion  of  tlic  auridn  is  but  liltln  changed;  their  contrution  b  raore  com-  ] 
picle;  but  with  slightly  larger  dean  the  inhibition  predominates  to  much  that  ihc  cob* 
trscitoni  arc  Ini  com[dctc.    The  inhibitory  elTcftg  dixBj^KU  if  tlic  vkgi  are  divided 
(Cujihny,  189;). 

Influence  of  the  Cardkc  Action  on  the  Blood  Pressure. — ^The  Increased  ' 
output  of  ihc  heart  shoukl  result  in  a  rise  of  pressure.  Accordinglv, 
the  pressure  rises  even  when  changes  in  the  peripheral  v«.sehi  are  definitely 
exduded  (/.i.,  in  Bock's  method,  where  the  aorta  is  tied,  the  circulatiori 
being  shunted  through  the  carotid  directly  to  the  juguJsr  vein — Boct:^ 
1898;  C.  W.  Greene,  1910). 

Ko  F.fr^l  OH  lilt  ilaiimal  Pressure. — Whilst  the  bijcil<lhi  heart  can  diicharge  _ 
iircei  volume  of  blnod  against  3  normal  preuurc.  the  maximal  preuurc — i.x.,  tbc  rlM  I 
ot  pressure  on  clamping  i\\e  aorlii— is  not  incrc^cd  (liodc;  Hdos,  1900). 

The  Vasoconstrictor  Action.— The  curdiac  actions  of  digitalis  wouM 
of  ihemselvcs  lend  to  raise  the  blood  pressure.  The  most  important 
clement  in  the  rise  which  is  observed  in  animals,  however,  is  a  %-asocon- 
striction,  involving  mainly  the  intestinal  vessels.  This  is  shown  most 
conclusively  by  the  observation  that  the  volume  of  the  important  »planch. 
nic  organs  decreases  as  the  blood  pressure  rises  (Gottlieb  and  XIagnus, 
1901).  Furtlier  evidence  is  that  Ihe  venous  outJlow  is  also  decreased;  | 
and  that  the  rise  is  not  always  accompanied  by  increased  output  of  the ' 
heart  (Tigcrsledt,  1907,  stromiihr).  Small  therapeutic  doses  may  produce 
intestinal  constriction  even  when  the  bloo^l  pressure  does  not  rise.  The 
vascular  effects  arc  more  lasting  than  the  cardiac  (Joseph,  1913). 

The  vasoconstrictor  effect  is  peripheral  because  it  occurs  in  excised 
organs  (Donaldson  and  Steftens.  1S83;  Robert,  i886;BruntonandTunni- 
dlffe,  r8o6,  etc.).  It  occurs  also  after  the  ner\'e^ndings  are  paralyzed 
by  apocodcin  (Dixon,  1903),  The  action  is  therefore  presumably  exerted 
directly  on  the  arterial  muscle.    Tbc  vasomotorcenter  is  but  little  affected. 

Vasomotor   Cestn. — Strophanthtis    produces   n    m<Hlr:r.ilc   itimulUJon;    digitali* 
much  tecs  or  none.     In  nocuM:  i^  Ihc  cent  ntlnctinn  <iifiti-ient  luinitkcltMlf  felt  thraofhJ 
the  other  uctioDS  of  the  druit?.     Fatal   doses   result  in  sudden  cardiac  timt  and  »•• 
^hvxia,  thereby  producing  intense  stimulntion  of  the  vnsomotof  ocoter  (Piklier  sAd 
Softmnnn,  tgis). 

Vasodilator  Action. — Very  dilute  solutions  of  digitalis  produce  an 
opposite  cScct;  i.e.,  the  perfused  vessels  arc  dilated  (KaMian,  1910; 
Fiihrenkamp,  1911).  The  vascular  effects  are  therefore  analogous  to 
the  cardiac  effects;  the  smaller  doses  decrease,  and  the  larger  doses 
increase  the  tone. 

Differences  in  the  Vascidar  Areas. — The  constrictor  tendency  varies 
according  to  the  drug  and  the  vessel.  It  is  generally  .-aid  to  In-  greatest 
for  digiUi.xin,  and  relatively  weak  for  slrophanlhlni  but  an  exact  scries 
has  not  been  established. 

FA.,  Ac  Hecr.  igii,  and  Joseph,  19  ij,  found  that  ouab^n  had  a  Urang  comlrictor 
effect  in  mammals;  while  Moug,  10 11,  clunu  lltut  its  cunUrictor  action  is  but  one- tenth 
that  of  diiHloxin.     Slroomnnn,   1914,   iinds  tlniph  I'm  thin  the  wtskesl  r<insirkt(n  ia  ' 
frog*.     Cattein  i»  anlaiiiMiistic.     VoKt.  1000.  cUiins  that  strophanthiit  docs  not  jirodacs . 
(«natriction  in  man,  but  Straub,  1909.  Sods  evidence  of  oomlrictioD  with  the   ilijin   1 
lealvanaroeicr. 

The  constriction  Is  strongest  in  the  Intestinal  and  splenic  vessels. 
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less  in  the  renal,  and  wealt  in  the  vesaeh  of  the  skin,  brain,  etc.  The 
dilator  and  constrictor  effects  vary  in  degree  in  different  animals:  but 
with  therapeutic  doses,  in  animals,  tlie  most  constant  and  predominant 
rcffcct  b  the  slow  constriction  of  the  intestinal  vessels.  The  dilator 
lect  occurs  earlier,  but  the  coi^striction  lasts  longer  (Joseph,  1911). 
In  man,  the  lolumc  of  the  arm  is  not  changed  by  intravenous  digitalis 
orstrophantliin  (Hewlett,  1913). 

AKcred  Distribution  of  Blood. — The  different  susceptibility  of  the 
vessels  lead.t  to  al  teral  ions  in  the  ciistribution  of  the  blood  in  living  animals. 
The  intestinal  vessels  will  tend  to  be  constricteri;  those  of  the  skin,  ea- 
tremities  and  brain  wi!I  tend  to  be  dilated  (Gottlieb  and  Magnus,  looi)- 
Thc  renal  vessels  occupy  an  intermc<!iate  position;  with  therapeutic 
doses  they  tend  to  dilate  (Loewi  and  Joncscu,  1Q08);  with  toxic  doses, 
Ihev  will  be  constricted.  The  dilations  may  be  due  to  the  direct  dilator 
action;  or  to  mechanical  displacement  of  blood  from  the  more  powerfully 
constricted  areas;  or  to  nervous  reflexes. 

In  the  cxpcrimenis  of  Cotlti«b  and  Mnsaus.  1901.  the  tlikiion  o(  th«  vciselcof  the 
exueixutw*  iva*  shown  lo  he  mninly  mcchnniml;  for  it  diil  not  occur  (or  rather,  tlia 
lee  vttMlft  CODttdcted),  it  the  liinplaccmFnt  ol  blood  wiu  prevanlcd  by  ligaling  the 
spUnchiuc  v«5aeli. 

The  direct  dtlntor  cITcct  hM  been  rrndered  very  prohnlily  for  the  kidneys;  (or  it  liaj 
been  ihou-n  on  the  cicucd  on^iu  (hut  certain  concent  rati  odd  dilute  tho  renal  vesiels, 
wbiUt  they  constrict  ihe  iatLiiinnl  vciscU. 

PulmwiBiT  Vessels.— Thrsc  arc  somewhat  constricted  in  perfusion  cxncrinieni* 
rsctiistowitcti)-  Exciivd  aitcrinl  riii^ci  are  also  constricted  by  all  diKitaloliu.  except 
ptoain,  which  dilates  (Macht,  1914).  In  life  thii  action  b  unimpaitant:  for  the  ulignt 
c  of  prcuure  in  the  pidrnrinary  sriwy  is  mainly  cardiac  (Pluroicr,  11)05;  WiMere, 
jti).  The  drtuWfi'n  f I'nc  is  aliotteued  tn  the  pulmonary  and  in  the  |,-cncral  drculatJon 
dms  and  Desbouit,  1912). 

[•nfavoid  Vessels. — The  lillini:  of  the  vessels  of  the  pia  matcr  and  retina  follows 
tbesencnl  blood  presiurr  (Hirtchf elder.  101;). 

CoroDuy  vessels  may  be  oinLtiicted,  cspcL^ioIly  by  di^toiin,  Ictn  by  strophnntMn 
(O.  Loeb,  iQoji  Hayiiej,  1006;  Kabe,  191 1)-  Hxciscd  arterial  rInKSxre  also  constricted 
(VoegtUn  and  Mncht,  1913].  In  any  com,  the  constriction  would  be  overcome  by  the 
bapcovcd  ooBtnction;  so  that,  with  thentpeutic  doses,  the  coronary  fiow  in  lift  was 
found  uoaltervd  (Bond,  1911). ure\-caiBCnaseil(F.  Meyer.  Siikai  and  Saneyoshi,  1915). 
X  1"  MtUcT,  1908,  found  that  dintali*  enabled  the  hcirl  to  tolerate  a  greater  degree  of 
L<«r#aiify  ebtlrutlien.  Ltr^e  toxic  dOM»  contract  the  coionary  vc*wl»  even  in  lif*.  with 
[iWnf  blood  pressuni;  this  is  sooietlmca  followed  by  locrtased  flow  with  falUnf;;  pressure 
ffSeku  and  S.ineyoshi,  1915). 

Venous  Pressure. — This  i*  not  RiittcrUUy  nltcrcd,  even  when  the  arierial  preiisure 
riM  (C»ppa  and  Matthews,  1913;  it  Lias  b1»u  been  studied  by  Ackertnann  and  by 
Poppei}. 

Blood  Pressure  in  Man. — The  rise  of  pressure  which  is  so  character- 
istic for  most  animals  is  not  often  seen  in  man,  either  in  health  or  disease 
(Cx\\\mixz,  1900;  Schwartz,  1906;  Cushny,  igir;  Mackenzie,  igit;  Price, 
'9x3;  Cohn,  iQij).     In  heart  disease,  Uie  improvement  under  digitalis 
'^aj  even  be  accomiranied  bj-  a  fall  of  pressure,  if  this  has  been  abnormally 
^.erh  (Fraenkel,  1905;  Price,  1914;  Martinet,  1914).    A  rise  is  very  cxccp- 
^OBial,  occurring  only  if  the  pressure  has  i»een  below  the  normal  level, 
"^fc*  ^  diastolic  pressure  is  always  lowered  when  digitalis  relieves  in  com- 
^»~»tttcd  ledons,  no  matter  what  the  changes  in  the  systolic  pressure. 
*^~»  ■«jiu]se  pressure  !.*  therefore  generally   increased    (Martinet,   1914). 
The  difference  can  not  be  explained  by  dosage;  for  in  animals  lh« 
occurs  willi  the  smallest  doses  whit'h  have  a  noticeable  effect  on  the 
-'I.    The  explanation  must  besought  in  the  more  perfect  blood  pressure 
^"vlation  of  man,  which  compensates  the  pressor  tendency  by  inhibitioa 
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of  the  vasomotor  center  and  by  stimulation  of  the  vagus  center.  If  the 
digitalis  s>lowing  is  prevented  by  alropin,  the  presmre  rises  abo  in  the 
human  subject  (Fracnkcl,  1905). 

The  compensatory  vasomotor  reKnlation  has  not  been  investigated 
in  man.  Trom  what  is  known  of  il  in  animab.,  ii  would  be  expected  that 
ihe  vessels  of  the  extremilies  and  of  the  kidneys  would  probably  be  dilated, 
whilst  the  intestinal  and  portal  vessels  would  lend  tovrard  constriction. 
The  altered  distribution  of  the  blood  may  contribute  to  the  therapeutic 
result. 

Blood  Pressure  in  lUbblts.—TlicM  do  not  »how  a»  gmt  or  constant  s  iIm  m  do  other 
animals.  This  is  probably  explained  by  tbt  Insor  rnUlanco  of  titcir  blood  vcHcb, 
which  therefore  clilaie  if  the  pre^sutc  lends  lo  me  nbo\'c  the  nornial.  H  the  prcMUR 
has  been  lou'ercil  by  bcniotrhMgr.  diKllali*  produce*  an  cffrctitr  ri^  lonrd  the  normal 
level  (Hernando,  igu).  Digitalis  did  not  produce  much  rix;  after  (hluml,  preHmubljr 
beckuse  the  heart  was  too  greatly  injured.  ThecCfoctt  of  small  ihcrspnitic  dOMS  wne 
•ludied  by  Joseph,  ii}i  j. 

Dhiretic  Action. — ^The  digitalis  drugs  are  powerful  diuretics  in  cardiac 
dropsies;  ilie  diuretic  effect  being  proportional  to  the  improvement  of 
the  circulaiion  and  In  I  he  absorption  of  the  edemait.  In  all  other  condi- 
tions they  have  lilllc  or  no  effect  on  the  urine.  Practically  negative 
results  are  obtained  in  normal  individuals  (Schwartz,  1906);  in  heart 
disease  without  effusion  (Cushny,  iqii;  Cohn,i9i5).ind  in  purely  nephritic 
edemas  (J.  Miller,  iqu).  The  diuretic  effect  can  not  therefore  be  due 
to  any  renal  action,  hut  must  W  ascribed  to  the  improve<l  circulation. 
There  is  no  diuresis  in  normal  individuals,  and  in  the  absence  of  edema, 
because  the  renal  circulation  is  already  adequate  for  the  secretion  of  all 
the  fluid  at  the  disposal  of  the  body.  It  fails  in  nephritis,  because  here 
the  anuria  is  not  due  lo  defective  circulation. 

The  factors  involved  in  the  improvement  of  Ae  renal  circtilation 
are  several:  The  dilation  of  the  renal  vessels  (Joncscu  and  Loewi,  1908); 
the  relief  of  the  venous  pressure;  the  incrwised  output  of  lh«  heart;  the 
ipcreased  "pulse  pressure;"  and  the  hydremia  resulting  from  the  absorp- 
tion. These  mechanical  conditions  cause  corresponding  increa.'u:  of  urine 
filtration  even  in  dead  kidneys  (SoUmano,  1905). 

Gescll,  iQij,  found  ihnt  artificiiil  ehaiiifx  fn  Ikt  paUe  fretturt  produced  jiAralM 
changes  in  the  excretion  «(  urine,  clilorids  utea  sod  oluosen. 

Infiuenct  oj  //ydrfinio.^ Martinet,  191-1,  found  thai  Uie  visddity  of  the  blood  aad 
the  protein  content  of  the  tcruni  remain  uncliHiigei)  so  Ionic  as  ihc  absorpdoo  o(  (dou 
-ta  in  progress.  When  Ihc  eilenm,  hu«  disappcorerf,  but  the  diurrsu  itul  perrisU,  the 
riicidily  increnscs.  This  indicates  that  the  hyilrcmia  Is  not  the  primary  cause  tA  the 
diuresis.  Loria.  igi  i,  also  states  that  sirophanthin  or  calomH  increase  tbe  vixiiHj  *} 
the  blood  even  when  there  is  no  diuresis. 

Excfjsive  doses  of  digitalis  constrict  the  renal  \'e»«k  and  irritate  the 
kidneys,  so  that  the  urine  becomes  scanty,  and  often  blood-tinged.  This 
may  conccivabl)'  happen  if  cumulation  occurs  in  the  therapeutic  use; 
especially  with  digitoxin. 

Toxic  Effect  on  the  Circulatioo  in  Mammals. — ^These  are  characterized 
by  irregularities  of  the  rhythm  and  strength  of  the  cardiac  pulsations 
(Fig.  19). 

They  are  exaggerated  manifestations  of  the  vagus  and  cardiac  stimu- 
lalions  which  were  initiated  in  the  therapeutic  stage.  The  WfM  ejfeci$ 
(slowed  rh)-thm,  diastolic  tendency,  lessened  conductivity)  reach  their 
acme  most  rapidly;  so  that  the  first  indications  of  overdosage  are  com- 
monly those  of  marked  inhibition.    This  inhibition  is  in  tum  overcome  as 
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the  muscular  excitability  becomes  greater  and  greater;  so  that  the  final 
effects  are  mainly  muscular  (increased  tone,  heightened  irritability,  spon- 
taneous ventricular  rhythm,  extrasystoles).  The  irregularities  which 
result  from  these  interactions  weaken  the  circulation  and  interfere  with 

the  nutrition  of  the  heart,  until  this  becomes  arrested. 

Codmy's  Stages. — liie  successive  effects  have  been  studied  most 

carefully  by  Cushny,  1897,  who  divides  them  into  the  infail»tory  st^e 

■nd  the  st^e  of  muscular  irregularity. 
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tbe  totic'*' — Blood-prvMure  tracing  under  digitAlii,  to  show  tome  of  the  type!  of  irreBulirity  i 
Smpeui''**™-     *'  ^J  ^  ""^  ^  rtprtsenl  four  different  dogi.     {«)  ia  the  normal  tr»cing;  (*)  th 
^^^*^  ttage;  tha  followiiis  letters  represent  the  succeBiive  toxic  chauBca^ 

TmS*****"'  ^*'***' — ^=  effects  may  also  be  divided  into  three  stages,  according  to 
™T^'  *86i;  (i)  slowed  pulse  with  rise  of  blood  pressure  (therapeutic  stage);  (a)  sudden 
™^?  *o  y^^A  pulse,  with  further  rise  of  blood  pressure;  and  (3)  fall  of  blood  pressure 
J^—r^otinued  rapid  but  irregular  pulse.  The  inhibitory  stue  would  be  inserted 
"t"^**»  »  anda. 

'!*  *A«  typical  course,  the  effects  pass  successively  through  the  thera- 

V™**^'  vagus  and  muscular  stages;  but  the  vagus  stage  is  often  omitted 

m  amniaJs.    The  "toxic  effects"  in  man  are  generally  of  the  inhibitory 
type. 
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the  Inhibitory  Stage  (Fig.  19,  .1). — This  corrtspomJs  to  strong  vagus 
stimulation.  Tiie  thyUim  becomes  very  much  slowed^to  40  or  50  b^ts 
pCT  minute.  It  is  often  iirc^br;  there  arc  scattered  diastolic  fxiuses 
which  become  more  frequent  and  lasting,  particularly  in  the  auricles. 
These  irregularities  are  partly  exagKerations  «f  the  normal  reapiralory 
variations;  but  they  arc  often  indc]>cndent.  The  two  sides  of  the  heart 
contract  at  the  »ame  rate,  but  the  rhythm  of  the  auricles  and  ventricles 
is  often  different.  T'he  ventricles  arc  apt  to  assume  a  spontaneous 
rhythm,  which  may  be  faster  or  slower  than  that  of  the  auricles.  This 
independent  rhythm  is  probably  due  in  part  to  the  blocking  of  the  auric- 
ular impulses  by  the  lessened -conductivity;  the  titcreased  excitability 
of  the  ventricular  muscle  also  plays  a  part,  for  the  ventricles  may  continue 
to  beat  during  the  auricular  standstill.  The  cxccssi\'e  slowing  and  the 
irregularity  diminish  the  time-output  of  the  heart  in  this  stage,  although 
the  amplitude  i»  increased.    The  blood  pressure  falls. 

Oecurreuct  and  Duralian  of  the  Jnhibilory  5/a(f-— Tlii*  stage  ocrnrrod  in  kbout  \o 
per  cent,  of  CushnyV  uiiimali.  AIt«r  IssUng  a  fL-w  minutes,  it  pswn  quite  suddenly 
into  the  musculor  irregularilv.  ll  is  laate  fre(|nriii  nnd  more  pcnislcnt  in  man.  Tli* 
diCTdrncc  mny  he.  due  to  dilfcrc-nt  iUvj.ijji:  and  udminiMrallon. 

The  Stage  cA  Muscular  Irregularity.— The  rate,  rather  .tuddenly,  be- 
comes more  and  more  accelerated,  as  if  the  heart  escaped  from  the  vagus 
influence.  Electric  vagus  stimulation  has  lesit  and  les&  cSect  on  the  rate; 
but  since  it  still  increases  the  diastole  the  vagus  can  not  be  paralyzed. 
The  escape  is  due  to  the  excitability  of  the  heart  becoming  sogrrally  in- 
creased that  the  vagus  is  unable  to  restrain  it.  The  auricles  and  ven- 
tricles may  at  first  keep  the  same  rate;  but  the  ventricle^*  soon  aj^iume  a 
rapid  rhythm  independent  of  that  of  ihc  auricle:*;  for  the  conduction  of 
the  auricular  impulses  is  more  and  more  blocked,  whilst  the  spontaneous 
excitability  of  the  myocardium  is  more  and  more  increased.  The  accci- 
enitors  usually  do  not  respond  to  stimulation  (Frcdericq,  1913). 

Periodic  Grouped  Beats. — This  independence  at  the  auriculu  and  ven' 
ConUactlon»  results  in  cuiious  petiodic  variations  in  Uie  voliuite  of  lh«  pulM, 
rhythm  at  this  time  being  laiily  regular. 

One  or  mote  enormously  &irong  boats  are  followed  by  veiy  mucli  vc«ker  bests, 
somelimcs  quili-  imperceptible  in  the  pulie,  which  is  thcreture  intrr'iiittemt  (see  Fl(.  iq,  B, 
t  and  1).  Tlicsc  phenoiticnn  teoir  in  gioups,  which  remain  fairly  («euUr  lot  a  iborl 
time,  but  Boon  clinnge  to  iomc  olhfr  type,  a*  niny  hr  teen  in  Fig.  19,  JS  aad  C.  Tbcse 
«(fcct&  are  somelimcs  due  to  nspiracion.  In  otticr  casn.  however,  they  arc  canUac. 
They  are  also  seen  in  the  alfopiniied  heart,  and  are  mainly  due  to  the  arylJimtia  «f  Ikt 
aiirlcUt  and  vmlridti  (Cu&hny,  i:^p).  It  will  be  rccallrd  ilint  the  vcatricular  coDttac. 
tions  are  normally  oripnaled  by  the  aurieutur  contractions.  Toxic  dowa  o(  dicitaUl 
teem  to  inlrrf* re  H-iih  the  transmission  of  this  tmpulx,  and  at  the  Mine  time,  they  nix 
the  txcitAbility  of  the  cardine  muscle  to  such  a  decrte  ihni  contractions  ean  ongtnate 
In  the  vrnitiiilt's.  The  nuricte«  and  vcnlricleslherelotebeat  iodcpmdcntly; aithct  may 
be  the  more  rapid.  Asa  conscouence.  tiie eonlractioni  will  tometinet altunalc. «ei 
tim«  coincide,  forming  groups  (see  t'ig.  :o}.  If  the  auricular  ayxtole  occur*  durins 
ventricular  iltitMole,  the  ventricles  will  be  filled  n'ith  blood  when  ibcy  contrxl,  and 
lemlt  will  be  a  laiire  pulse-wave;  i(  iht;  auricular  and  ventricular  systole  eoiftdde, 
blood  »*iU  bemovcd,  and  there  will  be  no  pulse  (»ee  Fig.  io.p).  This  i»  the  most  taisfse- 
tory  e<pl.inAlti>n  of  thr  );roup  phenomenon.  ,\  further  factor  may  come  into  pby:  it  n 
^batile  thut  itie  auricular  tlimuhi^  to  (he  ventricle  is  not  OOBtplcldy  blocked  by  ihe 
diKilalin.  If  the  auriculnr  and  independent  ^tinluU  coincide,  the  ventnonlarcoalractioa 
would  be  (Iron;;;  ii  they  interfere,  the  conifaction  would  be  weak  ot  abcent.  TU* 
effect  would  tuptKirt  thai  rirevioualy  desiribed  and  lead  10  the  (aiBC  Uad  d  KlWl|>tof. 

The  tnu  »dcs  of  Ihe  heart  continue  to  beat  synchconoiuly,  alllKNigli  the  periodic 
variations  of  strength  have  no  relation. 

After  a  time,  e.iJriD^j(ti/<i  (I'.r.,  premature  contiacliona  by  which  (m>  blood  it  txptllcd} 
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•ppeu,  uid  Um  poUe  sbuwx  cormpondiog  imcrmiuiiiJii^.  Tlc-ie  become  more  nu- 
acrous.  The  nlc  coalinuc«  to  incrciuc,  becumiiig  («itcT  tban  in  ftlropin  p<M*oniiM;. 
Vviotu  complex  ImgtilultJet  att  supetoddeJ;  and  the  contraciions  become  tharaughl>' 
diMnuiiMd. 

Tht  bloeJ  fraintt  »  very  high  in  ihc  lailicr  period*,  tbrau^  the  combination  oj 
npid  rate,  (orccitU  coittractiun  and  vitaocoDitrictiuD.  When  the  pcrioiUc  inegitlwitlea 
Kt  la,  the  output  diroioi>he>  materially. 

TWnlul  Chraces.— Tlie  quickeoins  ot  tiic  me  moh  ewetda  the  uptimol  limli*. 
Tke  fiOBtractiiMi*  become  »uper£cial.  fluttering,  much  leas  eSecIive,  and  more  Uiijiu- 
fax.  The  blood  prtMurc  falla  nnd  the  he^n  is  unable  to  keep  the  pace.  Kint  the 
mridei,  iben  the  ventricle*,  pau  into  Sbrillatltm  kod  the  dtculAiiurvis  arrtatcd.  The 
chunber«  <.tof)  in  mcilisit  portion,  and  then  gnuluuUy  beeomc  gicatJy  dilated. 

Mnsculai  Cbuis^i  in  KabbiU.— Id  acute  death  Irom  UiiT  doMs.  all  paitsof  the  bnut 
aa.y  be  Middeol}'  nriRited.  Auer.  igii.  found  the  endocardia  muiclet  ot  the  right 
vcsiriele  hardrnnl.  He  bellevn  that  ihbi  chunjce  InvoKts  the  CODducting  *y»tem,  and 
(hat  even  the  cariicr  action*  of  diRliAlit  ore  due  to  slighter  degrees  i^  thete  cbemic 
change*.    Similar  abaoemalltlcs  occur  in  anaphylaxb. 


Pw.  M.— 'DtatfanM  iUuitriU  ibt  cttci:!  ulsurkulaiuid  ventnmUr  arrChmla;  (e),  luriciilsr 
"  -----  —  -     -    ,  ,y,u)l«  nrgndn  Uie  vmlrinilA*  at 

■t  lb*  nghe  lino,  knd  the  pulu  U 

_..        artculv)  etch  Krong  oooustlloa 

•ill  be  followed  by  a  veak  contrietlon. 


b«ali  (*),  >»iitjltiii»r  beat:  it),  putec-piraaiiir.  Thr  ■urlcaUr  tytn 
tlMhM*i'Une*,BMdUwr*l**<*«>n>«)''enily  ilrcnB;!!  coiacidHiti 
■mk.     Wlib  ihii  iUUtma  of  nt*  (i  ventficuUr  beat  to  iH  aorlc 


Tone  Eflectt  en  die  Exciaed  and  Perfused  Mammalian  Heart. — These  rcMmble 
la  the  main  the  muscular  iirecularity  oi  the  Intact  litatt.  After  the  iheraptutic  Ma|:e, 
the  coBtraction*  become  quicker  and  irregular.  The  diojitotic  relaxation  becoi&es  pro- 
Mitwivdy  >n>  complete,  and  the  heart  ho*  a  xystolic  tendency.  It  finally  pamc«  throng 
4eUriuia  ootdb  into  a)^oUc  staiubtiU,  ll>e  tone  iiicitoilnR  eirn  after  the  heart  m> 
Slopped.  Stretcbiog  of  the  nniade  (a*  by  incrcuine  the  coroDory  pressure)  may  tem- 
porarily restore  the  pabaliont  (lledbom,  1898:  Braun  and  Magcr,  1899;  Gottlieb 
«ad  Magmu;  lOos;  IIaync».  lucA;  Etienne^  iooq). 

Tbe  priacip*!  iifrniue  bef.ifin  IJu  fitJdcI  andtht  tKitei  htarl  is  the  position  of  arrest  1 
VUa  b  diattolic  in  the  iclnct,  and  (>)-i.I«lic  in  the  cnl'toH.  The  «yitoUc  standstill — 
'Wfakli  occurs  abo  In  the  frot's  hiMirt— is  the  really  rharncterittic  cRccI  of  dtAJtalis. 
tn  the  intact  mammal,  the  fiUling  blood  preHure  impaira  the  coronary  drcnlatron,  so 
VJial  the  cardiac-  muscle  can  not  icmain  contracted. 

T(Hck  Bfl«cts  Mt  (h«  Froc'a  Hettrt.— This  also  tliows  a  complex  of  inhiUtion  end 
^roc«ntiaJ  Stlmatatioo,  but  tAe  mantfestationa  diScr  nmlrrinlly  from  those  ta  mamnsb. 
~Xhiey  vary  WMnewhat  according  to  the  dose  and  mctliud  of  application.  They  an 
^Fotlrcly  peripheral,  ami  are  not  modified  by  exciNon  of  the  heartorl>yalrapui;but  vagus 
wUiiHIutlon  remains  effective  until  rixor  sets  in. 

Tf^cti  CoMTK.— If  moderate  tone  doKS  are  injected  into  an  Intact  frog,  and  the 

laaMrt  W  nposed,  the  |>henonitnA  are  a*  fiiUomi  (Boehm,  1871);    After  a  latent  period 

^  five  to  fifteen  nuoutci.  the  diastolic  lendencv  becomes  coupictiaut.    The  chambers 

vxpatad  n>o«e,  ihr  diastole  Is  lengthened  and  ilic  rate  issomewlial  slowed.    The  A-V 

interval  is  unchanged  (Clark  and  Klines,  lotj}.    The  srsiole  b  also  moie  complete. 

^inth  strong  heart*,  the  cfTect  !<i  mainly  00  ttie  auridrs;  but  U  the  heart  is  weak,  tlie 

-wnirMes  are  alio  stimulatod  {Dark.  1914)-    This  corroponds  to  the  thrrafniiic  iMf. 

The  folic  irrf(i4drM«tiaR  soon  aftct.    The  systolic  phase  o4  the  ventricle  become* 

vaegceatcd.  so  that  at  tines  the  apex,  at  times  the  base,  remain*  dimly  contracted 
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during  the  diutoU.  Thr^e  partial  diastolci  may  alternate  *o  that  the  blood  u  nwrriy  ] 
pumpfd  bnck  nnd  forth  from  one  pare  of  the  vrniriclr  to  the  other.  Thn  bas  boa  ! 
called,  rather  inappropriatirlx.  'Vcnfiiu-  perislnlsh."  Agaia,  «  p«rt  of  the  ventrklsj 
may  mnala  firmly  contracted  fnr  a  caniidcmblc  time,  atui  then  Dwy  rcsoBW  riiyt' 
contraction,     ('rhe  " peristal f.l»"  was  first  dwtriln-d  by  Vulptan.  iSjS.) 

F.vcnlunlly,  the  ventricular  dia»t<ilc»  become  weaker  and  weaker,  until  the  vcBl 
finally  Koet  into  permanent  syslatu  slaitdslHI.  nnd  apprare  as  a  small  white  lump,  ooa^ 
trailing  sharply  with  the  tursid  auricles.    'I'lic  iipe\  is  i>ficn  armted  befiwc  the  baie^ 
The  auricles  continue  lo  pulialc  for  a  lime  and  eventually  itop  di»tcnilcd< 

The  ventricular  systolic  standsliU  ii  not  paralytic;  (or  If  the  vcntrirle  is  lor 
dUtcnded  with  fluid,  it  will  aitain  start  t■(FetIi^■e  beats  (Schmwdeberg,  1874}.  The  si 
ttlll  i%  due  to  atctttht  lone,  which  prei'ents  diastolic  relaxation  under  the  ordinary] 
venuua  pressure.  It  bnot  an  ordinary  but  prolonged  contraction,  for  Ibe  b««n'inu»-j 
cle  is  not  In  the  refractory  phaae  (Ta>'  b"*^  frlogle.  191C).  Schmiedcberg  coasidenl 
it  an  increawd  "elasticity."  I 

Other  hearts  may  not  «how  the  "peristalsis,"  but  instead  the  phenomena  tA  Mrfiolj 
auriiulo-stnltuHlar  "black,"  I.e..  the  ventricular  rate  suddenly  (alia  toottc-hall.  Ibcn^ 
one-third,  one-fourth,  etc.,  of  the  auricular  rale  I.Struub,  iQ^tJ.    The  auricuJo-ventricu- 1 
lar  interval  is  also  lengthened  (Clark  and  Mines,  141  j).    Bveotually  the  auricular  rate, 
and  finally  the  sinus  rate,  may  alto  be  haU  ed.    Tlie  block  mav  be  explainable  by  frv- 
lotiialion  ofthf  rffroftory  period,  for  Brandenburg.  1Q04,  showcti  that  the  heart  u  tUM 
Ims  easily  viclublc  loexlrnsystoles.     On  the  other  band,  the  ifionlaitf«itt  tontrattUilfl 
is  increased,  for  if  the  ttnus-suricular  iunction  is  crushed  (t-Stannius  esperiment)  th«  j 
ventricles  are  not  arruted  as  in  the  normal  frog,  but  at  once  initiate  ■  sfiontaneous^ 
rhythm. 

In  other  lirails.  the  systolic  phenomena  so  far  drscribcl  mM)'  be  preceded  by  rn 
tion.     The  di.i^ioiic  reloxalion  predominates,  the  heart  remains  regular  and  the  I 
bcrome  )irai!iiall>'  ^lowrr  la  temporary  diailollc  slnTKUtill.     Thi'  is  witnctMd  but  raretr 
in  inlnci  animals,  and  is  then  followed  hy  ihe  usual  systolic  phase  (Bochai). 

In  eitiscd  and  perfused  frogs"  hearts,  the  effects  of  dilute  soluttOQS  cotrespond  to  . 
thoM  of  Mfni  sliMulalion.  The  rale  is  slowed,  the  diastolic  excurxiona  incrcMeiJ,  t)i*l 
systolic  excursions  at  lirst  unchanged,  then  lUmlnisbed.  This  ptogttSMS  to  di*4lMei 
ttandilill  (Jacobj,  1900',  Wybauer,  looo),  from  impaired  CondnctJoii  and  heort-blodtl 
(Slraub;  Clark,  .IQ14).  The  heart  still  responds  lo  mechanical  sllanulation.  Hi^bt(4 
concent  rat  Ions  produce  the  typical  syslolic  phcnumenii  and  syslolac  standstill.  Very  j 
concentrated  soiulions  poriilyie  the  heart  (Wcrichinin,  1910).  There  is  always  a  latent  | 
period  of  five  ti>  tificcn  miniiles,  even  when  strong  sulutionsatc  used. 

Tkt  dUsU>lic  slortdilill  occurs  cspeLiJilly  on  applyinit  the  di^talis  to  ihe  outer  surface 
of  the  heart.  Werschinin  claimeil  ihat  a  pven  concentration  produces  the  same 
effect  on  cndocariHal  nnd  pericardial  Rpplicnlion;  but  Ilolslc,  iqij.  and  Clark,  tQii. 
attribute  the  diastolic  sliiiidstill  (rum  intrscatdial  application  10  techaicaJ  erton. 
The  diastolic  standstill  is  a  regular  feature  of  low  concentrations  of  the  various  digilaloid 
substances  (Ilriicdiccnii,  iqo;\  including  barium  (PoulsHin,  1910). 

The  Inhibitory  phenomena  bear  a  clo^c  rrsembhnte  lo  n)[u<  ttimHUlivm,    HaUl- 
ichinsky,  tqoK,  demunstr.-ited  the  summation  of  submaiimal  digitalis  and  vagus  ii>Iiibt>  j 
tion.     Ilonrevci,  the  digilalii  inhibition  is  not  influenced  by  atropin  (Bcnciticcati.  tgai).  j 
It  must  therefore  be  concluded  that  the  vaitus  and  diiiilalis  act  independently  on  ib*^ 
same  function  of  the  muscle,     (Sehmiedcberg.  1910,  suggests  that  tlicy  stimulate  specific 
"diastolic  fiber?;"  but  the  existence  of  these  is  altoarther  hypotheticoL) 

Isiiluitd  Aufi/lf  ,>f  ihf  FfDg. — ^Thctoiicdoscof  dlltitalislsat  least  ten  linaca  as  great 
as  (or  llie  ventricle;  the  phenomena,  however,  are  similar  (W,  Straub,  191$).  , 

Fixation  of  Di^taloios  in  Heart.— W.  Strnuh,  1910  to  loij,  investigated  theqnftiu}>'] 
tative  rcbiions  of  digitalis  on  excii^ed  frogs'  hearts,  uilng  the  response  o(  "test  bcarts* 
as  a  (|uan<itative  method.    He  found  Ihe  ctlects  rouKbiy  proportional  to  the  conceol ra- 
tion of  the  poison,  not  to  the  absolute  amount  used.     From  this  he  a^ed  ibat  the 
reaction  muil  he  confined  to  the  surface  (envelope)  of  the  muscle  celk;  the  intchaMiV| 
being  similar  to  that  of  saponin  action.     Further  invesltgatlon.  however,  showed  th>ti 
the  quantity  is  also  important  (Qark,  191:;  Grucnwald,  i^it;  Iisckult,  1915),  audi 
that  the  concentration  is  probably  important  mainly  in  deterntning  the  npjdtly  lAI 
penct  ration. 

The  effecis  of  digitalis  outlast  its  actual  application.  With  small  doses,  the  heart 
recovers  completely  on  washing;  but  when  immersed  anew  in  digitalis  solution,  even 
after  a  long  lime,  its  threshold  is  found  lowered  (Gottlieb,  i9i4;Issekuta,  1915).  Time 
facts  indicate  that  disilalis  11  absorbed  and  itiirrd  i»  Ikr.  htarl  muitle,  remaining  there  in 
active  form  for  a  roniidrrnble  lime~  The  amount  of  drug  umkI  up,  however,  is  very 
small  (Straub;  Grucnwald;  Clark;  Hulaic.  tgii);  Nmewhat  giettter  with  »«ifit»lt«  tlm 


alth flUopheaUiin  (n'eizxiteckcr,  191  j).     Fuehncr,  iota,  findiUial  mcthyl-violcl,  which 

I  in  the 
eflects  corrnpnndmg  to  the  qunntJty-  of  dye  *o  fixed. 


hu  a  tyiiicaJ  dlnllaUi  rflcut.  acluull}'  Hccumujalcs  In  the  cardiac  muscle  of  Irogx,  the 


T)icr«  i&  rraMia  to  believe  tbut  aa  actual  storage  of  digitalold*  ocmrt  in  the  lieart 
celb  of  nuuDinals  (Hatcher,  1911),  olthoush  the  «vEdenc«  U  not  concluuve.  Lhota, 
1911,  (tntct  that  the  storage  or^iirepitrticulnrly  in  the  heart  mid  blood  ve»cli,  but  alio 
in  the  Mvrr  and  other  ontans, 

Wilbur,  loii,  reports  that  irriiants  (iodin)  produce  effect*  aimiiar  to  dt^taU*  on 
terrapin '(  heart. 

Conccntiatioa  Coeffia'ent. — Sollmann,  Mendcnhall  and  Sliiui«l,  icjij.  determined 
the  rutiu  of  tuticrriitrutiun  and  activity.  They  found  that  the  feebler  the  action^  of 
ouabain,  the  more  is  its  ncli^-ity  tncrtoicd  by  doubling  the  cottEcntration.  The 
rntvini  for  Ihis  arc  cxpl.iiiird  in  their  paper. 

ViEor  of  lh«  Heart. — Holstt.  ioii,and  Weinaecker,  1013,  find  that  this  EnSuences 
the  rciponw  qunnliinlively.  The  greater  the  intctiiilj'  ai  the  cardiac  function*,  the 
prompliT  Ihp  stdtphnntWn  effect. 

Temperature. — ^Tlie  cardiac  effects  of  tlie  diKitaluids  on  froic*  increase  with  the  tem- 
penture  (Trendelenburg,  1009),  the  increase  bdns  iircnter  for  low  than  for  high  tern- 
pcrjturet.  The  activity  i^  inciraMd  by  heal  not  only  directly,  but  also  IhrouKb  the 
more  rapid  heart  rale  (tkillmann,  Mendenhall  and  ^tinKcl.  1915).  In  the  jicrfuKd 
mammalian  heart,  the  efiectt  are  also  quickened  by  heat;  in  this  case  the  more  rapid 
coronirj'  ilnw  is  a  contributing  factor  (Ounn,  1914). 

Influence  of  Serum. — Wertchinin  found  llic  synlolic  aclion  much  weaker  in  Ring- 
er'i  Milulion  than  in  scrum -solutions  of  the  dru>;9.  Oppirnhvimer.  igi.t.  obscrvi-d  that 
•crum  inbibilt  the  action  nf  the  Icm  soluble  digitaloids,  but  not  of  itrophanthio. 
Oiolettrrin  and  rgg-albumin  did  not  liavc  c(|ui\'aUnI  eflects. 

Oxyttn  increase  the  ditiitalii  effect  (Cruenwald.  ton)- 

laOaeaet  of  Ions. — The  systolic  diptalii  action  occurs  only  in  the  pretence  o(  Ca 
iOH  In  the  perfuKd  ^oluiion.  Kiceuof  alkali  or  nbsencc  of  potoidium  rather  incrcaxs 
the  systolic  action;  excess  <■(  Ca  has  little  effect  ((^lark,  loii).  Un  the  other  hand, 
strophanthin  delays  the  itand^iiU  of  the  heart  when  this  ii  perfused  vnth  Ca-frec 
soluiiont  or  with  pure  K  noluiionii;  but  It  hntlcna  the  arrr^t  when  added  loattoluiion 
from  which  Ca  and  K  arc  both  absent  (O.  Lui'wi,  1911;  Kouschegi^,  19>3).  Strophan- 
thin  may  therefore  to  a  certain  extent  replace  Ca,  and  thercbv  antogonixc  The  K,ion«. 
The  effects  of  the  inn»  on  the  vattiis  action  are  <|uite  different  fClsrk,  1914). 

Anttssaism  with  Alkaloida. — Lhuta,  tooo,  claims  that  cocain  diminishes  the  toxicity 
of  *lropilianthin  by  leuening  the  cardiac  excitability.  Wilbur,  1911,  found  that 
atiychnin  often  removed  the  ouabain  heart -block  in  terrapin'*  heart. 

Central  Effects  of  Digitalis.— The  peripheral  efTects  dominate  the 
symplnm-complex  so  greatly  that  of  the  tlin-ct  central  effects  only  the 
emetic  action  is  important.  The  cardiac  action  is  bo  selective  thai  fropi 
whose  heart  has  hec^n  stopped  liy  iltgitalis  may  hop  iibout  as  if  normal. 
The  medullary  centers  arc  probably  stimulated  directly.  This  is  proven 
for  the  vomiting  and  vagus  centers,  probable  for  the  vasomotor  center, 
and  perhaps  also  for  the  rcspiratorj-  center;  but  the  indirect  effects  from 
the  altered  circulation  are  much  more  important  than  any  possible  direct 
actions. 


Ct^fai  Symptomn.  When  digitalbi*  injected  into  the  nrvdnof  uHnit^lAcffirff  rab- 
biu,  or  Mbdurally,  the  •'.vnipMm*  occur  imnicdiutely.  and  appear  to  be  lar^-ely  central. 
ttxy  conai»t  in  dyspnea;  tremors  and  convuliioni;  mioiin;  debility  and  paralysis  of 
oenaia  nuKle  groups  opecinlly  the  neck;  abolition  of  tcrlain  rcllirtCB.  These  effect* 
tic  followed  by  aaphyxial  c^mvul^ions  u*i(h  mydriasis  and  death  by  parulyiix  of  the 
nafHratioa  or  heart-  The  bier  stmptomi  are.  tit  Icatt  partly,  due  to  tlie  circulatory 
dianxct;  hut  the  rariicr  ^ymplornn  arc  probably  due  to  iliiccl  central  acliom  (Sanlca- 
too  and  Strindbere.  1916,) 

Kctpi/alion. — Hypodermic  or  intravennua  injection  produces  a  primary  Incraase 
ef  the  respiration  in  rabbits.    Lancer  doses  depress  (Cr<>ss,  1914). 

Extiici  bTOKckiti  mnsiie  is  not  aifected  by  struphanthin  (Trendelenburg,  igii). 
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GASTRO-INTESTmAL  ACTIOKS  OF  DIGITALOIDS 

Vomiting  and  diarrhea  occur  with  overdoses  of  all  cligitaloids.  Cotil 
recently  ihey  were  crrgneouslj'  attributed  mainly  to  local  action,  espe- 
cially of  the  digitonin.  Hatcher  and  Bailey,  iqii,  poinicd  out  that  the)* 
occur  more  promptly  on  intritvcnous  th:in  on  oral  administration;  and 
Hatcher  and  F^^Wton,  IQ12,  proved  that  the  vomiling  movements  occur 
even  when  the  whole  alimentary  tract  has  been  excised.  The  action  is 
therefore  cent  ral,  and  it  is  useless  to  look  far  "  non-emetic' '  dijjptalia  prepa- 
rations. The  differences  arc  merely  quantitative.  These  conclusioos 
are  supported  by  the  clinical  data;  for  the  nausea  or  emesis  is  always 
pmrdrd  by  cardiac  effects  (Eggleston,  191  j)-  The  ga-Vro-intestinal  symp- 
toms generally  disappear  within  two  or  three  days  after  withdrawal  (Cohn. 

Ver}'  *cn»itirc  individuals  may,  nf  couni^,  be  nituicatcd  by  the  acrid  Uste  tX  eves 
smitll  dose*,  bill  locftl  irritaiion  ^ulTiricnl  to  produce  cmriU  could  onlv  occur  with  doK* 
much  Inrui-r  itmii  the  clinical.  Tb«  difUonin  must  piay  a  vcr>'  inuxDifiCBal  pan; 
for  it  i-1  not  cmcllc  in  doses  very  much  Inrgct  than  occur  in  the  uiual  BdmitmlratMn. 
The  fal  of  th*  Icnf  is  also  non-emetic  (EnKlrtlon  und  H»lchei,  loij).  Ttic  oil  o( 
BtropDanlhus  liccd  is  emetic,  but  onlj'  in  quuutilie^  10,000  times  as  hjKA  a»  are  present 
in  a  thera|>eulie  dose  of  the  tincture  (Hatcher,  tgifi). 

Ratio  of  Emetic  Action. — This  may  bo  exiMi-Med  us  ihr  rdatinn  of  the  cmrtic  to 
tlic  falal  dosrr,  inlravcnously.  Egm1«iton  und  Hatchirr  found  True  LKcilalln  the  matt 
emetic  (emetic  dose  —  31  per  cent,  of  the  fktal);  then  come  i.trophanlhut,  ouahnn, 
dlsitailis,  diglpuraluin,  diKalcn  and  adonb  (ratio  —  ^o  (o  50  per  cent  ):  ihca  iji^tonn 
and  amorpbuus  sttophuntbin  (58  to  G5  per  cent.);  leaat  emetic  wrie  Squill  and  Apocy- 
num  (7  5  to  SS  percent,). 

KJocmann,  iqti,  stales  that  digitalis  diminishe*  taslrif  intrriion  in  fiiiula-<lop. 

Squill  was  formerly  used  as  nuuseunt  expectorant;  BuODTinua  (wahoo)  a»  catbaitic. 

CALL-BLADDER 
This  is  stimulated  (Ueb  and  ^^cWho^te^,  tgts). 

SUPRARENAL   SECRETION 

Richards  and  Wood,  1915,  find  that  the  blood,  after  the  intraveDOus  injeetioa  of 
ttrophanthin    01   digitoxin,  contain*  tubiitiincc    that    inhibit    intestinal   lonui.  and 
which    they   inlcrnret    a«   epincphrin.     This   inhibiliofl  substance   If   sbMiU    il   ibe 
Splanchnics  have  been  <ut. 

LOCAL  ACTIONS 

DiptftUs  and  the  allied  druKt.  when  injected  hypodermlcsUy.  oimr  fairly  Kverf 
irritation,  pain  and  abscess  formiition.  wliich  practically  preclude  their  it»e  by  ibii 
channel.  Inlrammcutnr  injection  U  feoiible,  although  not  poinlcM.  The  irriianl 
action  varies  in  different  drugs, 

Digildlis  (nattlcitlHrly  digitoxin)  and  xiuill  are  more  irritant  than  ilropbonlhia 
and  ouabain  (Haync^.  1006). 

Rdattre  Imtant  Action. — Holsle,  11)13,  from  hyTmdermic  and  conjunctival  applica- 
tion to  rabbits,  eslublisttes  a  series  for  tlie  iMialed  tirinciplca  as:  Mou  irritant  *  iGJ^* 
toxin;  then  diicilonin,  then  digilalcin  and  cymarin  (from  spocynum).  Pnctkatly  Don- 
initant  »  di^lalin,  ounbun  and  strophanthin.  liigalen  was  much  more  irritant  thaa 
dl^Jluratum.  On  tho  skin  of  young  pigs.  O.  Locb  and  iMtnt,  iot(>,  al<o  lound  diij< 
toxin  and  dijcaten  the  most  irritant.  Dij^puratum,  slropbanlliin  and  miabain  vete 
about  ax  irritant  us.  iligii.ilis  infusion. 

Sirophanibin  dues  not  inhibit  the  rmitralUms  ef  UacocyUs  from  Inflamed  niesmloy 
(Ikeda.  itji6). 

Anesthetic  Action. — Sleinach,  iSitft,  and  Pnn^s  1S90,  found  that  applicsllna  tA 
■tfophanthin  lo  rabbit's  conjunctiva  pruducn  ane!.lliesiB  laitinc  w^'etal  bourrt.  In  msa^ 
boirevcr,  there  is  considerable  inflatcmation.    Other  di^taJoids  ore  also  aantbetk. 
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TBERAPBUnC  USES  OF  DIGITAUS   ' 

BbtoriciL — The  protcrainnol  use  of  DigitolU  it  tcUUvciy  rccrnt.  It  vta  t«o$ohttd 
br  Wm.  Wilhcriiiij  of  BlrmlDgluiin  (Cushny,  1915;  Alpen.  itjis)  u  na  ingredient  of  »n 
Md  woiDftn's  stcrct  formula.  After  ttn  ytura  of  i-kpcrimenlalion,  ho  published  his 
nwltiio  17S5.  H«  WIS  chivfly  inlcrisinl  in  the.  iliuiYlic  inflect,  nnd  men  lions  the  cor- 
dl«c  action  only  incidvnUlly.  The  evidmtt  (or  tin;  totuicttimi  o(  ihr  circulstory  anil 
diuretic  effect  wiu  fimt  einphmizcd  by  John  l^'crrint  in  1 7<)g.  The  drug  quickly  asiumml 
Ml  imporl&nl  pliK«,  ihouRh  iti  [>ropiT  fifM  wa*  not  rccognijicd.  The  caidiiic  blowing 
particularly  xtlractpil  ntlvnlion,  and  us  lali^  ai  1S51  Trautw  referred  the  clinical  ctTccts 
erilireiy  to  this  "dcprewnnl"  action;  hence.  Digilnli*  «ns  used  in  aneurvim,  internal 
hcBtorrhagc,  etc.,  Uu  which  it  would  be  entirely  unsuilnlilc.  Ten  years  Inler,  Ttnubc 
Wttpled  the  rise  ol  bluod  prc^ssure,  wliicli  had  been  discoven-d  in  animuls.  as  the  bMlR 
")( tlie  therapeuliir  effcrl.     This  has  Iwcn  dispmvcn  only  quite  recently. 

Strofhunlhus  wiie  hrouKht  ti>  Kumpo  In  the  early  slities,  and  it^  rnniinc  actions 
■tn  promptly  discovered.  lis  introductiun  into  mc^dicine  is  due  maiulv  to  Th.  R. 
FiMcr,  1883. 

The  use  of  Scilla  dates  from  the  Ancient  Grcelcs.  although  its  cardiac  action  wu 
not  iKosnlzed. 

Apocvnum  wo*  used  b^-  the  early  settlers  as  a  hydragogue  catliarlic  and  diuretic; 
pranmably  they  learned  its  use  from  the  Indians. 

Cenfmaria  nss  also  been  used  for  several  ccnturfa  la  domestic  medicine,  ngainat 


ExplAOJition  of  Clinical  Efiects. — Digitalis,  and  the  allied  drugs,  are 

is«r<d   mainly  to  restore  broken  com  pencil  ion  in  heart  lesions.     They  do 

Oii^   Ijy  inrrciising  tht-  lone  of  the  cardinc  muscle,  thus  lessening  the  dila- 

oort  ;    narrowins  the  lealcing  valvular  ring;  and  increasing  the  amplitude 

"^    tii«;  s>-stolic  contraction  unit  the  time-output.     They  slow  ami  regulate 

tA«?     ^^enetally  rapid  rhythm  toward  the  normal  optimum.    They  tend  lo 

'*'^^c:>'veirregularitict(,  jwrticularly  in  auritular  fibrillation.     Tnall  of  these 

?^:>^^   they  increase  the  efficiency  of  th«  circulation,  insuring  a  better  fill- 

•■^jK      <:>!  the  arteries,  improving  nutrition  and  oxygenation,  and  relieving 

,th^      ^onge^Ied  veins.     The  heart  is  among  the  first  lo  feci  the  effects  of 

i  mprovcraent.     The  vicious  circle  of  weaker  heart,  poorer  circulation 

^^<rsed  into  the  beneficial  circle  of  stronger  heart,  improved  circulation; 

*^"^^t  the  effects  outlast  the  administration  of  the  drug,  and  the  improve- 

!"*^'^*-   is  per|»et ualed.     Al  the  same  time,  the  circulation  in  the  kidneys 

'^**"*^I)roved,  by  the  faster  blood  flow,  the  increase  of  pulse  pressure,  and 

^"^    *"«^lief  of  the  venous  pressure.     Tlic  kidneys  are  ihu.-*  placed  in  the  best 

f^**  *^1  £  tion  for  filtration  or  secretion.    The  anuria  is  relieved.     If  there  ha* 

J^*^'^     edema,  the  improved  kidney  action  results  in  extensive  diuresis  and 

,    '■*'*    in  the  alworptton  of  the  edematous  fluid.     This  in  turn  improves  the 

I  ".^^•■t  action  and  the  whole  circulation,  by  relieving  them  of  the  comprcs- 

'  *^**'^     <sf  the  ascites.     The  vastwonslrictor  action  may  also  play  some  part; 

*^^    il  is  strongest  in  the  intestines  and  liver,  it  helps  lo  relieve  the  con- 

8^*^*«r>n  of  these  organs. 

.       -^11  of   ihe  etTetis  of   the  therapeutic  stage  of  Digitalis  action  may 

I  j-^*"*^fore  contribute   lo  its  clinical  usefulness.     The  increased  tone,  by 

.^"^"^ishing  the  cardiac  dilation;  the  increased  amplitude,  by  increasing 

I      **utpul  and  thus  balancing  the  leakage  or  obstruction  of  defective 

^^^^*=^;ihc  inhibitory  action,  by  restoring  the  rhythm  toward  the  opti- 

'  »    ^iid  by  partially  blocking  the  response  of  the  vcniriclc  to  exces-sively 

^'^^^rous  auricular  impulses  (in  auricular  fibrillalion);  and  the  vasocon- 

^  *^tion,  by  shifting  the  blood  from  tbe  congested  venous  area.*,  into  the 

^^■•^tcd  arterial  system.     Rise  of  blood  pressure  as  such,  has  no  imporl- 

^tare  in  the  action;  for  it  rarely  occurs  clinically,  even  with  inlraveD- 
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ous  injection,  or  in  cases  wbicb  arc  gieiitly  benefited  (Fracnkd 
Schwart*,  1907). 

Differences  in  Health  and  Disease. — The  actions  of  digitalis  are  ihe' 
same  whether  the  heart  h  iiurmal  or  abnormal;  but  the  results  of  these 
actions  arc  somewhat  different.  In  health,  the  results  of  digitalis  consti- 
tute departures  from  the  normal,  which  are  antagonixed  by  comnen&alory 
mechanisms;  in  disease,  the  results  constitute  a  return  toward  normal, 
and  are  tlierefore  not  antagonized  in  the  same  way.  Consequently, 
the  effects  of  digitalis  are  generally  greater  on  those  circulatiwy  functions 
which  ha\'e  departed  must  widely  from  ihe  normal.  The  removal  of  the 
cardiac  abnormiilitics  also  entails  consequences  which  are  not  wilnc>se<i 
in  the  normal  individuals;  such  as  more  efficient  regulation  of  the  rate, 
the  removal  of  irregularities,  of  dyspnea,  of  edema,  the  diuretic  effect, 
etc.  These  differences  could  almost  he  predicted  from  a  proper  ttndcr- 
standing  of  llie  pharmacologic  data;  but  it  is  important  that  they  l)c  taken 
into  consideration  when  the  restilts  of  animal  experiments  arc  traosferred 
to  the  clinic. 

Efficiency  of  Digitalis  in  Cardiac  Dilatation. — The  clinical  value  of 
digitalis  may  be  best  appreciated  if  it  is  conceived  as  restoring  the  tone 
and  contractions  of  an  c!chauste<l,  fatigued,  but  otherwise  normal  heart 
muscle,  to  healthy  efficiency.  Its  usefulness  therefore  depends  upon  the 
physiologic  conditions  of  the  heart,  rather  than  upon  the  an.-itomicat 
lemons.  It  will  be  most  useful  in  those  conditions  in  which  the  ventricular 
muscle  is  called  upon  to  do  an  amount  of  work  whicli  exceeds  its  capacity, 
and  which  therefore  induces  dilation,  This  occurs  particularly  in  valvular 
lesions,  where  the  incomplete  emptying  of  the  heart  places  the  muscles 
under  an  ever-increasing  strain.  The  response  will  depend  upon  the 
quantity  of  muscular  tissue  on  which  the  digitalis  can  act:  it  is  therefore 
generally  more  effective  in  ventricular  dilation  (mitral  and  tricuspid  in- 
sufficiency) than  in  auricular  dilation  (mitral  and  tricuspid  stenous). 
The  diastolic  expansion  of  a  normal  heart  Is  increased  by  the  vagus  aclioo 
of  digitalis;  but  the  excessive  dilation  of  a  weakened  heart  is  reduced  by 
the  muscular  effect.  Tlie  difference  in  size  may  not  be  demonstrable  by 
clinical  methods. 

If  the  cardiac  muscle  is  degenerated,  as  in  cardiosclerosis,  digitalis  will 
be  useless  or  even  harmful,  by  imposing  too  great  a  task  on  the  few  weak- 
ened muscle  libers.  It  will  be  oj  little  use  in  acute  failure  of  a  previously 
healthy  heart  (^mple  collapse),  since  this  is  not  due  to  muscular  ex- 
faaustion;  nor  is  it  very  effective  against  the  toxic  cardiac  dilation  of  acute 
fevers.  On  the  other  hand,  most  striking  results  are  produced  by  intra- 
venous strophantliin  injections  in  threatened  acute  faBuie  from  pure 
myocardial  cthaustion. 

Efficiency  of  Digitalis  in  Cardiaclrregularities. — The  second  tmporianl 
factor  in  the  usefulness  of  digitalis  i'i  rlu-  regulation  of  arythmias.  It  is 
especially  effective  in  the  "absolute  irregularity"  of  auricular  fibrillatioo. 
Other  irregularities  are  not  so  much  improved  or  may  even  be  exag- 
gerated. Digitalis  is  rather  dajigerous  in  partial  heart-block.  It  must 
not  be  forgotten  that  overdosage  of  DigitalL'i  may  provoke  any  of  the 
clinical  types  of  irregularity  even  in  a  healthy  heart,  and  this  will  occur 
more  readily  when  the  heart  is  disposed  to  them  by  disease.  It  is  there- 
fore necessary  to  watch  carefully  for  the  appearance  of  any  irregularities. 
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Auricular  fibrillatifin  (formerly  miscnllcd  "nodal  rhythm"  by  Mifkenzie)  ii  api  lo 
occur  u'hcn  Ihr  .iitrirli-^  nit  cicct^ivcly  dilated,  h»  i  n  idvanccd  myncnrdml  and  valvuUr 
kmoH.i,  The  ovFtit retched  nuricular  tnustlcs  ate  itniible  lo  make  (onccrtcd  con- 
Iraciions.  and  initcad  cnlcr  inio  a  stale  of  tonlinii.ii  ttciinii-'ilion  or  fihriUniion.  Thwe 
Bumbctlcu  irtegukr  impulm  arc  transmitted  l«  the  ventricle,  and  thus  produce  k 
vcfympid  GonfuMd  ibytbm.  Thcoutput  of  the  heart  Ugnatlydccrcoscd.  niid  the  result* 
are  very  Kriout. 

This  it  the  condilion  in  which  di^lalis  produces  the  most  nlrikini;  and  rapid  improve- 
ment (Cuihny.  141 1 ;  Mnckeniie,  191 1 1:  The  rhythm  does  not  bcL-umc  nnrmul  but  the 
rate  is  reduced  to  about  normal,  the  irrrj{ularity  becnniM  Icm  and  the  dy«pni;4tand  othci 
lymptonw  of  heart  failure  are  relieved.  The  improvement  of  the  heart  i*  bcttet 
TcQcctcd  in  tlii^  ,i|i('v-licnt  (nuicultalion)  thnn  in  the  puUc  (Chriitian,  1915). 

The  auricular  librillation  is  not  chsngeiJ,  although  it  may  be  presumcl  that  the  dii- 
tcnlion  is  lessened.  The  main  factor  in  the  improvement  ii  probably  Ibe  leueued 
conductivily,  by  which  mnny  o(  (lie  superfluous  aiificular  impiiI'M  are  blm'.ked  from  the 
ventricle;  for  somewhat  similar  reiults  may  be  obluincd  from  limple  va^fus  tdmulutioD. 
(ta  aurirukr  fibrillation,  mcchnnicnl  ilimulation  of  the  right  vftgu*  usually  ilowi  the 
ventricular  rhythm  without  affetlinjj  the  auricular  rale  (Robinson  and  Orapcr,  ign). 
The  direct  regulating  action  of  diKilalis  on  the  cnrdiac  muscle  may  play  wime  part; 
for  it  has  been  found  that  diipljilis  tends  to  remov*  itrceularilies  in  eiciicd  heart*. 

F.frri  on  Uliit'd  Flm^: — The  improvement  under  dlinla1i»  in  auricul.ir  librillation  a 
accompanied  by  a  pntmpt  and  dectdei!  increuw  in  the  blood  dow  throuub  (be  hitnd. 
Snce  Ihere  is  no  evidence  of  purely  local  va-sodiln-tion,  this  mcotu  improved  output  of 
the  heart.  In  a  ca^  in  wliidi  there  W34  no  clinkaJ  Improvement  tWe  was  aliono 
Incmuc  of  the  blood  llow  {Stewart  and  Scotl.  i9>5). 

To  obtain  the  besl  results  in  auricular  JihriUaiion,  the  digiUtits  must  be 
itarted  vrith  full  doses.  Smallrr  doses  must  then  [he  cottiinued  for  a  long 
h'wM",  giving  just  enough  to  keep  the  rate  between  60  and  70  per  minute. 
Oveixlosage  U  often  indicated  by  occaMonal  reduplication  of  the  pulse 
wave.    This  is  an  iiwjication  to  reduce  the  dosage. 

Tbtte  "  coupled  bcals"  (pulsus  blscminus)  ate  not  produced  by  dlicitalls  in  any  other 
concfilion  (MacKenzie).  Each  ventricular  beat  originating  from  the  auricles  it  followed 
by  anolher  xrising  in  the  venlridc  (Lewis,  igi  1). 

It  the  auricular  t'lbrillalion  occurs  in  cardiosclerosis  or  wheri  the  myocardium  is 
eic«i»ively  ireafcened.  diKilalit  is  much  less  effective  and  much  imire  dangerous. 

Eicfssive  dosM  of  disltalis  (also  o(  barium,  aconilc,  etc.)  may  of  themselves  produce 
■urictilar  fibrillation,  in  man  as  wtll  as  in  animals,  by  increasing  the  excitability  of  the 
auriclo  (Ctiahny,  1911). 

DtfieUnl  Vaft  Tonr, — In  limplf  ^itUifnini  of  ikr  <ardi'}(  rale,  by  diminished  vagus 
(Ode.  tlic  efficiency  of  digitalis  depends  upon  Ihe  cause.  In  the  milder  grades  of  cardiac 
dilation,  the  vagus  tone  h  automatically  inhibited  in  the  effort  to  keen  the  blood  pre«- 
•urc  to  the  normal.  Digitalis,  by  strengthening  the  beats,  removes  the  need  (or  Ihe^e 
rapid  tontraicticms,  and  they  naturally  return  to  the  normal  rate.  The  return  is  doublJess 
hastened  by  the  direct  stimulant  effect  of  diRllnlis  on  the  vagus  mechanifim.  In  some 
cues.  It  fails  to  slow  a  fa^t  but  regular  rate;/.!.,  tlie  rapid  heart  ratcof /rvrr  is  not  much 
•(Eectcd. 

Pwiyttnai  Tar.tiycarASa. — The  response  varies.  Tn  some  cases,  digitalis  is  prnetically 
latffectlve;  in  others,  intravenous  stropharithin  reduces  the  rate  very  strikingly. 

PrtiodU  (han^ts  in  sinus  rhylltm  i^uch  as  the  exaggerated  respiratory  variations, 
which  occur  in  general  nervous  exhaustion,  ralber  I  hnn  in  cardiac  disease)  arc  not  bcne- 
Sud  by  digitabs.  On  the  contrary,  the  vagus  stimulation  would  lend  to  render  Ihem 
■ore  marked. 

ExtrasvilalfS. — These  would  not  be  removed  by  digitalis  since  they  arc  Drobnbly 
due  to  heightened  irritability  o(  tlie  myocardium — a  condition  which  could  only  be  es- 
■KScrated  by  digitalis.  Eitrusystole*  due  to  ner\-ous  ex  hnn  i  lion,  indigestion,  nicotin, 
MC.,  do  Itot  require  medicinal  treat mcni;  they  lend  todisflppe-.ir  under  suit.ible  hygiene, 
and  id  any  case,  they  have  no  serious  significance.  (The  influeiicc  of  various  drugs  on 
eslntfyitote*  ha*  been  studied  by  McCord,  igii.) 

Partial  Heart-block  (diminished  condui:ti\'tty  of  the  auriculo-ventricti- 
lar  bundle). — This  is  alwa>>s  exaggerated  by  digitalis:  a  slight  retarda- 
tion between  ihe  aurinilar  and  ventricular  nmiraclion  may  thus  be  con- 
verted into  a  partial  block,  so  thai  the  ventricles  respond  only  10  every 
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second  or  third  beat  of  the  auricles;  or  a  partial  block  of  this  kind  maybe 
converted  into  a  complete  block,  the  ventricles  iissuming  iheir  character- 
istic slow  indqjcndcnl  rhythm.  In  partial  heart-block  (even  when  the 
a-c  interval  in  the  jugular  tracing  is  merely  lengthened)  difiitatli  should 
Ix;  avoided,  and  employed  only  with  caution  when  it  is  otherwiKe  urgently 
needed.  If  the  need  for  it  exists,  however,  it  may  relieve  the  s)-mptoou 
eve:i  though  il  ejcaj^gcrales  the  partial  block. 

Complete  Utart-block. — In  this,  digitalis  can  do  no  further  harm;  for 
it  does  not  slow  the  spontaneous  ventricular  rhythm.  On  the  coniran-, 
it  would  tend  to  quicken  the  beat,  at  all  events  it  would  tend  to  render  it 
more  cBectivc,     It  might  therefore  be  of  some  use  (Bachmann). 

In  complete  txperimentnl  heart-block  ("iow)  ulrophanlhin  first  incTeucd  the  raM 
«rid  itrcnglh  of  the  vcntriculnr  conlrnclion.  This  na«  fonowcd  by  ludden  venuicuUf 
arj'tl""'i>  "O'l  tacliyciinliii.  imteHsiiiK  t.i  librHlulion.  The  jurklrt  were  itirnstlitnc4, 
their  rnte  sometimes  auickencd  ot  slowed.  The  blood  prwsure  ro»e  in  the  finl,  aad 
ttlll  more  in  Ihc  second  dagc  (van  I'smnml,  191  j)- 

Jrregulariliei  tn  Ikf  Slrtntlb  of  the  (Sartiuu  CoTtlraetiotis  (Pubi»  alMraaiu)-~' 
ThcM.  as  contrasted  with  irregiilnrilicK  of  rhylhm,  arccurreotlr  attribvted  to  eshaustioii 
of  the  m>i>:ntdium.  They  should  Ihen'rure  hr  improvtd  by  dizililli.  It  must  be 
employed  wtlli  caution,  howc-er,  for  «mibi  irtcgulnritiei  are  promincflt  io  diltfTiiBt 
poisoning,  and  on  exhaus^tcd  bcnrt  is  more  tiibjrct  to  ihcie  rIfcclA. 

Use  of  Digitalis  in  the  Special  Cardiac  Lesions. — No  cardiac  lesion^  ss 
such,  either  indicates  or  contniindicales  digitali:^.  Whatever  the  lesion, 
digitalis  would  be  superfluous  so  long  as  compensation  is  fairly  perfect. 
The  indications  for  its  use  arise  only  when  compenfuition  faiU;  and  then 
its  po^ibilitics  for  good  or  harm  arc  determined  by  the  ph}'siologic  con* 
ditions,  as  they  have  been  discussed,  rather  than  by  the  location  of  the 
anatomic  changes.  The  two  arc,  of  course,  often  associated;  and  it  may 
therefore  not  be  amiss  to  review  the  use  of  digitali-v  from  the  standpoint  o( 
the  usual  anatomical  classification  of  cardiac  diseases. 

Uhral  pr  TrirmfitJ  Innifuifncy. — The  leHka^c  >A  ibc  mitral  ot  tricuifild  vaJvct 
tendi  to  pioduce  exceiuve  dilution,  patticularly  of  the  auriclvs,  often  aMocialrtl  wJth 
the  more  scriout  nrhytfamliw  (auricular  cxtrosystoiot  >nd  aoticular  fibtillatiaa}. 
Uiyilnlii  would  be  purllcukrty  useful. 

MiJral  SUnosi), — Digitalis  would  be  l«3»  efficient  in  this  lesion.  It  will  he  tnnembcnd 
thnt  disitalis  .ict*  compnriitivcly  wcaUy  upon  the  auricle*,  much  more  >(rociglr  oa  tbe 
ventricles.  Consequently  a  niitrul  6teno«is  can  Dot  be  affccieii  li\'  action  oa  the  left 
auricle,  but  only  through  the  tight  ventricle.  Thia  increaicd  work  of  the  rixlil  venirklr, 
ftimbincd  with  the  stcnnui  of  the  mitral  valve,  will  tend  to  produce  <:on;:ciliOin  «t  tbe 
pulinitnaiy  N'eiwU.  coiutequenlly  tolcawn  the oxyK«natioB  o4  llie  bl>HKi,  und  in  thtd  wmf 
ma  J' interfere  with  tbe  nuttltion  of  the  heart.  Then,  aguo,  tlie  lyjtolic  tendeacyof  the 
diiciljIU  will  render  the  filcno&lK  more  mnrkcd.  just  ns  it  cnuntcracts  imufficien^  bj 
approacliintc  the  valvules.  On  the  olhci  hand,  the  canliac  slowIoK  *iU  give  tfa«  iHOfl 
more  time  to  emiity  into  the  henrt.  Some  condition*  o(  the  action  oj  '*%'*■'■*  ai* 
thcreforr  favorable,  othcrii  iinfjvor^blc;  And  the  effect  upoa  patixil*  >*•  ta  conMqucnoe, 
variable.  Some  casn  of  mitriil  stenosis  are  benelited  by  dijnialis,  others  are  even  made 
worse.  The  diyilali*  must  therefore  be  carefully  wnlched,  nnd  it  il  is  seen  that  the 
symptoms  arc  not  improved,  it  shoidd  tx'  omitted  nnd  replaced  by  other  rcmedie*: 
Jl  the  lyraploms  arisiii);  from  low  blood  pmaure  predominate,  it  would  be  welt  lo  ttajioj 
vasocoDStncton;  If  those  from  a  weakened  heart,  vautdilntors. 

TrUuspid  Sltaaiis. — In  this  tilso,  disitnlls  would  olien  lotl;  but  it  b  Mtattime 
valuable  to  restore  the  lone  of  the  auricle. 

Aotik  Slmesis, — The  difficulty  which  ihi&  Icuon  offers  to  tbe  eoiptjring  ol  llw 
ventricle  tends  lo  ddaiion.  and  thi«  fre<|Ui'ntly  produces  IrrcKolarilia,  Mrtfcvkit}' 
pulsus  altetnans  and  ventricular  ex Lrasystoles.  Dif[iuUs  would  be  valuaUc  W  loac 
u  the  hcnrl-mutcle  is  able  lo  rcsponil  to  it. 

Aarlic  ImuMrirncy. — The  uscfulnesa  of  diKitstis  in  Ma  lesion  ha*  bun  roach  dis- 
puted. The  older  clinicians,  since  Corrigan.  held  it  to  be  detrimental.  IcarinK  capecia]l7 
that  ihc  prolonged  diaalule  would  give  the  blood  In  the  brain  a  chance  to  gnvttale 
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^idtollic  hcftri.  nnii  thuft  producr  9yncoi>c.  The  (kii)[er  Is  doubflnt  ^racKi-ratMl, 
ti|)tri:iatly  if  Ihe  ]>ativnt  U  kept  in  bed.  The  imixtived  tone  of  the  ventricle  may  maie 
tlun  oOiict  the  h>i>ol helical  objection.  At  prc«r-nl,  di|[italU  b  Ecacrally  um-iI.  al  Icsst 
U  nitnl  ioiufiicieacy  is  alio  [imcnti  but  it  should  be  vmpluyed  oioie  carefully,  and  it 
would  be  well  to  combine  it  with  nitrite. 

The  occurrence  of  syncope  on  changl&S  suddenly  from  the  prOAlrale  to  the  upright 
poritioo  is  not  rare,  under  tne  influence  of  di^talis,  eveo  with  other  icuoni:  the  patient 
ibould  be  cautioned  ns  to  M%. 

Cebhart,  luii.  hna  tried  the  effect  of  dlKitnlis  on  rxperinmlal  oortir  ttui^Skimcy 
In  rabbits:  He  found  that  it  lessened  the  dropsy  and  mortality;  but  did  not  prevent 
cardiac  hypertrophy. 

Chronit  Uyociirditlt. — Dl^lnli;  would  generally  bv  cfEcicct  ajialml  the  dilation 
■nd  imsularitx:  but  it  rau$I  be  UEted  Ciiuiiou^ly  if  the  muicle  ii  degenerated. 

CanSatelfrotii . — -It  must  be  remembered  Ihat  the  most  u^rful  ciTecli  of  digitnlls  are 
produced  by  B  stimulation  of  the  cardiac  muscle.  As  a  rciult  of  the  butter  nutrition 
produced  in  this  nunner,  the  muscular  fibers  may  afterward  hyncrtroiihy,  or  new  fiber* 
■nay  possibly  be  lormcil;  but  the  primary  action  of  dijfitAliii'  it*elf  u  confinnl  to  (he 
already  existing  muscle;  comeguently  it  will  be  of  no  use  If  there  U  practically  no 
muitcle  left  to  respond  to  it.  It  is  therefore  u°«lc^<i  with  a  henrt  which  has  underi^nrte 
nurked  (ntty  or  librous  ilcKencruticin.  In  this  conditiun  it  h  oiteii  contrnindicsltd, 
because  the  overworked  muscle  i^  more  readily  paiscmed. 

ll'tk  Bhod  Prrsiurt. — This  has  Utile  bcnrinj;  on  the  uscfillnc**  of  digitoli*.  It* 
existence  does  not  cuntraindlcHte  the  admini.<^lral  ion. 

AetOt  MyotardUis  and  KndecJrdiiii. — The  u*e  of  digitalis  is  debatable:  it  can  easily 
IcmI  to  dangerous  nverslr^iin  of  the  hsTierscnsitive  musric. 

Circulator?  Failure  of  Fevers.— The  uscFulni-ss  of  diKitatis  is  rather  limited  It 
may  improve  the  pulse  (making  it  fuller  and  more  regular),  early  in  the  disease,  when 
the  heart  '\ii  rclntively  InclTicicnt,  but  when  the  blood  piciKure  is  still  maintained. 
Patients  dcvelopini"  auricular  librillaiion  are  very  strikin)[Iy  benefiti'il  (Cohn,  tvtj). 
The  action  of  sirophanthin  is  identical  in  normal  and  in  pneumonia 'infected  animiils 
(Jomioon,  1915).  When  collai>sc  (vasomotor  p&ralysis)  has  set  in,  dltptalU  wouldbe 
pi»ctically  ineffective  (U.  Schwartz,  1906). 

Aneur7tnn. — The  sudden  distention  of  the  aneurysmal  snc  by  a  InrBCt  mais  of  blood, 
whkh  would  be  the  result  ol  diijiilalis.  is  exactly  con  train  die  a  led.  Tlie  only  reason 
wfcy  digitalis  has  not  done  more  lurm  in  this  way  is  that  it  ha*  not  generally  been  used 
in  urac  enout;h  diec;  to  have  a  marked  cllccl. 

HMnarrhage.^Tlils  would  similarly  euutraindicatc  digitalis. 

Absorption .^The  slow  onset  of  ihc  symptoms  shows  that  absorption 
from  tlie  alimentary  canal  h  very  grailual;  it  is  more  rapid  with  rectal, 
and  especially  with  intramuscular  administration. 

The  dose  influences  the  rate  of  absorption  materially.     With  oral 
adminbtralion,  ihc  rale  of  ubsoqjtion  increases  with  the  dose  (Hatcher, 
1909)1  but  is  always  quantitatively  uncertain.    The  variation  is  espe- 
cially great  with  sirophatUhus  (Hatcher,  7909).    This  accounts  for  the 
unsatisfactory  clinical  results  from  the  oral  use  of  this  drug.    The  safe- 
dose  would  6c  so  small  as  to  be  generally  ineffective;  a  really  effective' 
doae  could  be  highly  dangerous  according  to  the  individual  absorption.  [ 
BfUtborein  is  probably  not  absorbed  at  all  from  the  alimentary  canal,  since; 
it  commonly  produces  only  diarrhea,  without  cartliac  effect*  (Cushny," 
etc,    iQij).     Digitoxin   appears   to   be   better  absorbed   than   digitalis 
(Egglcston,  191 5).    The  tincture  of  digilall*  is  absorbed  more  rapidly  than 
the  infusion.     Digipuratum  and  digalen  are  not  decidedly  superior  (Has- 
kell, McCants  and  Gardner,  1916). 

Digtrml  Portioti!  oj  Ike  Digfilivr  Trad.— Qanntitative  studies  by  Ogawa,  191a, 
lodkate  that  di^talis  is  not  absorbed  tram  the  stomach.  From  the  intestines.  34  to 
45  per  CCOC  were  absi^cbeiJ  in  two  hours  from  dlgilalih  leaves;  with  dlxipurntum,  the 
uaorptioa  was  5)  to  ^i  per  cent,  in  two  hours;  65  iwr  cent,  in  three  houn. 

Deatmctiin  m  Alimentary  Canal. — The  digitikloids  arc  pniclically  unitffected  by 
pcpain  or  trypsin  (Cood;t11  ±a<\  Reid,  1014);  but  a  small  (tuautily  ol  the  glucosids  la 
probably  destroyed  by  the  aridity  of  the  gastric  juice  (Hale,  loii;  Holste.  loii:  Scguad, 
[911).    JohaoncMoha,  1914,  foujid  thiit  alkalies  wcxkcovd  ooiy  cr>'stjiJlinc  K-strophon* 
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thin;  flcidg,  tliU  and  amorphous  K-stro(diaatHn  and  stropluathiu  tincture.  The 
arnurphous  stropbantbtn  it  chutig«d  moatlv  to  strophanihidin,  and  partljr  to  an  iiucttve 
min — ouabain  la  unalterol  by  either  acids  or  alkulin,  which  Lt  aa  advantaxc  in  it* 
adminis  I  ration.  Howevei,  with  the  xisaai  short  contact,  the  detlructioa  ot  ute  olhtr 
piiinciplcs  is  probnhly  also  unimportant  (Hatcher,  1909). 

LhulH,  igii  and  igij,  invukM  Kaslric  dcttrucllon  (o  explain  ibe  habitiutioa  «)ikli] 
he  believes  to  occur  in  rnbbitf,  j 

Disappearance  in  the  Body.— The  dljiitaloids  disappcai;  from  the  blood  alanOTtl 
ftnmcrliiiti:!)-  after  llic  inicttion  of  even  much  more  tnkn  fatal  dcaw  (Hatcha  liaii 
Eggleslon,  igii;  Lhotn,  191:].  Their  further  fate  a  not  definite!/ known.  From  thai 
duration  of  Iheii  ariiot)  Cloelta  tind  F!»chcr,  1906,  and  Hatcher,  iqij,  cooclade  th^tl 
a  put  must  be  stored  in  the  cardiac  tissue.  Lhoto,  1911,  cUirru  that  digitoxhi  U  founll 
diicfly  in  the  hcnrl  and  blood  vc^cls.  Less  in  the  liver  and  other  orsons.  According  tol 
Clarlc.  1913.  there  is  no  evidence  that  the  digitatoids  areetther  bxedor  d(8tnytd  in  IbaJ 
tissues,  £0  that  their  distribution  would  be  rather  one  of  (elective  tdulioB.afrinitjr.l 
In  proportion  to  theii  dlow  e^Kreiion.  titcy  would  gradually  dJfluH  back  Into  thv  blooo,! 

Eicretion.— This  ateo  hus  not  been  de&nilely  determined  because  it  i«  tfiflicnlt  taj 
demonslrxic  the  small  quantities  i^f  the  drugs.     It  probably  occum  partly  by  ibe  uriacjl 
but  in  rats  fouuljuin)  mainiv  by  the  fciX's  iHutchcr,  1909^.     Lhuta.  igu.  could  ittS 
none  in  the  urine  or  feces  of  rabbits.     He  hai  also  studied  (tgij)  the  excntion  and 
fate  in  the  toad. 

Onset  of  Action. — When  therapeutic  doses  of  ihe  I>igitali»  tlnigK  are 
admiiiislered  b)'  the  alimentary  canal,  the  efTccts  develop  very  slowly. 
It  may  be  several  hours  before  any  action  can  be  noted.     The  ftill  effectJ 
is  reached  much  later;  twenty-four  to  thirty-six  hours  for  the  circulatory' 
actions;  sevenly-two  hours  for  the  diuresis.     With  a  large  therapeutic 
dose  (0.3  Gm.)  the  latent  period  may  be  shortened  by  one-hall  (Ftaenkcl, 
1907).    The  delay  in  starting  is  evidently  due  to  slow  absorption,  for  wbea 
strophanthin  is  given  intravenously,  the  circulatory  action  begins  at  once, 
and  the  diuresis  starts  in  a  few  hours  (t'raenkel  and  Schwartz,  1907).] 
Intravenously,  digitalis  and  its  principles  act  almost  as  promptly  (Hatcher 
and  Bailey,  1910).     In  any  case,  however,  the  reaction  continues  to  in- 
crease for  some  time. 

Duration  of  Action. — ^The  digitalis  effects  endure  for  a  long  time  after 
the  administration  has  slopped,  whether  the  drug  was  given  by  the  mouth] 
or  vein.  It  is  difficult  to  establish  a  time  for  the  clinical  reaction, " 
when  compensation  has  been  established,  it  tends  to  persist,  independ- 
ently of  the  drug  (except  in  auricular  fibrillation),  until  some  extra  de- 
mand causes  a  fresh  break  of  compensation.  Thi.«  probably  holds  trtie  to 
some  degree  of  the  other  cardiac  changes.  The  persistence  of  the  drug- 
effect  depends  also  upon  the  total  do.-te.  One  can  tlierefore  only  deal  in 
approiimations.  The  effects  of  a  "full"  dose  of  digitalis  or  digilQ 
seem  to  persist,  witli  gradual  decline,  for  one  to  three  weeks,  accorc 
to  the  total  dosage;  but  for  shorter  periods  with  some  of  the  other  d(- 
gitaloids,  especially  strophanthin  and  ouabain. 


The  duration  of  the  didtalis-eflect  can  he  measured  accuatdy  in  ani 
Itotcher's  method  (diilerential  fatal  dose):    In  cats,  one-hAlf  of  the  oflgiittl  effect ' 
an  intravenou-t  injection  peruats  for  tJ)e  following  number  of  days:  diptalia,  five 
twelve  duys;  digitomi,  fourteen  (dogs,  two  Anyv:  rabbits  lets  than  one  day);  digitalda^l 
three;  digitalin  German,  three;  diptaliri  true,  less  than  two;  ouabuin  and-  stfophambtil 
lei«  than  one  (Hatcher,  1912)-     Klein,  1914,  believes  that  the  action  of  ttrophantbia 
may  persist  for  a  munth  in  cats. 

The  duration  is  much  Sorter  in  dags  and  especially  in  nthbits,  as  qtroud  lot  dic^j 
toxin.  Apparently,  the  more  r^istant  n  species  is  to  digitalis,  the  sbonct  i*  the  actioaj 
Both  facta  perhaps  depend  un  the  rate  uf  eiiminution.  The  dlnica]  data  Indicstethat' 
the  duration  in  man  approaches  that  in  cats  (Eggleston,  1911}. 
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Mechanism  of  the  Prolonjsed  Action.-— This  might  b«  explained  eitlicr 
by  the  persistence  of  the  digitaloid  in  the  tissues;  or  by  persistence  of  the 
cardisc  changes  after  the  drug  has  disappeared.  The  briefer  duration 
after  ouabain  favors  the  fast  rather  than  the  second  explanation  (Hatcher), 
but  the  evidence  is  not  decisive. 


i  TdKaaca. — Gmt  dlOercncra  exist  In  the  eusceptlbtllty  ot  dUftrenl  ^prciM 
to  tli«  di^bdii  pcoMns.  Rodents,  toads  {Vulpiai).  tScO]  uid  the  jciMft-tnake  are  npe- 
cully  resttuit  but  not  immune.  With  munniAls  toe  difference  is  pcrhapt  partly  a 
toaticr  ol  exctcllOD',  but  the  r<si»ULncc  Mvms  to  be  m^nly  (n  the  llHua. 

Curiwuly,  the  itsiiunte  ef  tkt  uad  and  iiuhe  does  not  extend  to  the  related  action 
of  barioin  oc  Mponin  (Hciuerj  1901;  CUrk,  1913).  The  toad  mattftnoe  is  generally 
■ttriliuted  to  habiluation  for  It*  own  pol»an:  and  niippi,  1913,  doimt  ihit  loul«  de- 
prived ot  tbcif  poison  aie  veiy  uruilive  to  dieitalis. 

The  (atal  dose  (or  nti  \%  onrly  &  thotmna  times  greater  (per  ktloEramj  than  that 
tor  CBt>,  even  h>-pi>dcrniically  (llitcbri,  1909);  nod  thirty  times  ii»  mudta*  (or  rahbitt. 
Gutin,  toiji  (ouul  that  the  concentraticia  r«|uirrd  to  arml  the  Isolated  heart  ia  a 
pven  time  u  alto  fortv  lim«  greater  (or  lats  Iban  for  nbl>ii5;  showing  that  the  difference 
Be*  in  the  bcart  JtMlf.    Sin^lar  rclationa  hold  for  the  toad  and  tnaltc  (Clark). 

Umta,  IQII[  aaurts  that  rabbiti  acquire  an  aJiloil  tolerance  by  habituation;  this 
leedt  COaGnnstioa.  Klein,  t9i4<<ic3cfi1)«  2  Mmilai  induced  lulerAncein  cats.  Silviv 
b*rg,  1907,  claim*  thai  ruminantt  arc  more  r«i'iaiit  to  oral  admin iitmtion,  but  not  to 
tatnvenous,  indidiiinK  that  in  thne  animaU  the  drucs  arc  parlljr  deatroyed  In  the 
digestive  canal.  Lhuta.  iqoq.  ilat»  that  ycnins  amnunlsare  more  raislant  than  adults, 
Praifmal  Voiittioiis  in  StisceptibQitir.— These  occur  in  frogi  and  cuinca  pig*  (Itaikell, 
i4tt  and  IQI41  Vanderklced  miil  l'iu»iKer.  roij;  Baker,  igij).  It  is  intcrc^tinit  that 
th«y  run  rcvtrvc  to  the  aeaicnul  variationa  ol  accionltrlk  and  diphtheria  toxin  (Hukcll. 
i9»3)- 

Cumulative  Actioa. — The  eSects  of  digitalis  tend  to  be  cumulative; 
that  is.  tlie  M-ime  dows,  continued  day  by  day.  tend  to  produce  ever-in- 
creasing effects;  or  more  commonly,  toxic  effects  dc\-eIop  suddcidy,  without 
warning,  after  smalt  doses  have  been  continued  for  some  time.  In  the 
therapeutic  use,  the  dose  must  therefore  cither  be  diminished,  or  toxic 
phenomena  result,  often  quite  suddenly.  I'his  cumulative  action  may  be 
explained  in  part  by  the  slow  and  uncertain  absorption  and  excretion. 
The  principa]  factor,  however,  is  probably  the  slow,  persistent  and  pro- 

Sewsive  action:  Since  the  effe<'t.<  of  a  single  dose  may  {lersist  over  several 
ij-8  or  weeks,  the  effects  of  all  the  doses  which  arc  given  in  the  meantime 
.are  more  or  less  summe<I  uji;  and  the  effects  of  digilali.i  are  determined  by 
the  total  dose,  and  not  by  the  single  or  even  by  Ihc  ilaily  dose. 

CHKOmC  DIGITALIS  POISONIHG  IN  AniBIALS 

von  Lbou,  1910,  ha»  uuditd  Ihia  is  Aaoi  vfikh  were  jioiiuned  fui  Kveral  months 
bv  (lowly  laereatiDg  di»»  o[  Dipialis.  Tnc  phenomena  coirespond  cloaely  to  those 
oMcrvcd  in  nan:  The  puUc  nlicr  nine  or  ten  dayt  thowioocaaional  short  periods  of 
■loiriflg,  but  with  the  heart  rtxuUr  and  Htrunit.  If  the  admin istration  Is  continued,  the 
dowlng  bccuNB  more  petMitent  and  more  marked  and  arbythmic.  Later,  ihc  pulie 
Me  ufm  incnasts  to  normsil  or  xnmcvhat  above.  The  puUe  chaaRcs  outlail  thr  ad- 
■inlat ration  (oc  a  lone  time;  in  severe  acute  iKiisoninR.  they  may  persbt  (or  sevenl  wrck»; 
alt«f  duonic  poisoDini!,  they  may  lait  over  a  month.  Lhola  believes  that  the  effects 
ate  at  fint  cumulative,  hut  thnt  later  Mme  tolerance  U  acquirod  especially  m  rabtttts 
(Lhoto.  iQii),  but  the  eviilcnci-  (or  habituation  ia  not  coBvindof;. 

Typical  cumulative  poisoning  lias  alio  been  ob»er»-ed  in  cats  (Klein,  1914). 

TOXIC    EFFECTS    IN    THE    CLINICAL  USE    OF  DIGITALIS 

These  are  not  at  all  uncommon. '     The  effects  of  the  drug  vary  so  much 

Qg  to  the  condition  of  the  heart,  according  to  absorption  and  cumti* 

on,  etc.,  that  the  doisage  is  very  uncertain.     The  drug  must  be  givea 

■H*lle)'.  ivit,daim)  thnt  in  ■  **ria  □(  einrty  .-ut*  It  Betlcraf  HMShaL  >J  pf>'««rt.  abOMd 
— :  Ions  <£  toue  ution,  Kltbeugb  tho  •dB»n»lr*lia«  vu  condactod  mUi  tin  giaif  I  oaf*. 
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until  the  des.ircd  therapeutic  cfTect  i^  obtained;  and  the  zone  between  the 
really  efficient  therapeutic  action  and  the  toxic  action  is  so  narrow,  that  the 
minor  loxic  man ifesta lions  arc  apt  lo  occur  at  »ny  time.  Ind«.tl,  it  is 
often  necessary  to  "push"  the  drug  intentionally  to  this  point,  lor  the  full 
therapeutic  effect  practically  coincide*  with  tiic  minor  loxit  manifesta- 
tions (Eggleston,  1915),  These  do  httJe  permanent  harm,  if  the  dosage 
is  reduced  immediately  on  their  occurrence;  but  if  the/  are  dtiiregard€<d 
the  results  will  be  most  serious. 

Digestive  Disturbances.— These  occur  early  and  are  ea^ly  recognized, 
so  that  ihey  are  vcr>'  im|X)rlant.  They  con&ist  in  nausea,  ^eat  malaise, 
and  often  headache  which  may  be  very  distresanR,  If  the  drug  is  con- 
tinued, vomiting  will  iK'cur.  Diarrhea  is  not  verv  common  with  digitalis, 
more  frequent  with  strophanthus.  squill  and  heilcljorein.  When  any  of 
these  digestive  symptoms  occur  tlie  dosage  should  be  reduced  or  stopped. 
They  will  then  subside  in  one  or  two  days. 

Cardiac  Irregularities.^ Digi tabs  may  simulate  any  of  the  clinical 
irregularities;  so  Uial  it  is  sometimes  difijcult  to  distinguish  between  ihem, 
particularly  in  advanced  poisoning.  To  establish  their  causation  by  digi- 
talis, it  must  be  shown  that  they  were  absent  before  the  drug  was  given, 
and  that  they  disappear  in  a  reasonable  lime  after  its  di.tcontinuance. 
The  early  eSects,  however,  are  fairly  characteristic.  The  most  common 
is  excessive  vagus  stimulalJon  (sinus  irregularity).  It  is  best  seen  when 
the  heart  is  slowing  after  a  little  exercise.  The  rate  may  fall  to  50  or  even 
lower;  so  that  syncope  may  occur  between  the  contractions.  The  rhythm 
may  remain  regular;  but  ventricular  eslrasystoleK  are  common.  Thti 
stage  would  not  occur  in  auricular  librillation,  nor  in  absolute  heart-block. 

The  next  stage  is  usually  tliat  of  partial  hearl-block,  especially  if  the 
conductivity  was  naturally  low.  It  may  occur  with  relatively  small  doses 
(Windle,  1911),  and  may  be  permanent  (Taussig,  1912);  Christian,  ^91$, 
records  transient  auriculoventricular  dissociation. 

The  hnal  stage  is  that  of  muscalar  irritabilUy,  first  indicated  by  extra- 
systoles.  These  are  particularly  common  in  auricular  fibrillation,  giving 
the  "coupled  beats."  With  more  advanced  toxic  action,  there  occur 
the  same  effects  a,s  in  animals:  high  blood  pressure  (vasoconsiriciton); 
ver)'  rapid  rhythm,  with  periodic  changes  in  amplitude,  puUus  altcmaoi 
(rarely). 

Dosage.— Kgglcsion.toi},  finds  that  the  toxic  effects  depend  mtlnly  on  tht  ittu? 
doM,  nioditicU  b>'  the  weight  ol  tile  palienl,  the  activity  of  lh«  uiniaratioD,  abqoTpttoo. 
individual  suwrplibility  and  tlve  nature  of  the  heart  loioo.     Witti  the  otdinary  tnei- 

3 die  ad minist ration,  ihc  characteristic  couplt^  heals  occur  wlirn  the  tolil  tiuantily-  of 
iltitalis   tias  renclicii  2.:;;  to  6.1s  (im-     Since  the  actiuD  penjals  portly  Itam  one  10 
three  weeks,  ihew:  irregularities  will  recur  with  »  smaller  <Io«ik& 

Duration  of  Iir«guluities.~This  deprndi.  on  the  total  doMRt,  and  thctdore  on  the 
wvcrily  ot  the  phenomena.  Ejj-Kleston,  1911.  found  that  couuled  heats  Keoerally 
uutluted  the  ad  minis  I  ration  by  four  to  twelve  days;  hearl-hlork.  chrce  to  six;  cotnbiiMil 

fibcnomena.  six;  auricular  ftbrillallon.  tlirec;  mu»culBT  Irrltabirity.  two;  slnu&  irreauUr- 
ty,  Iwodays.  The  delayed  conductiuQ  K«i>erally  ktts  about  two  days,  but  may  extend 
over  two  weeks  (Cohn,  igij). 

ACDTE  DIGITALIS  POISOmHG 

The  symptoms  b«i  ia  relatively  Uie  (one  to  twenly-four  hour*);  and  they  geoetklly 
have  s  louig  course,  so  that  t  week  or  two  nay  elapse  before  death.  The  sympioms  an 
thoM  of  cumulation — gutro-inirMinal  disturbances,  «law  nnil  arhythmic  pul»c,'rl<^ 
liMsilude,  muscular  and  sensory  dcrangeme[it<i.  l)cath  geocialb'  occurs  suddedtjr, 
with  dyspndc  convulsions.    CoDsciousness  peisists  Ute. 
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The  treatment  vrould  coni^iii  in  cvncuniion,  quietness,  pouibly  difliuiblc  sllmuUnte, 
and  other  sym pi »Dia tic  trtatmenl.  A  cathaitic  should  bcgiven.  (The  claim <il  Kraun, 
1906,  thai  diasUse  is  an  cffetlive  antidote  to  Ettnphnnthus  is  doubtful.] 

The  fatal  dose  vario  grcaily.  on  ticcouDt  nf  the  vnrinblc  absorption,  the  occurrence 
of  renlitiiiE,  etc. :  i.j  Gm.  oi  difiliilis  lia;  beca  (ataJ,  whilst  4  Cm.  nas  t>c«a  lolIow«<t  by 
Kcovoy  (Cewb). 

The  •ymptoms  la  mimvmiil«  are  very  simitar.  The  symptonm  of  fatal  intravenous 
iajKtion  of  strophanthiu  Include  vomiting  and  dianhm  (botn  central),  and  cuuvuImom 
(Halchci,   iQog), 

Contniindicstions. — Digitalis  should  be  avoided  in  partial  heart-block, 
and  in  advanced  myocardial  degeneration.  lu  administration  requires 
even  more  than  ordinary  care  in  coronary  sclerosis,  in  aortic  insufficiency 
and  in  the  presence  of  any  irregularities,  particularly  auricular.  Renal 
discat>cs  emphasise  ihc  tendency  to  cumulation, 

ADMINISTRATION 

The  administralion  of  digitalis  drugs  must  aJm  to  induce  ihe  thera- 

rtic  stage  as  promptly  as  is  feasible,  and  to  maintain  it  as  long  as  may 
needed.  The  intravenous  or  intramuscular  injection  of  slrophan- 
thin  or  ouabain  would  be  the  ideal  method  to  induce  the  effect:  but 
it  has  several  disadvantages  which  restrict  its  employment  larf;ely  to 
emergencies. 

The  oral  administration  should  be  started  with  fairly  largo  doses. 
These  may  be  continued,  if  necessary  for  two  lo  four  days,  until  a  definite 
Ksponsc  IS  observed  in  cither  the  pulse,  the  urine,  or  the  nausea.  The 
dosage  should  then  be  rcducetl  to  a  third  or  a  fourth;  being  increased  or 
diminished  from  this  point  its  occasion  arises;  aiming  to  maintain  compen- 
sation and  keeping  the  pulse  about  80,  with  the  smallest  possible  dose. 
The  quantity  for  steady  use  can  best  be  adjusted  by  the  feelings  of  the 
patienU),  instructing  them  to  recogniisc  the  effects  of  overdosage.  The 
administration  should  be  stopped  when  compensation  is  fairly  reestab- 
lished. It  should  be  suspended  temporarily  it  nausea  sets  in;  or  if  the 
pulse  falls  below  50;  or  if  any  of  the  characteristic  digitalis  irregularities 
arise.  The  patients  should  therefore  be  observed  at  least  daily.  The 
suspension  must  extend  over  several  days,  at  least,  and  the  resumption 
of  tie  drug  must  be  very  gradual.  Ev«rn  in  the  absence  of  toxic  symptoms, 
it  is  well  lo  intermit  the  administration  for  four  days  at  the  end  of  every 
ten  days,  meanwhile  giving  a  cathartic  to  remove  any  tmab»orbed  drug 
from  tnc  intestine. 

The  digitalis  drugs  should  be  diluted  with  at  least  half  a  tumbler  of 
water,  to  lessen  local  irritation.  They  may  be  flavored  with  Compound 
Tmcturc  of  Gentian.  If  they  arc  not  tolerated  by  the  stomach,  they  can 
be  given  by  enema;  the  daily  dose  being  diluted  witli  loo  c.c.  of  normal 
saline,  containing  a  Hltle  starch.  The  absorption  is  perhaps  rather  more 
rapid  than  by  oral  administration. 

When  it  is  advisable  to  give  nitrites  witli  the  Digitalis,  it  would  be 
better  to  administer  the  two  drugs  separately,  since  the  onset  and  dura- 
tion of  their  action  is  so  different. 

DoMge. — With  the  digitalis  drugs,  the  daily  dose  is  far  more  impo> 
tani  than  the  dngle  dose.  The  daily  dose,  for  the  start,  should  be  about 
0.3  Gm.  (s  gr.)  of  Digitalis  (Mackenzie  and  Cushny  give  as  much  as  60  to 
90  mimms,  4  to  6  c.c,  of  the  Tincture).  For  continuous  use,  the  tlaity 
do«  should  not  exceed  0.1  Gm.,  ij^  gr.  {A.  Fraenkel,  1007).  The  daily 
dose  is  usually  divided  into  three  or  (our  portions.    The  following  shows 
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the  doses  of  the  commonly  used  prepjiralions  which  would  yield  approxi- 
mately equixTtli'Dt  rffccls. 

o.,i  Gm.  Digitalis  =  3  cc,  (45  minims)  of  Tincture  =  30  cc.  (5j)  ot 
Infusion. 

0.1  Gm.  Digitalis  =  i  cc.  (15  minims)  of  Tincture  =  10  cc  (3ij  of 
Infusion. 

Cushny,  141 1,  coDsIdm  that  i  part  of  Ointalis  u  diniCftlEy  cquivBlcni  to  }i  part 
uf  Struphantlius,  or  j  to  4  pmts  of  Squtlla.  For  babifi  u(  i  10  )  yt*n  (pacuBooia), 
Jncoby  ndviscs  s  diops  of  the  lincturt  rvtiy  two  hours. 

Choice  o(  Digitalis  PrepUfttioiis. — Of  the  v.'krinus  prepiiraticn*  of  DiritalH,  • 
good  lincturc.  phy:>iuli:<KicalJy  £iuii<Ja[dix('<l,  bu9  mniiy  uJvaiilaKcs.  Tht  intuMun  is 
uncertain  and  unstable.  Fluidci  tracts  itrc  unreliable  (HaikcU  Mid  Ikklci.  iQi})* 
The  powder  may  tie  u^i'd.  hiil  h.11  no  advantn);c,  jind  is  itpt  to  be  marc  irritinl.    Tbe 

EUI  of  Digiialis,  Squill  and  L'alomd  ("Guy's  Huspitul  Pill   )  »eems nmlltwly coinptex. 
ligipuratum  jfcms  to  be  n  good  prciMtrntion  (Book,  Ncwbuigh  and  Mailu,  1911); 
but  Bs  has  bten  italed,  a  good  Tinelurc  is  »» talJsfaclory  as  any. 

It  may  olicn  i«tm  that  one  pn-paralioii,  or  one  digilnluid  drug,  givM  rnulu  wbrm 
another  ius  failed.  Thi^  is  scarcely  a  cnneluiiivc  d em onst ration  oTiliMiperiorily.  even 
in  that  pariieiilflr  pationt,  since  the  cardioc  cocidilion,  sad  therefore  the  rcMMluc  to 
dlititalis.  is  apt  lo  vaty  from  dny  to  day.  Diflerentvt  in  dinicaJ  ttsultfi  aie  Mtrn  due 
to  diSercnccs  in  the  disease,  riither  than  in  the  drug.  The  »aiiu:  a  true  nt  the  gutric 
effects - 

Intensive  Oral  Digitalis  Medication. —  ICgKlesiun,  1915,  pointsout  that,  [(ihcdMaKC 
of  digitalis  is  sufficiently  high,  the  lull  thernpeutit  effects  may  be  produced  within  twelve 
to  twenty-four  hours,  even  with  oral  administration.  This  oRcrs  rnnnifot  advantages, 
but  isonly  sufc  wlii'rc  tlicpHlii'Cilcaribe  under  constant  obscrvatico  by  modem  metboidi, 
and  by  using  drugs  of  l:no*n  activity. 

The  drugs  nrc  best  standardized  by  "cat'uuiu,"  i,e.,  the  BnUigranis  oi  drug  fatal 
to  s  kilugram  uf  CHt,  intravenously.     Eii^gleslon  reports  that  the  relatioo  of  eSect  to  ' 
doH  (cat-units)  is  lemoTkably  uiillonn.  for  n  ^ivcn  drug,  regardless  of  the  pr cmpc*  Ot 
nature  of  cardiac  disciuic.     Whatever  the  cutidition,  the  10t»l  dow  of  digilAlis  by  moutii, 
lo  the  aupeurancc  of  the  first  improvcnicnt  svcrajfes  0.09  cal-unltf  per  pound  of  body-  ' 
weight  (about  0.9  <;m.  ot  good  digitulia  per  too  [wiuidi):  for  full  therapeutic  or  minor  | 
toxic  effects,  0.14(1  cat-units  per  pound  (about  1.5  (Im.  per  loopoundO.    With  digitoxn^ 
the  conc^poiidiiig  doses  arc:  fii^l  improvc-nirnt,  0.04  cat-units  per  pound  (1.4  mf.  pcf  ^ 
100  pouDus);  full  iherupcuiic  cITt-ct,  o,oCi&  cat -units  per  pound  {j^  mg.per  loopouMt)* 
The  other  digitaloids  give  vatiabic  results,  by  mouth,  becauxc  od  nncataln  Bb*oirptiao.  ' 
They  are  therefore  unsuited  for  the  inlrnMve  method. 

C'nder  the  above  conditions,  Egglcston  hnds  it  safe  to  ipve  u  miicli  as  one-baJf  ot 
the  tola]  cAlculfllrd  dose  at  once  (i.e.,  about  7.5  c.e.  of  the  Tincture):  followed  in  about 
*br  hours  by  onc'fourlh  of  the  total  dose,  Ihco  smaller  f  laclions  every  four  to  ux  houTL 
The  unskillful  use  u(  the  method,  however,  piesculs  the  greatest  daninn- 

Intravenous  and  Intramuscular  Injection  of  Strophanthin. — Intraven- 
ous Digitalis  therapy  was  tried  clinically  by  Kottman  and  by  Mendel  in 
1905;  but  the  preparations  which  they  employed  were  not  satisfactory. 
Tiie  method  has  been  put  on  a.  sound  basis  by  the  introduction  of  stro- 
phanthin (A.  Fracnkcl  and  Schwartz,  1Q07;  Krehl,  1907).  This  is  soluble 
in  water  and  has  the  advantage  of  a  more  uniform  composition — a  voy-j 
important  matter  when  so  potent  a  procedure  is  employed.  It  also  Bets'! 
more  promptly  than  digitalis,  and  has  less  tendency  to  cumulation  and 
vasoconstrirtion. 

The  therapeutic  events  correspond  with  those  of  digitalis  adminis- 
tration, but  occur  much  more  rapidly:  The  first  change  is  the  increasedl 
amplitude  of  the  pulse  wave,  which  tan  be  obscrN-cd  in  three  or  (ottr  min- 
utes, The  pulse  then  becomes  fuller  and  less  irregular,  and  the  symptoms 
of  cardiac  failure  (dyspnea,  cardiac  distress,  etc.)  arc  improved.  The 
slowing  of  the  rhythm  sets  in  somewhat  later;  its  maximum  is  only  reached 
after  se\'eral  hours,  when  the  rate  may  become  slower  than  that  of  the 
normal  heart.     The  blood  pressure  is  not  altered — or  rather  it  tends  to 


remain  or  return  to  the  normal.  The  diuresis  also  begins  in  a  few  hours. 
'Ilic  increased  amplitude  outlasts  the  slowing. 

The  intravenous  administration  is  especially  indicated  in  the  acute 
muscular  failure  of  advanced  heart  disease— il  is  immaterial  whether  the 
failure  is  of  the  right  or  left  heart.  It  sometimes  gives  good  results  in 
colhipse,  e,g.,  of  typhoid  fc\-er  (Hoepffner;  Lieberme!»ler).  It  i»  also  of 
advantage  in  starting  digitalis  therapy  in  somewhat  less  urgent  cases, 
following  it  in  twetily-foiir  hours  by  oral  administration  of  digitalis.  The 
intravenous  method  is  not  very  suitable  for  continuous  digitalis  Iherapy^ 
partly  on  account  of  the  inconvenience  and  discomfort,  and  partly  he- 
cause  the  smoother  action  secured  by  gradual  absorption  should  be  more 
beneficial  to  the  heart  than  the  daily  repetition  of  the  stormy  effect  of  the 
intravenous  injection. 

Use  after  Digitalis-^The  previous  use  of  digitalis  renders  the  intra- 
venous injection  very  dangerous,  since  the  effects  of  the  two  drugs  will  be 
immediately  added.  At  least  two  or  three  days  free  from  Digitalis  should 
intervene,  and  the  dose  of  Strophanthin  should  be  divided  in  half  and  in- 
jected in  three  or  four  fractions  several  hours  apart.  In  advanced  cases, 
this  fractionation  should  be  practiced  even  if  the  patient  is  not  under 
digitalis. 

Inlratfitoiu  dose:  With  the  amorphous  strophanthin  (Boehringer)  this 
is  I  mg.  or  less  per  day.  Hatcher  and  Bailey,  igio,  have  used  ouabain 
in  the  same  way.  It  is  about  two  and  one-half  times  as  active,  and  its 
dose  would  therefore  be  H  mg-  or  less,  as  i :  6,000  to  i :  8,000  solution  in 
Donnal  saline.  Bailey,  1909,  prefers  the  intramuscular  injection  of  the 
same  dose  (ait  I^ooo).  This  is  almost  as  prompt  and  effective,  but  is 
slightly  painful.  Intravenous  injection  sometimes  produces  cyanosis, 
chills  and  slight  fever  (.Seifert,  igog).  ^igipurnfuMt  may  be  used,  c.i  Gm., 
i)4  g""-.  P"  dose.  The  intravenous  dose  of  other  digiialoids  (according 
to  their  toxicit)'  for  cats.  Hatcher  and  Bailey,  1910)  would  be:  digitoxin, 
i>5  Rig-;  tincture  digitalis,  4  c.c. 

RECAPITULATION  OF  OTHER  DIGITALOID  DRUGS 

These  present  quantitative  differrnces,  which  might  be  of  some  thera- 
peutic value  if  they  were  better  understood.  At  present  they  possess  no 
serious  advantage  over  digitalis  for  oral,  and  the  straphanthins  for  venous 
adminisl ration.  These  accomplish  all  that  can  be  done  by  any  digi- 
taloid  drug.  Many  of  the  substitutes  are  inferior  in  solubility  and 
absorbability. 

Isolated  Digitalis  Principles. — ^These  have  proven  disappointing,  since 
the  only  one  which  can  be  obtained  pure,  tligitoxin,  is  undesirable. 


Dicitoxin. — Thi«  hAX  the  un(lc9irablcfeatur««<ii'pri><luciRKexcF^<oveirrilatiun,Tuo- 

||^CniUlJlclion,iindcumululivcac[ion,  and  u(  bfiiiK  [ii-iirly  iiuuluble  in  wattr.    It  may  be 

Jvedinij  percent,  of  ulcDhol.     It  has  hrra  used  tUmcfilly,  csprcjolly  by  Mwiu», 

F1894,  Corin,  i»95.  iinii  l''.gg!c*.lon.  igij  (i/.  InK-ntivr  Oral  DiKiUlis Medication).     Ills 

I  ttetbrr  abMtbcd   tliaii  Digitatii.    Thu  usuaJ  daily  doje  by  motitb  ii  i  to  j  xng.,  InrsEly 

dOalcd^  kypodermioilly,  0.5  me.     (t  cc  of  0.0$  per  cent-  in  zj  per  cent-  nicohol; 

Unvemcht,  1805;  It  produce*  (rrttatlon). 

Wgllrilw  "Twe." — Thb  h  nlso  inwlublc  an/l  cmelic,  but  non'irriiantandiiotgKally 
j-pnnuutive.  Clinioilly,  it  hns  proved  Ino  feeble,  a  viulnble  quanllty  being  probably 
I'decaiBpowd  tn  ihc  »tomadi  (l)cucbcr,  iSuG).  It  baa  been  u»ed  in  doiri  of  1  tu  5  m>. 
[to  8  to  t6  mg.  per  day:  even  50  me.  have  been  given  without  toxic  eSects  {PlaB,  1S91). 
[It  it  idauniiteml  in  pilU  or  dissolved  in  dilute  alcohol. 
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Commercial  Digitalins.— Tliese  have  no  arlvantage  over  ibc  galenic^ 
preparations.     The  uncertain  composition  of   these    mixtures,  and  tlie 
danger  of  confusing  the  similnrly  named  hut  verv  difTerrnl  prcpa  rat  tuns,  i 
should  preclude  their  use.     At  least,  "digitalin''  should   nevcf  be  pre-' 
acribed  without  specifying  the  variety  (venim,  German,  Freocb,  eic). 

Di^tBlin  Gennan. — This  contains  co  nsidcrable  digilonin.     Solublr  in  water  or  alcohol.  . 
Daily  -hif,  (i  In  jo  mg.,  ^jn  lo  ^i  gr.  (Bcnles,  11)07). 

DigitAlin  French  (HomoTle'a). — This  consists  lantely  of  true  >)iitilalin.     DaUjd^f, 

to  ft  mg.,  Ho  gt. 

Commercial  Specialties. — These  are  also  inde6nite  mixtures  of  tfa« 
impurr  principles.    The  most  important  arc: 

Digipuratum,  N'.N.R.  (Gottlieb).— This  h  a  purified  solid  ciiriici.  frcd  ffotn  dlcitc 

nin,  and  ;IunJurdil^t^d  lu  the  same  uclivity  us  di^ lulls  leaves.  It  cuataiiti  all  thecuittU 
glucosiiU,  ii  uniform,  reliable  nnd  stable  (Hole,  iqio)  and  ix  rdativcty  nan -irn taut;  bat 
all  these  features  nre  poMcssed  by  a  good  tincture  (DIxoo,  tyii;  Cow,  iQii).  Il  f* 
insoluble  in  <nlJ  water,  but  dissolves  on  the  addition  of  a  little  alkali.  lb  dcsa^e  is 
that  of  digilnUs  leaves. 

Digalen  (''Diglloxin  soluble,'*  CJoctta,  1004). — This  ha«  bcrn  widely  advcrtiwd  Uj 
an  amorphous  and  soluble  isomer  of  diRitoxin.     Kilinni.  100;,  ilates  that  it  Co 
mainly  of  dtgilalcin  Schm.;  his  opinion  should  carry  wcighl.     It  was  uid  to  be  frw' 
from  iljcdisadvuiitagesof  digi<<>iiii;  bill  it  ii  of  variable  iictU'hy,  imttabla  (Hale,  igio), 
produees  considcriible  irritation,  h  not  suitable  for  hypodermic  injection,  and  cauica 
cumulative  effects  (Fiaenkcl,  1907;  Wcslcnrijk,  190)^).     It  therefore  poMCtMS  BO  ml  J 
advantage  over  a  goud  tincture  (Dixun,  Cow,   i<ji:),  except  for  'kvnous  iaiKtiOM^I 
and  these  cause  pain  and  sometimes  thrombosis.    It  is  marketed  u  a  Mlalioa  (1  cx.>b| 
0.3  mg.  of  Iheglucnsids).     Theintravenousdose  isic.c.,irpcalcd  tnono-lulf  looaeha 
if  necessary. 

Strophanthins.— These  have  the  advantages  of  being  less  irritant  and 
less  cumulative  than  digitalis;  but  the  absorplion  is  .<o  uncertain  that  their 
use  by  mouth  is  not  advisable  (Hatcher  and  Bailey,  igog).  This  is  re- 
flected in  the  very  diflerent  doses  of  strophanthu*  u*ed  by  various  clin- 
icians. It  is  also  liable  to  produce  diarrhea.  The  main  held  of  the  fitr>>- 
phanthins  is  for  intravenous  injection.  Ouabain  has  tfae  advantage  that 
Its  identity  is  assured. 

^tocynum  (Canadian  Hemp)  is  an  effective  member  of  the  group, 
but  without  serious  advantages. 

Active  Constituents.— These  were  isolated  independently  by  Finnemoce,  1900. 
Moore,  lyoo.     The  principal  ciinhiituent  of  Apnc.  cnnnabinum  h  a  neutral  ctyt 
bitter  principle.  Cynoloiin;  that  of  Apoc.  androsaemifolium  it  Apocynamarin. 
lie  identical  phnrniacalogicaDy  and  perhaps  chemically.    They  are  destroyed  by  bi 
with  atids  or  alkalies.  altliouKh  they  are  not  glucoddal.     They  are  belie\'«d  to  be  1 
tones  of   Kiliiini'5   dijsitoj^cnic   acid,     impcns,  1013,  affirms  that  (he  actist 
(which  he  calls  " Cynarin")  is  the  same  for  liolh  «pecic<,  and  that  apocynamaiin 
probably  a  decomposition  product.     The  chemistry  and  cleavage  product!  of  cyinute) 
arc  described  by  Windaus  and  Hermann,  :91s.     A|iocynin  and  apoeynelo  ofSchii  ' 
bers  were  Impure  mi^ilurcs.     Commerc-ial  apocynln  is  acctovanilUn  (Flnnemore,  1908),^ 
and  is  practically  inactive  (Wood.  11104). 

j(f/iu»i.— ^The?e  agree  with  digiliUis  (Dote  wid  Laidlaw,  l^og,  who  stixKed  ihe  pure 
principles).    The  cnriUac  action,  therapeutic  and  toxic,  of  cymuin  (fros.  Ktuoda,  toi4; 
dectrocatdiograph,  v.  Hcchl,  1Q15)  h  somewhat  weaker  than  that  of  xtraphantUa. 
It  pro<iuces  practically  no  irritation,  but  relnlivcly  strong  vasocoiairic  tor  effect,     Korodn  , 
claims  that  the  cumulation  and  emetic  cflcclt  arc  weak;  but  Taviani.  toi;.  Iind< 
serious  diudv&ntagef  of  uncertain  absurplion.  and  variable  ilrengtli  ci  the  commercial^ 
cymarin».    Large  dos«  are  also  nephritic.     The  drug  could  probably  be  sp&rtd. 

Cymarin  has  been  used  clinically  like  ilrophanthin,  by  vein  or  mutclv,  0.1  lo  ^.f 
mg.:  hypodermic  injection  is  too  irritant.     Il  I»  difficultly  soluble  in  tratcc,  cauljr  ~ 
alcohol.     It  hii  al!o  been  given  by  mouth,  0.3  inj.,  lhrc«-  lo  five  lime*  daily  {■» 
Noorden,  19)61  bibliography).     Onisbi^k,  1915,  on  the  basis  oJ  his  clinical  aodi 
perimental  studies,  cmphaaizca  the  need  of  caution  In  Ita  use 
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ScQla  (Squills).— Hayncs,  1906,  claims  this  to  l>c  a  more  efficient 
cardiac  stimulftnt  llian  digiialis  or  slrophanlhus.  Dixon,  1906,  points 
out  that  any  superiority  is  outweighed  by  its  disadvantages:  uncertain 
absorption;  strong  gastro-intestinal  irritation;  and  greater  vasoconstric- 
tion, especially  conmary.  It  was  (orraerly  used  as  expectorant  and  diU- 
reljc.  The  activity  was  attributed  to  two  amorphous  glucosids,  scillipic- 
rin  and  sdllitoxin;  but  Ewins,  1911,  found  these  to  be  impure  mixtures. 
Kopaczcwski,  1Q14,  claims  to  have  isolated  two  active  principles:  Scillilin, 
the  toxic  constituent,  a  nitrogen-free  glucosid;  and  Sdllidiuretiu,  watcr- 
solublc,  markedly  diuretic;  but  of  low  toxicity. 

Adools  TGSentbiei  »dUit  more  closely  than  digitalis  (Chevalier,  igij).  Rodi  and 
Ciamer.  1914,  &nd  ev«n  lars«  doics  inclTidcnt.  in  ctrdiac  diMOsea.  Tuckdmann,  lor  j, 
claiau  that  "adonidia"  is  a  mixture  of  an  acid  and  neutral  glucosid.  both  pmseiaioK 
digjtalaid  effects,  tbe  axid  being  also  hemolytic. 

Coanlkru  (Root  at  Lily  uf  tlie  Vnllry);  KClive  coosiitucnt,  the  glucosid  convalla- 
m&ria,  ii  coDiider«d  rather  uncertain  (Roch  and  Cramer,  1914). 

Hdleborrin  ii^  r  xluctKiil  from  llie  rhi^torne  nf  Hcllcborus  nigct  {tttlUborr).  Itt 
tfgluUa  action  depend*  on  thepreKnce  o[  aa  acetyl  group  (Sieburg.  iom).  It  ia  not 
AliMVbed  from  the  human  intestinal  tract  and  therefore  piuduces  only  diurrbea  clinically 
(Cushny.  etc,  igu). 

Brylhfophlotiil  is  an  allcaloicl  with  digitalis  action,  obtained  from  "Sassy  Bark" 
(Chcmiiiliy,   Pnwer  and  Salmay,  1911). 

Barium  Salts — (See  Index). — These  hnve  been  used  in  veterinary  medicine,  but  a,n 
too  dingcrous  for  man  {Report,  Counc.  I*barm.  Chem.,  1911}. 

BIO-ASSAY  OF  DIGITALOID  DRUGS 

The  potent  effecLi  of  these  drugs  makes  variations  in  their  activity 
verj-  serious.  Considerable  variations  occur  in  the  crude  drugs,  and  still 
more  in  their  preparations.  It  is  therefore  essential  Uiai  they  be  stand- 
ardized. Since  their  activity  is  not  due  to  a  single  principle,  chemic 
assay  is  out  of  the  question;  and  recourse  must  be  had  to  bio-assays.  It 
has  been  objectetl  to  these  assays  that  they  standardize  the  toxic  and  not 
the  therapeutic  effect.  The  objection  is  not  well  founded,  since  both 
actions  arc  produced  l)v  the  same  substances  and  must  therefore  bear  a 
definite  ratio  to  each  oiKer.  Clinical  experience  has  borne  out  the  great 
practical  value  of  the  bio-assay  {Rownlree  and  Macht.  1916). 

The  U.S. P.  has  adopted  the  frog-methods  as  official,  but  optional. 
Several  methods  are  in  actual  use  (Gottlieb,  1914;  Sanlesson,  1915). 

Falal-dOM  Methods. — These  detetmine  the  faul  dose,  i.e.,  the  smallest  dose  which 
kIU»  a  given  weight  of  animal  in  a  given  time.  The  most  convenient  is  the  tncKc-  or 
twenty 'four-hour  (rag  method  fsuKKesled  by  Cushny,  and  t-taboralcd  by  Kuughlon, 
iSgS;  bang  the  lit^l  c«mmerci:jt  bio-assay  proccisl.  Guinea  pigs  may  also  be  used  for 
determtninit  the  fatal  do^,  but  have  no  serious  advantage.  The  chief  ulijcction  to  the 
lethAl  do»e  mcthoiiit  is  ihac  the  results  arc  not  characteristic  (or  digitalis,  but  mighl  be 
due  lo  any  toxic  constiluenl. 

Ttr  at*T/lf  m.f.d.  (minimum  fal»l  dose)  of  some  of  ibe  drugs  ij  as  [olli>ws  (eiprcsscd 
u  milligianii  of  drug  per  gram  of  frog-wdghl:  the  data  arc  taltcn  from  tloushlon  aud 
othtn): 


Crudt  Drutl  Pttiutrlil  Commiriial  fnpiaalieiu 

StcapbanthlBcryil.  Kombt o.ooi       IliHitnlin  Grrniin .  o.a 

StiopbiLiiUim  uaoiph.  Metck oooou 

Ouabtlo u o.ooofti 


P<V*fil' I.f 

Squill 1.3 

~        "        ■        .  O.oon 
n.it 


HouKhton,  iqoQ  and  iQia;  and  Hamilton,  njggcst  ciprmins  the  atrength  aa  Heart 
Took  Units  <H,  r.U.),  based  on  the  toxicity  of  ctytUUinc  tCnmbf  ilrophanthLn. 

For  guinea  pigB,  the  M.F.D. ot  diRilalis  Is  oofi  10  o.i  Cm.  per  140  Gm.  pig  (Reed). 
Pittenitcr  and  Vandcrkleed,  191s,  propose  the  u»cof  gold-ti»h. 
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The  Frog-standstiU  Methodi. — These  dctcmninc  the  smaltHt  doM  nrhicb  ptoduc** 
Uie  (yplcftl  s)M'<lk  anni  <ii  the  licurl,  Tiicy  nre  iIiub  Uieorctkatly  supcriof  to  the 
i>ul-doM  method;  pmclically,  the  rciul ts  arc  fairly  parnllcL  Various  modificfttioftt  are 
in  U9C.  The  simplest  of  all  the  assty  methods  n  ihc  one-hour  fnx  mtthod  at  Faaiu1e»cr 
and  Lyon. 

The  M.S.D.  (minimum  tyslolic  dose)  is  as  followi  (milligram  per  gram;  Hak  and 
others) : 


DigitaUi o.s-i 

Strophanthtu. .  0.0073 


Digiloxin  ... o.ooS; 

SlrophanthtQ  amorph.,.  0,0011 
Ouabain o.ooo^^o.ooi 


Diicipurnium «.6 

Dipulin  German  .  0.07 
IM^talin  FtcDch  . .  o.ot  J 
Dt^UlelD a. OH 

Hodiflcations. — Gottlieb,  iqoS,  igt^,  allows  only  thirty  to  (otiy-five  minute*  for 
the  systtilic  standstill.  This  was  used  by  Lchnert  and  I..ncb,  IQ14.  Focke,  1906,  UMS 
ti  fi.^ctl  duse,  and  judgn  the  Mrength  by  the  tirav  ri'quiini  to  produce  s}-)lolie  ailW. 
The  method  is  described  by  Fuchncr,  ion.  and  Hein»,  my-  Thv  short  time  doea 
not  suffice  to  secure  complete  nb^oiption  (Schniiedcbcrg).  Objections  have  alM  bccfl 
raised  by  Lutik^jii,  I'joS,  iinil  HuMung,  njii.  ' 

Excised  or  perfused  heute  have  been  used  mainly  in  scieniific  inve»tigatian* 
(Schmicdebtrg,  1010;  llartung,  1911;  Gms,  igi  j;  Sttnub,  Santcsion.  1915). 

Fallacies. — All  frog  methods,  and   to  a  somewhat  unaller  extent  the  ][uin«S'(rig 
method,  arc  open  to  certain  errors,  depending  on  the  inconstant  ftbwtption  and  tacon* 
stant  susceptibility  of  diJIcrcnt  animals  (Vandcrklecd  and  Pittengei,  1913).    These  muft 
be  met  by  u>ingnsull)dcnt  number  of  tc«ii<aiiimaU.    In  addition,  there  arc  coandcrabto  ^ 
seasonal  and  other  variuiions.     Each   lot  o[   Iruip   must   therefore   ht  sianilardiaed 
by  determining  their  susceptibility  to  n  standard  prcpamtien.    This  opem  another  ' 
(allixy.  iiftincly,  that  a  given  change  of  conditions  ntHy  modify  the  suMcf>tibiliiy  in  ft 
dLQervnt  di^>:ree  for  each  drug,  as  has  been  shown  for  the  inllueBCe  of  tempcrxtuiv 
(Baker,  1913  and  igij).      Alcohol  (it  per  cent.)  is  not  diituilring  (or  Iroo  (llaikcD, 
1913),  but  is  protective  for  guinea  pigs.     With  guinea  pigs,  aH<i  **'  aixf  irtight  arc 
unimportant;  but  there  ate  considerable  icidividiial  aii'l  marked  scaMmablr  variatiois,  , 
and  the  food  also  has  an  influence  (Vandcrklecd  and  rittentter.  1915;  Haskell,  iqi}).  \ 
Vanderkleed  and  Pittengcr.  1914.  behevcthal  the  variations  of  guinea  {Hgs  ore  not  gnvt 
cnotiEh  to  iieci'^altatc  control  aoimals. 

Even  with  these  limitalion^.  practical  experience  shows  that  the  iotacl-fiog  ractbodi, 
when  properly  and  critically  performcil,  pcfmit  the  estimation  of  the  rcUtivc  activity 
of  similar  preparations  (such  nsa  series  ol  tinclure»)  with  a  probable  error  not  «K«cding 
»?  per  cent, — a  sufficiently  dose  approximation  for  practical  puipotes.  On  lb*  other 
haiid,  thev  are  unreliable  for  comparing  the  relative  activity  of  dianmilar  drun,  fX, 
glrophanthin  and  digiloxin.  The  (ircfilcr  toxicity  of  ftropnaatbln  coold  be  due.  sft.i 
least  in  part.  Id  more  rapid  absorption— a  factor  which  miithl  be  vety  dtfferent  in  thsj 
human  subject.  This  could  be  excluded  by  uang  the  excised  heart:  e»'en  then,  bo  are  "ret, 
it  would  be  doubtiul  whether  the  same  quantitative  relations  hold  for  the  human  faeati 
as  for  the  frog's. 

The  intravenous  cat  method  of  Hatcher  avoids  most  of  these  objections  (E^glcsUM^  1 
1913).     DiUerenccs  in  absoiption  are  deluded  by  the  method  of  admiiuitrauon;  tb« ' 
action  is  purely  cardiac,  and  thus  measures  the  charactcrittic  digital it^ect,  •rUch  is 
not  easily  simu'taled  by  other  tuxic  principles; and  the  cat  heart  tnuri  NMCnbIc  ibe biiiiwa 
in  its  reactions  much  more  (lo~cly  than  that  of  the  cold-blooded  ammah.    Indeed, 
experience  initicairs  that  lis  resemblance  is  closer  than  tbftt  of  other  fTnnw'*      En 
UDrclatoddiKitatoid  principles  may  therefore  be  compared.     Another  advantace  is.  that ' 
theresponscof  individual  cats  is  remarkably  uniform,  so  that  the  probable  error  b  much 
smaller,  and  the  standatdi/alion  of  the  individual  cats  is  usually  not  Dtvessary. 

The  method  is  sufficiently  simple:  it  merely  determines  the  fatal  KR.-do^;  the  sotti» , 
tion  being  injected  into  the  femoral  vein  at  such  speed  thai  death  occurs  in  about  01 
and  one-half  hours.  This  quantity,  expressed  asmiUigram  of  drug  pctkilagTam  oJa^j 
constitutes  a.  "tat'Unit"  (Hiitcher  mid  Brody,  igioj.  The  intravenous  lbenp««dej 
dOM  lor  man  is  about  scat-units;  the  daily  dose  by  moutb  averages  about  eocat-nnita. 

With  the  slower  acting  digitalis  prcparalioni,  the  death-point  can  be  bastcncd  by 
uring  the  rapidly  acting  ouabain  to  complete  (he  reaction;  about  7j  percent,  of  thelatM 
doseof  Jhe  diicilatoid  are  injected  in  fifteen  minutes,  and  after  an  interval  of  ten  mitiule 
the  reaction  is  completed  with  1:10,000  of  ouabain  (Hatcher  and  Brody.  iqio).     Thift' 
expedient  had  al«o  been  very  useful  iu  aiicertainine  the  abwrption  and  persistence  tt 
digilaluids. 

The  cat-raelhoi!  is  probably  the  beat  (or  the  inies ligation  of  fundamcBtal  cllncal  > 
problems;  but  it  is  not  neceuary  for  the  commercial  (lanilardiiation.     The  results  aC| 
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rBckler,  191 1,  enjoin  cautioD  agiiiut  its  use  without  spcdal  experience.    The  followins 
UbleRivcaihccaiualta(aiEnignmperknograni)Iora  number  oidtugtOIaichci,  ii)ii): 


Crmit  Pntl 


PitntlpUt 


Commtrrial  Pttpatatiotu 


Squill IT  I  Adoniftin, ,.....,.. 4  If  Dlgiulia  GnnuD j.4 

,  Buonyinii* 47]   DikiuIcid . j.5 

Hfllibani* loa  Caimlkiutrin i.j 

,  DIcltklil loo   Kpl1(t>orFin 1.7 

,  Apocrnum..... ;a  DIalulia  true 1. 5 

I  Coiii«IUm..,., so  Scilliloiin ■  tt.4 

wrofOiuita*  KomM....  i-a  Pwioua a-rv.S 

Kbpidni l-s  Stroiiiianlbin  amolpli...  ».  Ij-*.IT 

OaaDKin. ■..■-■■-■■  ..^  -  ^".  o.t 

Atutnpts  to  uiiliic  the  b1o<x{  pressure  &nd  pulse  leftcllons  have  been  uiuucccMfuI, 
since  Iboe  are  too  variable. 

PRHPARATIONS — ^DIGITAUS  GROUP 

■  Digitalit  (DiRit.).  U.S.P.;  Digitalis  Folia  (Digit.  Fol.),  B.P.;  DiKitalii  {Foi  Glove 
Leave*]. — The  dried  IcBVcs  of  Digitalis  purpurea.  The  B.P.  specifics  that  they  muni 
bv  ooll«t*d  when  the  plant  is  beginning  to  flower,  Dase,  o.at<  Goi.,  1  gr.,  U.S.P.; 
•■OiWo.n  Gm.,  J-i  tti  i«,i.,  B.P.;as  pills.     Masimum  dosr.o.i  Gid_,  3Kr.' 

The  activity  of  different  samples  of  digitalis  varies  con^derably,  so  that  th«'  should 
be  standardised  by  bio-assay.  This  applies  also  to  the  Tincture.  K  preserved  rraMin- 
ably  dry.  IIm  leaves  keep  indefinitely.  The  leaves  <A  the  first-year  plants  are  as  good 
at  the  second  (Sharp  and  Lankastcr;  Caesar  and  Lorctx,  1910).  Plants  cultivated 
in  Amcrirai  (NewcomD,  ii)t  j)  arc  as  Rood  aa  th«  wild  European  (Hale,  1910;  Miller  and 
Baker,  iqij;  Kowntrec  and  Macht,  1916}.  ThoM  gruwn  during  a  wet  season  are  Icsa 
active  (Caeur  and  l.orcti,  190J). 

'  Infmum  Diiilaiit  (M.  Di^l.)>  It-S.P.;  Intuf^ion  of  Digitalis. —  i.s  per  cent.i 
flavomirlthdiuumua  (U.S. P.  VTil  also  cuntaintrd  alcohol).  Must  be  Irtshly  prepared 
Irani  the  leaves.    Doxf,  4  c.c,  1  dram,  U.S.P. 

'Imf.  Ditilalii,  B.P. — 0.7  per  cent.;  nolc  that  this  in  only  half  the  strength  of  the 
U.S.P.    Doit,  7  to  If  C.C.,  1  to  4  drains.  B.P. 

fUrxl.  Di^ii..  U.S.P. — Made  with  50  per  cent,  alcohoL  Dose,  o.oj  cc,  i  numm, 
U.S,P.     A  ralhrr  variable  preparation. 

'TiiKlara  DiaiUilii  (Tr.  Di^il,),  U.S.P.,  B.P. — 10  per  cent,  of  dnm  In  70  percent. 
akohoL  Miscihlr  with  alcohol  or  water  (with  slight  turbidity  due  to  the  fat;  certain 
proprietary'  llncturct  deprived  of  fat  do  not  became  1 11  rbid.  but  have  no  other  advantage). 
Ine^mfiilikr  with  acids  or  tannin.  Dait,  0,5  c.t,.  S  minims,  U.S.P.;  0.3  to  1  c.c,  5  to 
15  isinimB,  U,P.  Marimum  dose,  >  c.c,  30  minims.  Unstandardiied  tinctures  i^ener* 
■Uy  vmn' in  activity- by  lOO  to  400  per  cent.  (Fiacnkel;  Ektmunda,  etc.). 

Dif^i*  Priitcipi4s  and  ProprUiiiry  PrrparMhm. — These  were  discuBBed  on  paffes 
383:  408. 

Stroplianlhm,  U.S.P.;  SUtphatUh.  Srm.,  B.P.— The  dried  ripe  seeds  of  Strophanthu* 
Kombj  (alu>  of  Strophanthus  hispidus,  tl-S.P.);  obtained  from  central  and  wcttern 
Africa.     Datr,  o.oti  Gm,.  i  gi,,  U.S.P. 

£1*.  StTopkanth.,  B.P.— A  powdered  eitrnct,  tcprescnling  jo  per  cent,  of  drug. 
Dost,  16  to  60  mg..  .'-4  to  r  gr.,  B.P. 

•  Titututj  Sttophanthi,  L  ,S.P.,  B.P.— 10  ptt  cent.  (This  is  the  same  streogthas  the 
U.S.P.  Vm,  but  four  times  as  strong  as  the  old  B.P.)  Dose,  0.5  cc.  8  minims.  U.S.P.; 
Okii  to  0.5  ex.,  itoR  minims.  B.P.  Maximum  dose,  0.5  c.c, 8 minims.  However,  the 
■bsorplion  is  so  uncertain  that  no  reliablr  do»f  can  be  stated.  Unslandardizcd  tinc- 
ture* arc  about  as  variable  as  digilatif. 

' Sinphanikinam  (Strophanihin.j.  U.S.P.;  (.\morphou»)  Strophanthin.^.\  glucosid 
or  nuxture  of  gliicosids  from  Sirophanthut      White  or  ycUowi^  powder.     Vet}'  sol. 
'  in  water  or  diluted  ale  -.  nearly  iiuot,  in  lipoid  solvents.     Hasf.  1  mg,,  ^o  gr.,  by  mouth; 
iatnveauus  (or  muKutar).  0.7J  mg.,  t^Q  gr..  U.S.P.    Maximum  dose,  1  rag..  \i}  bt. 

OiMiain.~«-Strc]phanlhin-Crystalhne:  soL  in  water  (to  1  per  cent.),  more  sol.  in 
.hot;  sol.  b  ale.;  clih'icuhly  in  lipoid  aolvcntk    Dost,  one-half  that  of  the  official 
'  SltcipfaanUiin. 
1        Aflb,  U.S.P..  B.r.;  Squill.— The  dried  Qeshy  scales  of  the  bulb  of  Urginen  maritima 

gri^nea  Scilla,  B.P.).    Dm',  o.i  Gm.,  1 H  gr.,  U.S.P.;  o.oo  loo.j  Cm,,  1  to  j  gr    B.P. 
uimum  dooc,  0.5  Gm-.  S  gr. 
Aceitim  ScBla  (.Acct.  Scill).  U.S.P.;  Vinegar  of  Squill. — 10  per  c«nt.,  in  Acid.  Acet. 
DiL    Dote.  I  c.c,  ij  minims,  U.S.P. 

'UD4*r  p<op*r  prwcaulioiUH  tha  "Rtscimum  doHa"Df  th«  dru^t  of  thJA  group  e«Bb«t«Rtponrilr 
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Atd.  SciJl.,  B.P.—3»  pet  cent,  (iwiec  the^trcngth  o(  tbcold  B.r.).  tinco^Mtcx.. 
S  to  ts  ratntmi,  B.P. 

FUttt.  SciU.,  U.S.P.— XJb«,  O.I  C.C.,  tii  mintnu,  U.S.P.  ThUfnnnedraMiiBCil 
Mdic  acid,  but  Houghi»n,  1906,  tiiowcd  that  the  adit  dimlobhcd  ibe  Kiivtty 
by  half.    For  tlic  samo  rtawn.  [he  VlncKin  of  Squill  Are  unscientific. 

Oxvmtl  Still.,  B.P.— ^pcr  cent.  o(  Acel.  ScUt.    Oite,!  t0  4c.c..  .U  to  t  dnn.lLP- 

Pit.  tpecat.  c.  5ciVJ.,  B.P.— Contains  about  j  percent.  o(OpUiinuFulv.1pKK.Ca>3 
Squill  and  Ammoninc.    Doit,  0.1%  to  o.j  Gm.,  4  to  S  gr,  B.P. 

FU.  SdU.Co.,  B.P. — jsperccnt.  of  Squill,  with  Ciiigcr,.\muoauc  and  Soap.  iliP** 
o.Js  10  o,(  Gm.,  4  to  8  gr.,  B.P. 

•Svr.  Stiil..  U.S.P.,  B.P.— Prepared  fniDi.\cet.ScilL.repr«Miitiwab>nitspcf<ra<- 
«( Squill.     Das*.  3  c.c,  JO  minimi,  U.S.P.;  .■  tn  4  c.c,  ^  to  i  dram,  B.P. 

Syr.  SiHl.  Co.,  U.S.P.  (Coxc's  Hive  Sym|i).— An  aiitiquattd  coujth  mixture;  tbe 
avt'cit  dose.  3  cc,  lo  minims,  U.S.P.,  representing  0.16  Gm.  (tyi  p.)«iof 
Squill  and  Scnccn.  aniT  4  nig.  (}^s  ».)  of  Tartar  Emetic. 

•  Tt.  S<ill.,  U.S,P.— 10  per  cent. In  7j  jxr  cent.  ale.  Dost,  i  c-c,  ij  mlaiuu,  D5.P. 
Jfifiimunt  rfi»M,  3  C.C.I  JO  mininu. 

'Tr.  SciJI.,  B.P. — }o  per  cent.    Dost,  0.3  to  1  C.c,  5  to  15  mininu,  B.P. 

Ut(i»M  (Uri^n.).  B.P.:  {Indian  Squill).— The  drietf  >'mii«  buIlH  of  Urglaea  inUs- 
The  preparations  correspond  in  title,  strcnKCh  and  dose  to  the  B.P.  prepantkcn  of 

Squill. 

Apocynam  (Canadian  Hemp). — Tbe  dried  rhlxomc  sad  raota  oJ  ApocjrDuat  lau*  ' . 
biuro. 

FUexf.  Apotyn. — .IrrtdEfrfwc,  0.7s  c.c,  11  minim*, 

CenvaUari'):  l.ily  ii(  the  Valley. — The  root  of  Convailaria  majalla. 

Eiumymi  Cortex,  B.P.;  (Wahoo). — I'hc  dried  root-hark  o(  Euonymua  aUopiupulM* 
Coatnins   an    amorphous   bItCci    principle.     Used    miunly   as   cathartic,   *'~"*'  >^ 
podophyllum.     Doif,  0,5  Gm..  8  gr.  ^^ 

Exi.  Euonyn.,  B.P. — A  powdered  extract.    Dost,  0.06  to  a.i>  Cm,,  t  lo  »  ff.  B.^- 


CACTOS 

G«neral  Statement — Preparations  from  Cactus  (Cereus)  gnoii- 
flonis  have  been  used  as  substitutes  for  disilalis,  particularly  in  functioiuil 
cardiac  neuroses.  Proprietary  preparations  )iavc  been  widely  advertoM*- 
Experiments  on  animals  and  men  have  shown  that  these  are  dcvoM  o' 
di^lalis  and  Rtrychnin  actions  and  are  indeed  absolutely  Inert.  Tbc 
clinical  Icslimony  is  not  conclusive.  Careful  obser%'ers  have  faiW  W 
find  any  clinical  effects;  those  who  describe  positive  results  have  |Mrt>*P' 
undervalued  the  element  of  suggestion  in  the  treatment  of  functioow 
neuroses  (Report,  Coun.  Pharm.  Chcm.,  19:0;  J.A.M.A.,  54:886}. 

Uncertain  Origin.— Some  of  the  diKordnnt  iiaiementik  are  probably  dtie  t«(c«(»*J 
with  other  cacd,  *omc  of  which  contain  alkaloidti  with  mariLcd  naicotic,  tetsal^*'' 
pouibly  some  cardiac  actioat.     N'o  alkaloid  or  other  dc6nllc  pri&dpk  bat  bca  (fflwV 

isolateiit  fiam  ihc  iCiuldidurus,  ^ 

Experimental  Remits. — The  drug  was  introduced  in  1664  by  Rubuii,  a  bouAiapj'J' 
ph)«iciaft.  Koinet  am\  TtiMict,  1891,  dCKribed  a  veak  dlralalis  action  so  ^^[! 
heart,  produced  by  un  atkatoid,  which  they  considered  detivod  from  Cactus  iiuilw'* 
Th^  were  cvidcntl)-  working  with  mme  other  substance.  No  serioui  attcapCt  v**^ 
made  to  check  tltc  extreme  claims  for  the  cactus  prepuationK,  until  Hatcbtt,  i?^' 
Uatlhewk  t9oS;Lyon,  igto:  and  Hatcher  and  Bailey,  191 1.  showed  tliaic«nei»;*"* 
do*et  of  the  beat-known  preponttion*  are  practically  inert — entirely  so  '"'■'^^^Jl 
nouih— In  animals  and  in  maa,  in  health  andJadiiCBM.  Grocber,  ipit, ■fiaiaw'* 
the  mwiaix  of  u  ijlucoud  with  digitaloid  action,  but  so  weak  that  It  wouM  be  ''■^'C 
ticuly  inactive',  l(e  docs  not  &tate  whether  hia  drug  was  propcri}'  identiSld.  1* 
precaution  was  tnkcn  by  Hatcher  and  Bailey.  Gordon  Sharp,  tflu,  alw  ^""^z^ 
clinical  results  ncMtive  when  the  genuine  drag  was  lued.  ThciavorabkcttnltilH'''*' 
ture  [summarized  by  Ilnichcr  and  Bailey,  iQtt)  does  not  bear  xtringent  crilicJiiJ^ 

Other  Cactus  Varieties.— .Alkaloids  have  been  isolated  from  a  misibti  e'^ 
(Hefllcr,  ii^^N):  mrtcklin,  anhalonidjn.  pdlolin.  pectenin.  pUocereiti,  etc.  V'C'''^ 
i^oj.  inveiilKatod  tlicii  action  on  tbc  heart,  and  found  that  they  produce  dewnCi'^ 
without  incrcue  of  pul»c  volume  (in  contrast  to  dlsitolii). 
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MESCAL 

imporUnt  part  in  the  (^rcmoiuBl  of  Indian  trtbc*.  Ii  Is  ■  preptrailon 
ADbftlaniUBt  Lcwlnii,  in  wliicli  Lnin,  1M6,  dcmonsirated  priocipln  with 
I  suycfccta  actiuni.  It  cooUitiK  foui  aUcaloiiU  which  agree  (lu.illia lively 
■U,  The  Inttcr  arc  qutic  numerous:  a  llowlnit  of  Ifac  hnirt.  u  curare  a<^uli 
Bnudu.  a  ipctiGc  dcpretMon  of  tbc  r«*;unitaiy  center,  and  a  ttimulntioD 
b  of  tJie  central  nctvoiu  s)-»iein.  The  sUmuJatlon  is  ihowo  mainly  in  «r- 
mMs,  moat  conspicuously  in  vinon,  tlw  efiect  appeatins  as  a  lou  of  oodrdi- 
^roduco  hallucination  ol  nil  the  *pedal  ccnacA,  but  poiticiilnrly  of  »g,in, 
nhcs  and  linn  of  cvtr-chan^ting  colon.  Since  ttiey  arc  tlic  umo  in  tiotii 
pM  be  central  (DiioD,  1899).  A  ptycbologic  «tudy  of  mc«caUn  halludnBtioiu 
deb)-  Kniuer  aod  Maloney,  191  j.  Waeber.  igii,  (ailed  tofind thedcacribed 
idilory  efiect*  and  double  pcrioiniilitv,but  obtctvcd  other  psychic  and  phyncal 
•  Brtflrr,  190s,  raperimcniod  iriln  hi  action  on  mentany  affected  patients. 
I  of  the  alkaloida,  haa  been  lavealigated  by  rinnwi^,  1907.  Meical  It 
irapeutically. 
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CAMPHOR 


il  Statemeat—Camphor,  CifHi«0,  is  a  solid  derivative  of 
li«Hi«,  allied  lo  the  volatile  oils.  It  is  prepared  by  the  dis- 
the  wood  of  ihe  camphor- trw.  This  natural  camphor  polarizes 
11.  .\  synthetic  camphor  lias  been  prepared,  which  is  raccniic. 
iry  camphor  is  aUo  known.  The  three  Isomers  agree  qitaliia- 
thcir  aclions.  The  I-form  is  somewhat  more  active  on  the 
ystcm.  Therapeutically,  they  seem  to  be  equivalent;  but 
itural  is  used. 

or  is  a  mild  irritant  and  antiseptic,  often  employed  as  a  counter- 
the  form  of  camphor  liniment  or  spirits.  It  is  also  used  as  3 
against  moths.  Systcmically,  the  effects  are  \Tr>'  inconstant, 
hap*  lo  it.s  uncerlain  a)>.sitn><i<'"  S"<1  rapid  destnirlion.  It 
tamusculariy  to  stimulate  Ihc  circulation  in  collapse  conditions, 
'  with  ^ood  results;  the  mechanism  has  not  Iteen  i^tisfaclorily 
Toxic  duM^s  produce  convu]:»ons.     In  frogs  it  exerts  u  curare 

ctions. — Externally  camphor  acts  similarty  lo  the  volatile  oils, 
f  rubefaciion,  with  little  sensor>-  irritation  and  mild  analgesia, 
~  in  neuralgia,  inflammations,  etc. 

at  actioaof  small  dusei  of  camphor  on  Ike  difttim  mimI bated afdiittf 
argc  doaea  produce  nmtiJinf . 
t  haa  a  lUsht  aatb^pUc  action  irhich  determines  lis  um  b  mouth  oMkti  and 
I  been  empluynl  a»  intMlinal  intiaeptic  (o^  Gm.  tlirec  times  <lail}-). 
ajectiona  o(  uoiphoratod  ml  have  been  tried  in  difluaed  ptritaniiii 
Bud,  1^1 1;  100  lojooc.c.  ar««aid  lo  be  absolutely  harmless).  Selbrrt, 
pbot  (t)  cc.  of  >o  per  dent,  ojly  Milutian,  hypodermicoJIy,  cver^  twelve 
HKMMifii,  cUinilnic  Ihat  It  reduces  loxcmb  mid  prevents  tbc  ctiiiU.  Thia 
Xpcrimenlal.  Leo,  lyi^.  prelen  iHltartHoHt  injection  (lalurated  solulion 
a),  but  \Vetntraud,  tgij,  lindi  tbe  icsulu  no  belter  thjn  with  hypodermic 
>n. 

cdy  to  froi:'!!  akeletal  muscle,  it  produces  a  cmr«rt4ihe  vctUn.    This  ia 
soaob.    Other  ompbon  derived  ironi  vuioua  volatile  oils  also  produce 
it,  190*). 

Fate  and  Excretion. — Camphor  is  quite  readily  absorbed 

cous  membranes  and  subcutaneous  tissue.     Hatcher  and 

1914,   find  the  absorption  more  rapid  from  oral  than  from 

Jar  administration.     It   a  rapidly  oxidised   lo  camphcrol, 
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CioHiiOOH;  ;ui<i  ihi*  excrclcd  in  combinulion  with  gl)'coronic  add, 
CiuHibO-OCeHiiOs-  (Schmicdcbcrg  and  Meyer,  1879).  This  destroys 
the  activity  of  the  cam])l)ur;  and  uccordiiigly,  Hnppich,  itju,  claims 
that  the  toxicity  is  higher  when  glycosuric  acid  formauon  is  disturbed 
through  starvation  or  deprivation  of  oxygen.  Similarly,  be  stales  that 
intraartL-rial  injections  are  more  than  twite  as  toxic  as  intruvcnousL. 

Experimental  EfEects  on  CircuIat!oa.~Thcse  are  espedaliy  complex 
and  inconstant  so  that  different  investigators  have  outoined  v-arj'ing 
results. 

According  to  Lkbmann,  191 2.  tli(^  mnsl  ftrquent  fmuU  of  moUcnte  dOMS  a  >  PC" 
riphcral  dilaior  efleci.  first  on  the  pulmonary,  then  on  ihc  s>-itcnuc  blood  vtwtli .  The 
blood  prf^ure  Ihcreftiic  gcncraUy  inilt;  but  thii«  in.iy  htr  [ircccddl  by  brief  rraUml 
vasocoDElriclion.  Large  doses  otcuiioiuilly  pnxlaec  prcioilic  v«ri>lkiiu  in  the  blood 
pressure,  ihrDuah  the  viiwmator  center.  Large  riicsof  blood  nrctturc  may  occur  daring 
convulsions.  If  the  cardjue  musclv  U  dcpreued  or  &brStl&tlnx,  It  may  »onictimc»  be 
levivcl  by  camplior,  but  llie  response  uuncertain.  Ueudwid  Brooks.  1913. obtained 
generally  neiiutivc  results.  The  experimental  evidence  therefore  give*  no  expjuiatiaii  of 
the  claimed  Iherapculic  tc^ulu. 

Fmg's  Hrtirl, — The  etTeits  o(  applyinR  camphor  tolutions  were  studied  by  Hcuboer, 
1870;  and  Ouhm,  1870:  those  of  ncrfution  by  Plant,  1914  (bibliogtnpby).  They  are 
slight  >nd  inconstant  with  normal  ricatis,  but  camphor  restores  the  bcn  ol  fras  be»n» 
Arrested  by  muBCarin  (tlarniick  and  Wiikowslci.  1876)  or  bv  cUoral  (Bodun,  1905). 
The  restoration  U  only  transient  (Plant,  1911).  It  ia  produced  by  the  wiou  connilKir 
derivatives  on  liirlUs  (Lippens,  191 1);  campnoric  aria  belnn  mmdc what  B)ore  siimultsi. 
With  vmlric-uUr  strips  of  turtle  hearts,  Plant  observed  tilif;ht  quicken in)c.  not 
modified  by  chloral.  The  ultimate  eSects  of  itrong  solution*  of  camphor  ore  deprettaat, 
weakening  and  slowing  Ihe  beats. 
'  A/ummofr.in  ileatt. — No  delinilc  e&ects  have  been  demonstrated  in  normal  beartt. 
in  situ  or  isolated.  Winlctberg,  1003;  Klempcrer,  1907;  Plont.  1914;  and  Ricbudt, 
1914,  obtained  puicty  neealive  results.  Seligman,  1905,  sometima  obner^-cd  Ktrcnxih- 
ening,  but  by  no  meann  aiways.  He  claimed,  however,  that  camphor  tcodt  loureiest 
or  recover  fibrillation;  and  Gottlieb.  1905  and  looC,  found  that  tbe  heart  aj  intact 
animaU  ii  alto  tendered  mote  resistant  to  fibrulation.  TU»  was  coalradcicd  fay 
Wintetbng.  Richard)  found  no  defmite  eSect  of  tampbor  oQ  tbe  isolated  heart  in 
fibrillation  or  asphyxia;  nor  Plant,  after  chloral  or  pho«phorus.  Heard,  I9ts>  worthed 
with  the  heart  in  lilu,  but  louluteii  from  its  nerves,  and  the  prtMUK  kept  consia&l  by 
a  compensator;  camphoi  had  no  fITfci.  iMtik..  191^,  cUim*  A  rise  of  blood  prcsmm 
from  inlravenoui  Injection  of  camphor,  in  animak  with  their  hearts  weakened  by  plu^ 
phorus,  but  no  effe<  t  after  rliloral.  DurlnR  complete  heatt'blodt,  in  doc*,  van  ^emoiid, 
J9I.1.  could  prnerally  observe  no  effect  from  camphor.  The  corona^  Uood  flow  in- 
creucs  if  the  pressure  rises  (F.  Mevcr,  1911).  The  catenary  vaith  (aa  also  the  ear- 
vessels)  of  rabbits  aie  abo  dilated  directly  by  perfusion  with  camphor  (1 :  i,.$oo  U 
Siooo);  still  more  bv  borncol  and  menthol.  With  a  tenth  of  these  concentmtMKU,  the 
dilation  is  preccdeif  by  conslriciion  (Likhatchcva,  loiti). 

Blood  Pressure  and  VascuUr  System.—  The  r«rllcr  lovesiisatora  (PeUacaal, : 
Ale»an[ltT-Ltwin,  iSgo;  Paesalef,  1890)  ^L'ncrally  described  a  ri»e  of  blood  prasure  I 
vasomotor  stimulation.  Wiedemann,  1X7;,  and  Stockman,  1SS8,  ohsetied  rhythioK 
risooi  blood  presiiure.  attributable  to  heightened  tcHei  irritability.  Stimulaiioo  of  tbe 
vasomotor  center,  however,  dues  nut  occur  with  therapeutic  dotes,  but  only  as  tbe  eon- 
vulsant  effects  nte  approached;  and  cspedolly  during  the  convulsion.^  proper  (Pilcher 
and  SoUmann,  1915),  Often  the  liloiid  niet^iirc  ii  not  changed  by  moderate  daws. 
The  nioil  Frequent  result,  accordini;  to  WintcrberK.  19O},  and  LIcbmaBB,  191*.  fraiiiili 
in  persistent  fall  of  blood  prc^uci^.  occasionally  preceded  bv  a  di^ht  and  snort  i 
The  rise  is  attributed  to  central  vasnmolnr  stimulation;  but  tncfall  is  produced  *~ 
rinhetal  action  on  the  vessels.  Heard  and  Brooks  lOM-obtslnedqultcMtadvci 
Llebmann  finds  that  the  pulmoaat^  vessels  dilate  before  the  systemic.  The  ' 
vasodilation  results  in  lowering  the  pressure  in  the  right  heart.  Fre>',  1909,  fou 
effect  on  pulmonary  licmurrbage,     Tlie  cerebral  v««icl»  are  alM>dilated  (Bcrcain,  191I 

Clinical  EGfects  on  Circulation.— Camphor  is  used  clinically  u  a 
temporary  cardiac  stimulant.  Opinions  arc  divided  as  to  its  usefulness. 
The  effects,  if  they  occur,  are  inconstant  and  unreliable.  However,  its 
employment  is  harmless. 
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Id  normal  indivjdukli  ftnd  tn  cardtovascukt  disease,  eamphor  (evm  up  to  j  Gm. 
hypodccmically — Heard  ajid  Brootu,  1913)  doct  not  ollet  the  btowl  preMUte.  or  (he  nile 
or  quality  of  the  pulic.  In  nolUipu;  conditioiu,  espccislly  in  frbrilc  loxrmiiu,  most 
cliiuciuii)  lielieve  thai  hypodermic  iiijcctioM  Improve  the  volume,  lcn^iuu  nnii  regularity 
of  the  pub*  lc(npor»ri!y.  tJ.  Schwartz,  nio6.  gcnfinlly  found  ■  liw  of  bloorf  pre**ute 
of  10  to  10  mm.,  too  flitthl  to  eipluiii  the  improvenii.-nt.  tt  is  pombie  but  nut  tertuiiv 
that  the  weakened  human  heart  responds  better  to  camphor  than  eiperimenlc  on  nnimolt 
■could  indicnic  It  n  also  conceivable  thai  the  sliniolation  is  reQex.  sint-e  iht  iiijeclions 
produce  coa»idcrab1c  local  reaction  (Heard  aciii  Brooks).  The  regulating  infiuenir  OQ 
delirium  cordis  might  be  bcneGdal  in  auricular  fibriUBtion.  but  the  action  would  probably 
be  loo  brief. 

AdministratioiL— The  camphor  is  «mploye(i  intramtiitrtilarly,  dis- 
solved in  sterile  olive  oil,  i  lo  2  c.c.  of  the  10  per  cent,  solution  being 
repeated  in  ten- to  fifteen-minute  intervals  as  needed.  In  babies  of  one 
year,  \.  Jacobi  ad\'ises  J^o  to  J^  grain  every  two  hours.  Intravenous 
injection  (350  to  350 c.c,  of  0.1  per  cent,  in  saline)  is  safe,  but  less  effective 
(Wcintraud,  1913). 

Other  Uses.— Camphor  Spirit  isa  houiiehold  remedy  in  colds,  bronchitis, 
etc.  It  is  probably  somewhat  expectorant,  diaphoretic  and  antipyretic 
(Binz,  1875  and  1877).  The  skin  vessels  are  dilated.  It  was  also  advi.'«ed 
in  luhfrctilosis,  but  has  not  found  much  support.  Camphor  has  also  been 
used  as  a  nervous  depressant  in  hysteria,  epilepsy,  chorea,  and  con* 
vulsions,  and  as  an  anaphrodisiac.     This  rests  on  no  rational  basis. 

Resfintion. — The  eSccts  of  non-coovulsftni  doM4  arc  very  iJlabt  and  IncoosE&nt, 
practk»lly  negative. 

Ednll  and  Means.  iqi4,  and  Higgins  and  Menns,  191s,  studied  the  eflecl.ion  man, 
usiSRo^  to  0.5  Gm.  hypodcrmicitlly.  They  found  the  center  sometime^  Uighlly  Klimu- 
lated  by  bronchodilution  and  slight  increase  uf  carbon  metabolism.  The  rate  was 
ofttn  ^lovred:  the  voluinc.  single  or  minute,  wni^  imchanged. 

In  animals,  the  iesj)iration  is  somewhat  slowed  but  deepened,  so  that  the  minute 
i-olume  it  ioereajed.  Wielnnd,  1915.  claims  lowering  of  the  threshold  (orCOi.  Isaac 
(oaad  it  especially  effective  alter  cnorphin. 

TOXIC  EFFECTS 

These  are  similar  in  man  and  animals,  consisting  in  stimulation  and 
then  depression  and  paralvsis  of  the  central  nervous  system. 

The  treatment  would  consist  in  evacuation  and  stimulation.  Alcohol 
and  oils  should  be  avoided  since  they  favor  absorption, 

Sjniiitcniia  in  Uui. — These  consist  in  imusta,  vomiting,  coUc,  verti^,  disturbed 
visktB,  llmincM,  titiltment,  imfuliivt  mmeiifnti,  delirium,  tust  of  tarutinusneii,  face 
fluibcd.  then  pale;  fpiUplifotm  cansulsiiini  are  a  conslani  feature  in  animals,  and  some- 
tine*  occur  m  man  (oiler  1.;  Cwia.;  AuatrogcsiUo,  1Q15);  often  anuria  (illustrative 
Nportt,  Staiilcr,  19OJI  F.  Barker,  iqio;  Koppanx,  iQii).  Dralh  h  rare  in  man,  occur- 
ring by  aspihyzia  and  collsp°«,  CWi>(i(eicrn(«  may  last  se>*eral  days  01  wi^cks;  thcgaiiric 
I  diMiutwiicc  it  especially  penistent- 

CoaniWona.— In  mammals,  ihcsr  arc  located  mainly  in  the  licmitiphcrrs)  for  remoiiil 
ot  (be  hemispheres  with  section  below  the  optic  Ibakml  diminishes  (Albertoni,  1881) 
ot  aboUidics  (Morita.  roi;)  the  convulsions. 

The  Spioal  cord  also  show*  wme  ilimulation,  and  finally  paralydt,  but  this  don 
•M  come  OD  until  lale.  nntl  is  not  important  in  maminiilg. 

In  frvgt,  on  the  other  hand,  the  action  on  the  spinal  cord  is  ifry  pr^inotiTwd,  and 
anuitU  ia  a  paraiyiis.  Thi^  entirely  obscures  any  action  which  the  druK  may  liavc 
Idchct  up  in  the  nervous  system  in  these  atilmals.  It  .ippenrs  that  the  path  for  reflex 
impulses  is  blocked  before  that  for  impulses  coming  from  ttie  hit(h<i  brain  rWtcdemnnn, 
i$77;  Bini.  1S73).     The  symptoms  are  described  by  Grove,  iQio, 

Toxic  Dose. — TTiis  varies  grrativ;  07  to  1  Gni.  fiasbecn  fatal  to  children  and  toric 
toadulls;  3  Gm,  generally  praluceJ  dangerous  eflccts;  but  ij  Gm.  have  been  survived 
(lLaapaiig);uid  in  an  infant  of  eighteen  months,  i  Gm.  produced  little  if  Miy  symptom* 
(Mifcf,  1914). 
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Solveat  and  Place  of  Administration  on  To^dty.—C&irb,  iot4>  und  Cunoi  ud ' 
Cairih.  HH4.  hav't  sludii-d  lhi-?coii  Kuincn  pigi,  Withoial  adnumsuadOO. Uic  toiidty 
c(  camphot  h  gccatly  decreased  by  nil,  Hypixlcrinir^illy,  oily  ulutioiu  krr  alw  IcM 
toxic  Ihan  aii'oholic,  cTltcrcal  or  even  iralcrv  !:o1utii>nx.  Intrapeiitoaul  hit  toon 
toxic  llian  h)-podcrmic  injections.  Oral  adnunUt ration  i*  more  c&Ktive  than  inti^ 
muscular  (Halcher  aod  Egglcston,  I9i4)> 

CAMPHOR  ISOUERS 

The  synthesis  of  artificial  camphor  k  dcttccibcd  by  Kcbler,  190^1  HouMinao,  iQiJ. 
Lancganrd,  and  Manss,  190;,  stiowed  thai  ihcacliontiof  tbe  l&rw  iMmcrsuc  quauu- 
tivci}-  identical.  Grnwitx,  1907.  cUimed  tlial  [lit-  therapeutic  effects,  toternxl  and 
(ilern«l.  are  itidislinguiBhablt;.  llaemiclneinen,  igoii,  Males  that  the  lc^ticol&r>'  i»  k» 
effective  on  llie  heart;  but  Us  cenlriJattiuns  art  mote  powerful  (Grove.  1910).  Ileffter, 
11)14.  concluded  that  artificial  camphor  U  probably  more  toxic  and  often  contains  iis- 
puHtie;-.  that  it  cuuld  be  enbsliluli-d  eilcmally,  but  more  experience  would  be  needed 
lu  juEitify  its  intctTial  use.  The  war  has  furniiheil  the  occaaon  fo*  thi*  experience;  auA 
Luetz,  i<;is,  conclu<h\h  thai  its  hspodcrmxc  u^e.  cUmcolly,  hat^vcn  no  badefleeu. 

Boroeof  (Bomeo-Csmpboi,  CinUitO}.  U  u»ed  in  the  orltai.  It  sett  amQuly  ta 
camphor. 

CAUPHORIC  ACID 

This  was  introduced  by  Fuerbingcr,  1888,  as  aahydrottc  against  the 
night-sweaLs  of  phthisis.  It  aroused  some  enihuftiasm  at  first  (literature, 
Fujitani,  1906);  but  experimental  investigations  have  given  entirety  nega- 
tive results  (Dreesmann,  1889;  Fujitani;  Tyrode,  iQoS;  R0U1,  1911);  and 
the  clinical  effects  were  also  disappointing  (Tyrode).  Tbe  drug  is  there- 
fore going  out  of  use. 

Other  Actions. — ^Tyrodc,  1908,  could  di.icover  no  eSccu  of  any  kind.  Fujitani  and 
Roth  described  central  and  peripheral  stimulant  and  dcpreuant  eUnrtK.  uimcwhat 
different  from  camphor.  It  producesi  a  rather  matkul  ttimulatlon  o(  the  reapiistory 
center  in  mammals.     Kobcrt,  1S97,  aacribcf  to  ihit  the  alleged  benefits  in  tubeiculoab. 

PREPAJIATIONj— CAMPHOB 

'Camphor  (Camph.],  U.S.P.,  B.P.:  Camphor.— A  ketone,  C*HitCO, obtained  fron 
Cinnamomurn  Camphora.  White  translucent  masses  of  cryvtalUDe  •iructUKi  It* 
puUerijEBtion  requires  Ihc  addition  of  a  little  alcohol.  It  has  a  characlcriatic  odoe  and 
warm  aromatic  tailc.  It  is  slinhtly  sol.  in  water,  but  (reel}'  in  ale.,  fixed  and  volatile 
oil),  and  fat -solvents.  Drj*  camphor  %-olaiilizcs  readily,  but  its  solutioni  ore  prKCtkaUr 
(table,  even  in  open  bolllcs  iLuU'all,  1000).  Dosr^o.i  Gp..  \%t.  by  mouth;  ci  Gm, 
tJv  gr.,  hypodctmically,  U.S.P.;  a.ii  to  0.3  Gm.,  Ho  5  Kt.,  B.P. 

Its  use  in  the  orient  antedates  history; but  it  docs  nol  lecm  to  have  been  known  1 
the  Greet*  and  came  into  use  En  Europe  in  the  Modiaevtil  period.  At  i>r<9cnt,  70  ] 
cent,  of  all  the  camphor  produced  is  used  in  the  manufacture  o(  criluloid. 

*Aj.  Camph.,  U,S.r.^.\  iaiuiatcd  watery  lotution  containing  lew  than  0.5  per  cent. 
Very  llllle  ihcrapeulic  action.     Dnir,  10  cc,  jl)  drams,  U.S.P. 

*/ltf,  Camph..  B.P. — 0,1  percent, 

'Linimrntura  dtmphcrit  (Lin.  Camph.).  U.S.P.,  B.P.;  Comi^r  UniOMtit  (Cas- 
phoralcd  Oil). — 10  ner  cent,  of  camphor  in  CottonKcd  oil,  U.S.P.i  in  ffliw  tai,  B.P. 

'Spiriius  Camphortt  (Sp.  Camph.).  U,S,P..  B,P.— 10  per  cent.  Dose,  i  ex.,  ij 
minims,  U.S.P.;  o.j  to  t.i  c.c,  5  to  10  niinim»,  B.P. 

(Tr,  Camph.  Co.,  B.P.— See  Index). 

Ciimphiiiii  Mimobti'mnlii  (Camph,  Monobrom.),  U.S.P.;  Mooebroinated  C^ai| 
CiHiiBi.CU.— Cubrless  prismatic  ni-edlc»  or  tcalcs,  or  at  powder  hnving  a  nik 
chaiacl eristic,  camphoraccous  o<ior  and  taste.  Freely  sol.  m  sic.  (i  :A.5)*,sUnoM  i 
in  water.     Dmf,  0.115  ('•("■.  1  ?,'-■  US. P.     Action  simiiat  to  Camphuf. 

Atidum  Camphorkum;  Camphoric  Acid,  C,Hi,(COiH)i. — Obtained  by  oiiilat 
of  camphor.  Colorless  crystals.  Slitchtly  sol,  In  water  (i  :if5);  rt«dily  «ol.  Ui  ale, 
(at*  and  dkalici.  Used  with  doubtful  results  lU  anbydrotic.  Dssr,  o.t  lu  i  Gol, 
8  to  JO  gr. 

Oiyramphor  (camplior  with  H  replaced  by  OU)  baa  been  recomtnmdcd  as  rtspiistorf 
•edalive  in  coush.     The  aqueous  solution  decomoosn.  and   It    is  marketed  at  a  S»j 
pet  cent,  alcoholic  solution  (Oxaphor,  N.N.R.),  of  which  the  datt  is  1  c-C-  (30  6nf)m\ 
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MENTHOL 
This  is  prqared  from  the  volatile  oiU  of  various  mints.  It  acts 
similarly  to  camphor,  and  is  used  especially  locally  against  headache, 
neuralgia,  itching,  etc.  Applied  to  the  skin,  it  producer  at  first  a  cool 
sensation,  followed  by  slight  prickling  and  burning.  The  cooling  effect 
is  iiol  physical,  the  temperature  of  the  skin  being  normal  or  even  increased. 
It  is  explained  by  specific  stimulation  of  the  nerve-endings  for  cold  (Gold- 
scheider).     AicohoUc  solutions  are  antiseptic. 

PREPARATIONS — UENTHOt 
*MttUki>\,  U.S.P,,  B.P.,  CitHi.OH.— A  secondary  alcohol  obt^ncd  from  pcppeimint 
oil.    Colorless  crystals  of  peculiar  odor  and  wnrra  arumatic  taste.    Only  lUgbtly  wl. 
in  mter,  ireely  in  nic.      Dust,  0.05  nm.,  i  gr.,  U.S. P.;  0.0J  to  o.i»  Gm.,  1^  lo  )  gr., 
fI.E'.;  as  carminative,  etc.     ETiemally.  in  alcohol,  oQs  or  OJatrntnts,  I  to  J  ptt  C«nt.  OD 
ft   mucoui  mcmbnncs.  10  to  i^  per  crnt.  on  skin. 
I        Emp.  Alauhol.  B.P.,  Meiilbol  Plaster.— 15  per  cent. 
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SAPONINS  (SAPOTOXmS;  SAPO-GLOCOStDS) 


General  Statement. — These  comprise  a  series  of  related  compounds, 
generally  non-nitrogenous  glucosids,  which  occur  in  many  plants.  The 
actions  are  somewhat  related  to  the  bacterial  and  other  toxins,  and  to  the 
soaps  and  bile  salts.  Like  the  latter,  theylowersurfacc  tension,  and  there- 
fore cmul^fy  or  dissolve  fats,  lipoids  and  fine  powders.  This  emuUifica- 
tion  is  characteristic.  Through  the  same  properly  they  form  an  excess- 
ive and  persistent  foam  when  even  verj-  dilute  (t :  10,000)  watery  solutions 
are  -tiiakcn;  ihey  hemolyze  lilood,  even  in  isotonic  salt  solutions;  they 
increase  the  permeability  of  other  cells  and  are  therefore  genera!  proto- 
plasmic poisons.  Fish  are  killed  by  high  dilutions  (r:  100,000).  In 
higher  animals,  they  are  but  little  absorbed,  so  that  they  act  mainly 
as  local  irritants  to  the  mucous  membranes.  A  few,  however,  arc 
absorbable  and  toxic.  Tlicir  interest  is  mainly  scieiitilic.  Senega  is 
somewhat  used  as  oauseant  and  emetic.  Sarsaparilla  and  guaiac  were 
formerly  employed  as  alteratives  in  syphilis.  Quillaja  (soap  bark)  and 
saponaria  (soap  root)  are  used  technically  for  cleansing, 

Chemic  Properties.— Many  of  tht  ijiiical  membcts  of  the  group  respond  to  the  toe- 
mul.i,  CiiH»_iin,u.  They  nee  RliicoKiila  and  give  a  purple  color  with  cimcentratci!  sul- 
phuric acid.  Thtry  are  Kcnerslty  not  Httackcd  by  nainiul  ferments.  Physjcatly.  they 
pcBseu  the  characters  of  colloids:  They  do  not  dialyoc;  mo»t  arc  soluble  in  water,  and  are 
not  precipitatol  by  moderate  amounts  of  alcohol;  but  they  do  not  dlnsolve  In  purealco- 
bol  or  la  fBl-«olventS.  iktany  arc  prccipitaled  by  saturation  with  neutral  sails,  especially 
•sunoniam  lulphate;  by  basic  lead  acetate,  etc.  Some  brhnvc  as  acids,  others  are  ccu- 
tr«).  When  heated  with  dilute  mineral  acid*  Ihey  aircdccomposci!  into  sugars  MlfTcrins 
lor  the  individual  saponins)  and  a  sapafmin.  Schmiedeberccalli  these  drcumpuMliun 
product*  "uponins,"  ami  .ill  the  original  subitnncct  " sapotoxins. "  Others  apply 
tUfllftmc  to  Ihe  more  loiic  s-iponins  (Kevien'.  Robert.  ii)i.i). 

Occotnace. — Sapo-glucosids  are  very  widely  distributed  IhrouKh  the  veitetable 
kinedom,  occurring  in  at  trust  400  plant!.,  bcInnginK  to  ;o  different  familici.  They  ore 
probably  formed  in  the  leaves,  but  are  found  in  ail  parts  of  the  plants.  The  foammg  Ik 
w  corupicuoui  that  many  of  thrae  drugs  hai-e  received  charattcri-tlic  popular  nume*, 
uap-baric,  »oap-ront,  etc.  They  arc  employed,  even  by  non-civilized  peoples,  for  clean- 
iu,  and  on  account  ol  their  hifih  (oiicity  to  fish,  as  (i»n- poisons,  UpIiioloxin,  a  definite 
piuidple  of  isolated  saa!fc>vciiom,  is  believed  to  be  cloacly  related  to  Ihe  naponins 
(Faust). 
3T 
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Local  Actions. — Most  of  the  sapo-glucosids  are  markedly  irritant  to 
mtuous  meinbrattes.  They  have  'n  acriti  lasle  and  provoke  a  tlow  of 
saliva  (sialogogue  action),  nausea,  vomiting  and  diarrhea;  if  Inhaled, 
they  cause  mrrzing;  if  injected  hypodermicaUy,  they  cau»e  stibculaiucus 
inflammation. 

Therapeutic  Uses. — "the  local  actions  reiiemble  those  of  ipecac  anil  are 
similarly  employed.  Senega  is  used  as  nituscant  expectorant,  especially 
in  chronic  cough,  and  as  emetic.  Its  non-ab<u)rption  constitutes  an  ad- 
vantage. The  emulsifying  action  determines  the  use  of  qutllaia  a«  deter* 
gent,  especially  for  the  cleansing  of  articles  which  arc  injured  oy  alkalies. 
The  use  of  quillaja  in  medicinal  emulsions,  or  for  producing  foam  in  soda 
water,  etc.,  is  not  admissible. 

Some  o(  the  kss  toxic  saponins  might  b«  used  for  Ilii»  puipote  (EobCtt,  1904),  but 
they  hnve  not  been  sufBdently  studied  to  Ik  entittly  safe. 

A  certain  number  o{  (liese  drugs  have  some  imporlnnr-coiittccoiint  ofstock-poiaDOlog 
(Vaccaria,  Raw  I'otatuw) ;  others  have  been  used  us  fish  poisons,  as  soap  and  k*  couatcr- 
irritants,  etc.  by  the  .tborigines. 

Sitrsaparilla,  which  owes  its  activity  entirely  to  the  gapotaxln  or  Mpnalo  whjch  It 
contains,  formerly  enjoycrj  considerable  reputation  as  an  aiteralitr.  This  i»  no  loAigcr 
accepted  at  The  present  time  (H.  C.  Wood,  Jr..  iQt6J;  audit  itptMoenoany  actum  at  all 
iti8slni|*ly  Uiat  of  a  vety  miW  nauseam  and  cnlhariic. 

STStemic  Actions. — If  sapo-glu ootids  arc  iiijectcd  directly  into  the  drculatioa  ihey 
produce  hcmn!>-sis.  diuresis  (B.  MacC:allum.  190;;  .-Vsher.  1908};  and  direct  actinH^ 
Ctpecialty  on  the  central  nervous  !.yttern,  which  may  be  rapidly  faiaJ.  At  fint  UwfC  uc 
violent  convulsions;  then  paralysis,  especially  uf  the  respirator^'  center.  Tbe  cScCI 
on  Ash  is  also  paralytic  Rapid  absorption  through  the  gilU  mokes  even  ttaaU  doNS 
effective. 

Smaller  doses  given  by  the  btood  cause  especially  inlaliiKil  symfUmi.  and  duth 
after  several  days  by  collapse.  Why  the  tymplonu  are  so  largely  intat^ia]  is  tuiei- 
plabed.  Given  sub'cutuneously,  they  produce  theM  SUW  tymptoms,  osly,  of  Count. 
much  more  slonly.  If  they  are  applied  clircctlv  taskdetalorcardiacM*udrar  to  nerve- 
trunks,  thc»c  loM  Ihclr  irrilablUiy  at  once,  and  It  the  solution  is  fairlv  strong  (■  per  cent.), 
there  k  rigor.  The  addition  of  saponin  increases  the  todclly  of  diglloilB  lor  Ibe  floe's 
heort  (Poitojefi,  igii).  Saponins  act  on  amebc,  but  apparently  not  00  bacteria 
(Bacon  and  Mar<.haU,  igo6). 

Effects  of  Hemolysis. — Hcmo1>-sis  liberHlcs  iH>la»>iium  and  other  toric  ubsiaBCw 
(rom  the  corpuscles  [Gottlieb and  Lcfmann,  igo?;  VV.  H.  Brown,  and  Loe^xnhart,  1913): 
but  these  are  not  concerned  in  the  systemic  uiitonin  actions;  The  latter  occur  with  doMS 
which  are  not  hemolytic;  nor  arc  the  syiteuiic  wip<min  eflecls  avoided  by  cfaoWicrin 
which  prevents  the  hemolysis,  Presumably  the  permeability  of  the  nerve  cells  b  directly 
affected  by  the  saponin. 

Poisoning. — Most  sapo-glucodds  are  absorbed  so  poorly  that  ihcy  produce  ooly 
local  effects:  gaatroenleritia,  vomiting,  persuitent  diarrhea,  etc.  Howe%-er,  the  violent 
local  action  may  lead  to  corrosion  and  thii  to  absorption  (/.i.,  with  quilUja).  A<n» 
temma.  the  common  com-CDcicIc  (chemistry,  Brandt.  ivoCJ  is  sbsoebed  fairly  rsMHy 
and  thus  produces  systemic  poisoning.  This  is  important  unce  its  seed  may  be  admtan 
with  Krain.  The  °t'strnuc  symplums  agree  with  those  of  intravenous  injcclioo.  Ob 
the  other  hand,  certain  veKetahles,  ft.,  spinach,  contain  saponins  which  seetn  karmks* 
to  man.  Incidenlotly,  some  saponins  show  a  dilTcrenl  toxicity  for  difierent  ipedes 
(Robert,  igi*).    The  toxicity  is  not  ^mply  proportional  to  the  bcaolytic  power. 

Hemolytic  Action.—Saponins  lake  blood  even  in  an  i.Hotonic  medium. 
The  phenomenon  depends  on  their  affinity  (or  the  lipoids  of  the  cell 
envelope  and  stroma.  It  Is  prevented  by  the  addition  of  chcJcstcrin  of 
other  lipoids  which  combines  or  binds  the  saponin. 


Hemolytic Concentratloa. — The limital concentrations.  1  :400,oao  to  t  '.10,  vary  1 

mously  but  arc  characteristic  for  the  different  saponins  (Kobert,  I9I4). 

Phenomena  of  Laldng. — Saponin  hemolysis  occurs  in  two  slAgcs,  wUdi  are  practi- 
cally distinct:  The  liberation  of  hcmoKlobi'n.  and  increased  ptrnMsbUIty  of  the  covtl- 
ope  [G.  N.  Stewart,  iiigg  to  1909;  Woclfel,  tooS).    The  latter  occun  even  in  forasUe- 
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liyd-fixed  comuicles.  The  action  b  probably  both  oa  the  stroma  and  on  (lie  envelope; 
iliiiiM  iiling  m  lormer  (rum  In  combination  with  hemoitlobin,  and  rendering  Uie  likitct 
more  mniKablc,  Ihiu  lending  to  the  enlruicc  of  wntcr,  nwctUns,  nnd  "  wntcr-UklaK.'* 
Sapoam  dues  not  cautc  the  complete  dihippeatance  of  the  KlromMtai  bile  ults  do  (Ncu- 
tietX  *nd  llaendcl,  lOoS). 

Solatfoo  of  UpoJu.— The  btegrlty  of  the  corpu!iclc4  11  Inifmntcly  coonectcd  with 
ihrir  lipiHil  content.  The  itruma  and  eovelopc  <Mn!>iiI*to  about  one-third  uf  lipoid*, 
chiefly  cholatcrin  and  lecithin,  and  two-third*  of  protein  (Paacucd  1905).  Many  nemo- 
lytic  aseats  arc  lipoid  Mlvrnt»;  such  as  the  upoidn*,  bile  Mltf,  (oaps  and  fatty  add*, 
aJjphatic  narcotics,  beat,  etc.  Their  action  b  jjuqituIIv  proportional  to  their  lijioiil- 
■raniiy,  Sapoitinf  kito  incrcaM  the  petrocabitity  of  artifidoJ  cholei I erin- lecithin 
acnbmiM  (Pa»cucd,  190$).  The  hemolytic  scrums  and  toxint  probably  nUo  act 
AS  ibne  Gpotdt,  but  pcrbap*  likewise  00  the  protcjii.  It  ii  i>erhajM  not  necPuar>'  that 
tlieU|Mtd>  areactuallyditsMvcd; thry  need  mcrety  bcnltctcd.  llj-poiwtonic tolutions 
probably  diMrgaaia*  the  entire  «iiu((utc  vl  the  curi>u»clcs, 

ThcBemolytic  activity  of  different  Mponins  has  no  relation  to  their  effect  on  turfaee 
iMiMxa  (Woodward  and  Alsheri;.  1916). 

Siwdflc  RMattUK*  oj  the  CerpusclM.— The  bl<KKl  ol  difTetenl  animals  show»  speci- 
fic ^Berencc*.  It  ii  noteworthy  that  the  rcsiatance  ol  »pe<:ies  varies  inversely  lor  »apo- 
CiiR  aad  w«ter4aking  (Kymnch,  1907  and  19111.  Normal  icrum  is  somewhat  proloc- 
tive,  perhajmby  iis<-hoJciierla;aad  tliii  protection  is  tUghtly  uicreuod  by  habllutifon. 
AcBuitid  Risittanct. — Rqitetcd  injections  of  aaponin  and  other  hetnolyllc  agents 
cwlse  the  (oncral  rcHttatioe  of  the  corpuidet  (Kobert;  R.  Weil,  1910;  conti»dicted  by 
K^ut,  1913).  No  true  antibodies  occur.  Proloniied  fAponta  fecdlDZ  IncrcAKt  the 
■«nu»nc«.  both  of  the  corpuscles  proper  and  of  the  serum  (Alsbcre  and  Smith.  1^14). 
A  tiailar  increascoftedttanceoocunnUo in  certain  diseases  in  which  hemolytic  poisons 
«repR>babty  produced, /.J.,  In  syphilis,  adv-aoccd  cancer,  etc,  (Weil;  McNeil.  loio). 

Itived  Hemolysis. — I-'uehner  and  Greb,  igii,  found  that  the  combination  ol  various 
tieeiulviic  uKcnis  (olijihatic,  nlkaloidal  and  glucotidol)  gave  complex  rraults;  the  lumina- 
tioa  of  tbe  eSocti  bcins  someliines  simple,  excessive  or  dcfidcnt- 


Protective  Action  of  Cholesterol.— Kittisom,  1901,  showed    thst  the 
■deli  lion  of  choicstuiol  prevents  ihc  hemolytic  effect  of  saponins  (also  of 
loluidin  compourMis,  HUdebnutdt,   1911;  of  cobra  ly^n,  and  of  some 
•wcterial  lygins,  f.i.,  staphylo;  tetanus;  of  sodium  oleatc;  against   the 
ktnmune-senim  heroolyiins);  but  not  of  some  other  hemolytic  agents. 
Serum,  which  contains  cholesterol,  also  escrts  this   protective  action. 
The   phenomenon  i.t  explained  by  a  chemio  combination  between  choles- 
terol and  saponin.    The  protection  docs  not  extend  to  the  central  saponin 
■^lons.    Tic  OH  RTOup  seems  essential  to  all  these  protections.     Leci- 
""n  and  other  liiwids,  which  do  not  form  chemical  compounds,  afford  a 
nuch  weaker  protection,  probably  by  binding  the  saponin   physically, 
•''eir  cScctfl extend  also  to  other  lipoid-«olvent  hemolytic  agents  (Piicher, 
'9*3).    Cholesterol   also  protects   the  heart  against  digitoxin,  but  not 
"^•inst  the  other  digitaloids  (Karaulow,  iqij).     It  prevents  not  only  the 
^inDlviic  but  also  the  systemic  toxicity  of  sodium  oleate  (Klotz  and 
fiothwell.  191S). 


, .  C«B>hina iioq  o(  Cbolesterd  with  Saponina. — Cholesterol  predpitaies  saponins  from 
1^J^*»  ulutlons.  Wtndaus,  1909.  ihowed  that  definite,  crj-itaUinr,  non-hemolylic  com- 
/S***lfc  are  formed.     Tho«c  with  disitonin  and  c>vkroin  hn\  e  been  especially  studied 

11^     ^MKtfra  Action  ti  Serwn. — WaAhed  corpuscles  are  laked  by  Mpoiuns  in  one-f  ourlh 
^l^*ceacciitr>tianx  required  in  defibrinated  blood  (Lsube,  loti).     Tbia  ii  probably  dtie 
,^<>ecbeletterolcoDle»(.    The  injection  olaapottin  Into  animals  Itaaenstbit  protective 
\Qo  fof  two  OT  ihrec  daji,  by  binding;  the  cholesterol  (Wacket  and  Heuck,  1Q15). 
(Ike  hemolytic  action  of  imtcr>-  Mlution  of  saponin  is  rapidly  destroyed  by  the  add!- 
^  «f  fluoresctM  ttAiiamt^,  totin  and  etythroMn  (Noicuchi,  1906). 
IvImIor  of  1m  also  has  an  inhibiting  efiect  on  sapootn  hemolyib;  this  has  been  pro- 
'^  u  a  test  for  genuine  tea  (Maggiora  and  FctroD,  1914). 
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MANUAL   or   PEARMACOLOOY 


PREPARAnONS^APONISS 

Caidophyltum;  Blue  Cohosh;  the  rhia>ine  and  roots  of  Caulophylluffl  thaQctraides. 
<Chcmisiry,  Tuwcr  and  Snlwsiy,  toi.).)  Vwil  as  diutclic,  cmiDCnAjoguc  and  antbd- 
mlntk.     (Sec  nilicle  undvi  NicQtin  and  Etgol.)     Doic,  0.3  to  t  Gm.,  S  to  jo  ^. 

CuaiM  Lignum,  It, P.;  GuaiflC  Wuod.— The  bciut-wood  of  GuaUcum  oflitiMleor< 
»iuictum.    Contains  la  tu  1$  per  cent,  of  Ihe  Rcsla  and  sodk  laponia  (n  ttace  oi  the  ' 
latter  U  also  contained  in  the  lekin).     There  is  wrae  reuwn  to  believe  thai  the  sapoaiii 
ia  the  bearer  of  the  action,  which  Is  nauscaot  aud  purptive.    Cuaiac  it  an  alBnosC  ' 
obftoletc  remedy  for  syphilis,  gout,  rheumutiim,  tuberculosis,  etc.    It  was  introdixvd 
soon  after  the  discovery'  of  .\mcrica. 

Gaaiatiim.  U.S. P.;  Giialac.  Rn.,  B.P.;  Guaiac  Kmid  (Gum  Guaiac>.-Tbc  reala 
obtained   from  Guaiac   Wood.     It  cotitainx  a  number  of   reunous  acidi,  cMwdallj'  j 
KUainconic  acid,  which  is  colored  blue   by  oxidation.     Dost,  i  Gm.,  i  J*^..  V.S.P.;  o.  j 
to  t  Gm,,  s  to  isgr.,  B.P. 

Guaiac  resin  is  commonly  used  as  a,  reagent  for  oxidative  (ennents.    Scbacr.  i9)}> 
find*  the  best  results  with  resin  extracted  from  the  wood  by  chlorofofra;  iheiv 
natural  resin;  IhcQ  alcoholic  extract  of  the  wood.     Solutionx  Iom  their  sensitive 
with  at!e. 

Miil.  Guaioc,  B.P.;  Guoiacum  Mixture. — i.j  percent.  Mupeuioaol  the  renn.,] 
Dost,  1$  to  30  c.c,  H  to  I  ounce,  B.P. 

Tr.  Guaiac.,  U.S.P. — jo  per  cent,  of  the  reiin.    Dost,  4  ex.,  i  dram,  VS.P. 
Tr.  Guaioi.  Ammon.,  U.S. P.,  B.P.;  Ammoniated  Tincture  of  GoMac.    10  per  cent. 
with  aroniBlics  and  ammonia.     DoH,  ac.c.,3ominimii,U.S.P.;3  t0  4CX.,3j  tot  draoa., 
B.P, 

T'o(h.  Guaiac  Ris..  B.P. — 0.1  Cm.,  j  gr. 

lUmidesmi  Kiid. — The  root  of  the  Ilemidesmus  indkcu*. 

Quillaia  Cortex,  B.P.;  Quillaia  (Soap  Bark].— The  dried  Inoer  hark  ot  QiuDaJa 
Saponaria. 

Ti.  Q-iilL.  B.P. — s  per  cent.     Dose,  1  to  4  c.c,  \^  to  i  dram,  B.P. 

Saponitria;  Soup- root. —The  root  or  leavn  of  Saponaria  officJoalis. 

Sariapariila,  U.S.P.— The  dried  root  o(  Smibx  ipecies.    Doit,  »  Gm.,  30  gr.,  UAP. 

FUtxS.  Sariap.,  U.S.P.— Dme,  1  c.c,  30  minima,  U.S.P. 

FUexi.  Sarsap.  Co.,  U.S.P. — :oo  c.c-  represents  75  Gm.  of  Sanaparilla  ud  3  Cm. 
ol  Mczercum,  flavored  with  Glycyrrhixa  and  Sasufnu;  y^  alcohol;  y{^  ^yccrin.  Do**, 
1  c.t.,  JO  minims,  li.S.P. 

'Syr.  Sarsop.  Co.,  U.S.P, — jo  fker  cent.  Sar<apitri!la;  1,3  per  cent.  Senna;  Oavatcd 
with  licorice,  sassafras,  anise  and  wintergrcen.     Dote,  1;  c.c,  4  dram*.  U.S.P. 

Stneia,  U.S.P.;  Sencg,  Kad..  B.P,  (Seneca  SnakMOOl).— The dd«Irov»a(  PolyfsU 
Seneea.    Dose,  i  Gm.,  ts  gr.,  U.S.P. 

Flde^.  Seneg.,  U.S.P. — Contains  some  ammonia.     JJott,  t  C,^,  15  mininBt,  U.S.P. 

Inf.  Smtf.,  B.P. — S  per  cent.    Dose,  ij  to  30  c.c.,  fi  to  1  ounce,  B-P. 

Syr.  Seneg.,  U.S.P. — jo  per  cent.     Dose,  4  c.c,  i  dram,  U5hP. 

Tr.  Stntg.,  B-P.— JO  pet  cent.     Dasr,  >  to  4  cc,  )i  to  i  dram,  B.P. 


SOLANm 


Th«  glucosldat  alkaloids,  sohnin,  sobncin,  and  solanldlB,  wUdi  occur  in  pkata  («■ 
the  potatu-gcnus  (Sutanum  nigrum,  dulcamara,  tubenMum  (Potato),  Carolincns«,  aadj 
Tomato),  posicfj  a  typical  sapotoxin  ncl.inn.     In  certain  Kpedes,  partkulaily  in  " 
dulcamara,  Ihcy  are  a^soiintcl  with  a  nmM  quantity  o!  airopln-likc  alktMd  KM  i*l 
a  saponin  (dulcumarin).    The  biter  plant  i:^  wmctirnu  uicd  as  a  naineant.     Sotknia" 
had  the  formula,  CiiHuNOu;  it  splits  into  sugar  and  »olanidin,  CmI1«iNO|.     Tlw 
solai^o  literature  is  reviewed  by  Meyer  and  Schmiedeber^,  iSoJ. 

Solaauin  Dulcanun. — Bittersweet. — The  young  braiidie*  are  iwed.  Dot*,  4  ex. 
of  the  iluidexlracl. 

i'olata  {Solanum  Tuhervsum). — Tlic  toxic  principles  arc  distiibultd  Ihroucboat  thaj 
plant,  but  only  very  small  quantities  nre  found  in  the  pulp  ol  the  tgber — loo  sinaD  lol 
produce  any  act  inn.     The  quantity  is  l.viger  in  Ihe  peel,  and  rtpccially  in  v<ery  youiw ' 
and  In  sprouting  pulaloes,  but  it  is  not  iac reused  by  itorage.    The  amount,  hoirever,  ts 
aliiays  so  snull  that  "potalo-poiKimog"  i*  probably  never  due  to  soiaiiin  tl>roate, 
151  SI- 

Solaniim  Carelinmie. — The  berries  have  been  recommended  in  cpflepsy.  Tbeysic 
always  given  with  bromids.  and  the  therapeutic  effects  of  the  mixture  are  probably  dao 
entirely  to  the  latter.     Doit,  4  to  s  c.c.  of  the  Duideilract. 


CHOLESTEROL 
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SNAKE  VENOM 

Actions.— Tb»  elects  of  snilie  veoom  »r<:  partly  locftl,  nartly  nnlrnl.  The  local 
Ejfecjf  coDsbt  espadally  in  an  iatenee  cellulitis  at  ihr  iiie  of  ihe  bite.  This  is  aceom- 
,  pMiied  b^  swelling  andprogresses  to  gangrene.  The  blood  is  also  deeply  aSected.  Its 
eoagulibilitj'  i^  altererl,  as  irith  albuniosies.  The  red  bloud  corpuscles  ate  diwolved. 
Thcit  is  contuilerable  tentlency  to  extravasatioa  and  thrombosis-  The  teucocyles  sink 
to  IS  pel  cent,  of  tlieif  nonnal  number. 

Snake  venoms  have  no  elTctt  on  infusoria,  bacteria,  or  oa  plants,  but  Ibey  arc  toxic 
lo  all  animals  abuve  the  hydra. 

Thr  tystemie  aflbm  arc  nervous,  and  mainly  central.  The  most  conspicuous  is  a 
iKi]b*r  paralyNs.  There  is  a  period  of  incubmion  (!n  maa,  of  aboui  four  hours'  dura- 
itlon);  ine  jKilient  then  becomes  drowsy,  and  ilieapteients an  asceuding  paralysis  oitlie 
cord — i.e.,  in  the  order  of  legs,  arms,  larynx,  nnd  tongue.  This  may  be  preceded  by 
convulsive  movements.  There  is  also  salivaiiun  and  vomiting.  The  resoiration 
becomes  dyspncic.  giving  rise  to  asphyiial  convulsions  and  forming  the  cause  oi  death. 
The  hc^rt  beats  for  some  time  after  the  respiration  slopi.  A  paralysis  of  the  vaaomoloc 
eenier  is  f(ei.|ucnt  with  these  iKiihon6,  leading  to  a  (all  o(  bfoud  pressure.  The  lalter 
b  in  part  due  lo  peripheral  efkvls  on  the  heart  and  on  the  endintjs  of  the  splanchnic*. 
In  the  heart  the  paralysis  involves  both  ganglia,  and  muscle.  There  is  also  some  curare 
Mtlon. 

These  actions  are  common  to  all  snake  venoms;  with  certain  snakn,  however,  the 
local  actions  predominate,  with  others  the  systemic. 

The  danger  depends  on  many  conditions.  For  tattlesnake  venom,  the  fatal  hypo- 
dennic  doKt  would  perhaps  be  0.13  to  o,t  Gm.  The  actual  mortality  in  America  i* 
probably  about  10.;  per  cent,  for  all  snakes;  ti.7  per  cent,  for  mttlcsoakcs  (Willaon, 
1908). 

Hemol^c  Principle. — This  is  probably  a  tocalbumln  (Kyes  and  Sachs). 
Cobra  venom  lal;c»  wnshcd  human  and  guinea-pig  corpuscles  directly,  in  the  absence  of 
aeram;  whereas  wdshr<l  ^heep  and  01  corpuscles  aic  highly  resisunl.  but  ate  rendered 
pusccptlble  by  the  uddiliun  ul  serum  or  lecithin,  Kyes,  igio,  therefore  cunsidered  the 
venom  as  omboccptor  and  lecithin  as  complement.  The  existence  of  this  toxic  "cobra- 
Udtliid"  was  discredited  by  Manwaring.  1910,  and  others.  Von  Dungcrn  and  Coca 
■howed  that  venom  contains  a  lipoid -split  ling  ferment,  which  liberate  hemolytic 
ckavafe  products.  Noguchi  believes  that  soaps  of  unsaturated  (atty  acids  may  act 
as  "complement." 

Ophiotoxin  and  Ctotalotoiin.— These,  accoriling  to  Faust,  igio  and  ion.  are  the 
chieJ  toxic  constituents  of  cobra  and  rattlesnake  venom  respectively,  being  responsible 
ior  UteceDlrsI  actions.  They  ure  drfimle.  nO'n-nitrogenous  prindples,  not  glucosidal, 
lull  Otherwise  ver^-  cloisely  telate<l  in  their  pbj'sical.  cbcmicul  and  pnannBicoloKical  char- 
•Cten  10  the  saponins;  nnd  probably  related  to  the  toad  poison,  and  hence  to  choleslcrin. 
liwy  produce  practically  all  the  effects  of  the  whole  snake  venom,  except  aggtutination. 

Rattlesnake  venom  is  not  lone  to  rattlesnakes.  The  serum  of  thae  snakes,  how- 
ever. Is  tiot  antitoxic.  It,  as  also  the  bile,  has  only  a  low  toxidty  (Walker  and  Marshall, 
19151. 

Treaboent  of  Snake  Bite. — This  must  be  vetj-  prompt.  The  wound  should  be 
Ultsted.  f  xpre!,scd.  excised  or  cauterized.  Crystals  of  potassium  permnngnnale  should 
be  robbed  in,  of  a  »-jlulion  ol  thi^,  of  chlorinated  lime  cir  of  ioditi.  [should  be  freely 
isjectcd  into  or  about  the  wound.  Medtdlary  slimulanls,  and  large  doses  of  strychnin, 
Weuaeful.  The  popular  treatment  with  large  doscsof  alcohol  iscmpirical.  Immuniia- 
tion  bv  antivcnins  ha^  been  tried  extensively. 

Otnef  Animal  Poisona. — Various  animals  contain  toxic  substances  belon^ng  to 
.4fS*Trat  groups.  They  are  reviewed  by  Faust,  1910;  and  the  animal  hemolytic  poisons 
by  Sachs,  190b.    The  toxins  of  /Rlcifinof  Paratiiei  are  discussed  by  Paulian,  tgi4- 


CHOLESTEROL 


The  protective  action  of  cholesterol  ag.aiast  saponin  hemolysis  has 
ted  to  thcrapcuLic  trials  in  herooiylic  discas<;s.  The  results  have  nol 
been  decisive. 
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CbBraeters.— Choi  rate  rol  Is  *  mon-atomlc  alcohol,  CnHtiOH,  sltb  the  MlobiSt 
charatit-n  vi  bis.     It  is  tlicrefors  but  poorly  abtorbcd  {SudelmaMi.   189S:   . 
iQio).     Its  onidation  nroducts  produce  enccti  (digitnlU  and  mtponin)  mcmbliriK  I 
of  bile  acids  And  ut  Tni'  pcisuns  u(  loads  and  uiakin.     ludrvd  all  thcic  axe  profa 
<l«rivativi:s  til  cholesterol  (i'aust.  iQii;  Fluty.  191 1).     Cholotcrol  iXkU  a  tOBieiriia^ 
*timuUting   lt>   the   hcfLrt-niiisde,   but   wilhoiic   ^Inwintc   (Danilewsky).     Cboletterol 
knd  its  (atty  esters  Ic^en  pliajjocytusis;  lecilbiu  removes  this  cSect  foe  cbokftterol,  but 
not  with  ihc  esters  (Sleubcr,  1913). 

Occurreocs. — Ciioltsterol  is  a  cotnmoD  cell  coa»tiiucnl,  and  thcKfonoccvn  En  ibom 
(ooJs.  EKg-yolk  is  especially  rich,  on*  yolk  containinj;  about  0.15  Gm.  (Klda,  iQioJ. 
It  h  generally  prepntcd  from  gall-stoncx.  Itt  cilcii.  nnit  hocnoloe*  ca(it>titiit«  Wo 
fat  (see  Inilct).  '1  he  cholesterol  content  al  the  tiUrud  plasma  \a  influenced  by  rtlwuer' 
inctewed  in  di.ibetes  mellilus,  icterus,  and  >umc  other  iHttstta;  detrtaaed  in  infecltoua 
fevers  (Klinltcrt,  191  j;  Buerger  and  Bcumcr,  191  j).  It  i^sho  iocree»nl  by  partial  of 
complete  excision  o(  the  suptarenals;  at  thctamctlnic,  inctcasKlquaatfiksarcacretcd 
by  the  bile  (Rothschild.  1914). 

Cholesterol  ia  present,  partly  free  a.ni]  partly  as  cstere,  in  the  blood  plasma,  ltd  cor- 
pusclcE,  and  capcciully  In  the  leucocytes,  in  (airly  coDsiaot  quantity  und«T  Bonnal 
conditions.  Cholesterol  olaie*  may  be  found  in  any  tissue  when  the  cells  have  undet' 
gone  slow  destruction  and  where  abtorplinn  Is  poor.  It  is  increased  by  feeding  dloles- 
tcrul  (l^hioann,  1014;  Wucker  and  Hueck,  1913).  Mice  can  synlhetue  cboUsterol 
when  it  is  absent  from  their  food  (Degani,  igi^);  but  it  is  now  bdievcd  tbat  it  b  Dot 
ordinarily  formed  in  hiflhrr  anininU.  but  depends  upon  the  food  and  tbcrcforc  eventually 
on  plants.  Ordinary  (oud  corituiiLS  adeit'iatc  amounts;  but  when  the  diet  is  restricted, 
or  when  there  are  extraordinary  dcnuinds,  as  in  ^cowing  childreo,  it  may  ooncdvably 
be  deficient  (Mendel,  1914). 

Fate. — Cholesterol  is  absorbrd  front  the  alimentary  tract  Into  the  Ivnph, 
being  demonstrable  in  the  thoracic  ducts.  Apart  is  converted  into  eaten  before  aMOf|>- 
tion  [Mueller,  1915).  The  cicrclion  in  man,  with  variouK  diets,  waa  stucfied  by  Clis 
and  liatdnei,  iQii.  It  is  lirsl  oxidiKcd  into  oxycholeslerin,  and  a  pan  ptotMbty  into 
the  cholic  acid  of  the  bile  (Lielschuet^,  ioi4)> 

Hypodermic  injection  into  rabbits  ptoduccs  marked  inflammation  and  necnaia  of 
the  subculancnus  tissue.     This  gradually  subsides  with  the  diiappearanoa  of  the  cbniti 
terin,  effected  mainly  through  the  leucocytes  (Basten.  1015). 

With  intravenous  injection,  it  leaves  the  blood  rapidly,  being  depodlcd  In  ' 
OTKans,  and  partly  excreted  by  the  bile  and  urine.    The  kidneys  sLow  dcgenecadv 
chanees  and  Wnt  infiltration  with  cholesterol  (K.  Dewey,  1916}. 

Fbagocjrtosis  and  Antibodies.— In  mbbits  and  guinea  pin, iBlectioa*lo*rt  tihoco- 
cytoaisbydlrectacdonoQibekucocylcs.  Theyalso  delay  antibody  fOTiBaiion  iUewey 
and  Ntuum,  1914).  Burnett,  :9t3,  states  that  its  injection  accelerates  the  growth  of 
experiment aWan«er.     The  division-rate  of  Paramecium  \i  incteoMxl  (Biowdei,  ioi!)< 

Atheroma. — Feeding  vr  injections  «f  cholesterol  produce  arterial  leskxis  in  nbbiti 
(Walker  and  Hucck,  1913;  tgnatowsU  and  Chalatow;  Adier,  1014;  Dctiar  aad 
Froibingham,  1914):  also  degenerative  changes  in  the  suptwial  cottez  (Knack, 
1915).     Lc5^  marked  arterial  changes  ure  produced  iit  guinea  |Hss  (Baile}',  1915). 

Therapeutic  Use. — In  poroxj'^mal  licmoglDbinuna,  PrinitMcini.  1911  and  ipij 
reports  partial  succe^  from  six  intramuscular  iojeclions.  on  alternate  days,  eaca 
5  cc.  of  10  per  cent,  cholesterol  emulsion.  The  action  did  not  outlast  the  admii 
ttalion-  Reicher.  190A.  in  Demidous  anemia,  adminislrrnl  it  bv  mouth,  j  Gm.  la  1 
c^.  of  olive  oil,  <la{ly.  in  tablespoon  doses.  The  preparation  of  a  srattty  fimiliifffi  I 
iaira venous  injection  is  described  by  Dewey,  1916. 


ACONITE 

General  Statement— Aconite  owes  iU  activity  to  thtt  ladiff  1 
alkaloid  acouittn.    Thk  i^  a  peripheral  and  central gumubuit  and 
sant.    Locally,  the  peculiar  stimulation  (tinglingj  and  anesthesia  (ni 
ness)  of  sensory  nerves,  without  iiiflamm<itnr>-  pheaomcna,  is  used 
neuralgic  and  rheumatic  pains.     Systemically,   iherapctiiic  doses 
ducc  mainly  a  slowing  of  the  heart  (central  vagtjs  stimulation)  wt 
U  employed  to  some  extent  in  sthenic  fevers.    Larger  doses  are  highly 
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tojric;  producing  great  general  dcpr«*ion,  extreme  irregularity  of  the 
heart  (mainly  by  direct  action  on  the  cardiac  muscle),  and  death  by  arrest 
of  the  respiration  or  henrt. 

The  tincture,  the  most  commonly  used  preparation,  now  contains 
lo  per  cent,  of  sct>nite,  in  both  the  U..S.P.  and  B.P.  (In  the  older  editions, 
the  strength  was  35  per  cent.  U.S.P.,  5  per  cent,  B.P.  These  dif!fcrcnc«s 
must  be  remembered  in  connection  with  the  older  clinical  papers.) 

HUtorieal.— The  tonic  properties  ot  nconlle  wtre  known  li>  ibv  unticiiLt;  however, 
ihrrc  is.  ciiniidemblr  (flnfuwon,  iJnce  the  Roninn  poets  used  "Aconite"  lo  denote  vcg*- 
l«ble  poisons  gmcrally  (Klemiin!}.  Various  apecics.,  mosi  of  which  .ire  InxIc.Krour  in 
dtStrent  parts  o£  the  world.  Thev  were  used  as  arrow -poisons  by  llii-  ancient  Chinese 
and  Gauls.  The  thcmpeuiic  use  dales  from  Anion  Stoprtk  ("Ohservalions  on  the  Use 
of  Cunium.  Stramonium,  .Vconitir,  and  Cukhicum."  17^3).  wliu  di^Dcribed  Ibe  linKlin^ 
without  reddening  oi  corrosion,  the  salivation  nod  sweating,  and  prDpo%cd  it(  use  against 
fhtunuttic  and  neuntljeic  fialn,  and  for  "dis^ioaiin)-"  awrllinK"  and  hcalinK  ulcers. 
Alexander  Fleming,  of  Edinburgh.  x&i$,  publishiti  ;i  comprelirn^ive  experimental  and 
clinical  "inquiiy"  of  Aconilum  N'apclfus.  which  is  still  n  good  model  lor  thcrnpcutic 
observation.     Aconite  li  a  favorite  remedy  of  the  homeopathic  whool. 

ChemIstT7  of  Acooitiii. — The  chief  active  constituent  ot  Aoonitum  Napcllus  is  the 
alkaloid  Ac^inisin,  which  occurs  in  n  crysiallinc  aiwl  .imorphoua  form.  It  is  chemically 
an  atetyl-ben/oyi-esler  of  tuanin,  a  base  derived  from  quinolin  (thrcnbciK  and  Pur- 
fUrst).  Jl  dttcmpoies  readily,  even  on  boiling,  with  water,  into  benxuyl  aconin  (Picro- 
aconitin,  Iiw-acnnilin)  and  this  again  into  aconin  (Frcund  and  licck.  i%4).  Tbry 
have  the  ume  actions  as  acunitin.  but  picioaconilin  is  only  about  tjo  ^"^  stronjt  as 
acooitin.  aconin  !iooo.  These  nnd  probably  other  decomposition  products  preexist 
in  the  drug,  and  are  prohjibly  formed  in  its  e<f  ructions  and  cspcdatly  in  the  manufnctim 
of  the  alkaloid. 

Comtiurdal  " AfmiUins''  therefore  usually  represent  mixtures  ot  varying  strength, 
some  being  a  hundred  times  more  active  titan  others.  This  cnormotis  variability  Is 
most  unfortunate  in  a  tsubtilance  o(  so  great  a  toxicity;  and  several  fatal  acddents,  to 
which  it  gave  rise,  have  led  to  the  priictical  abandonment  ot  the  internal  use  of  luomtin 
in  therapeutics. 

VviabIUt7  of  Tincture. — The  tincture  is  also  subject  to  variation,  even  when  it  is 
dwmtcaiUy  ai^tayd  (or  lotnl  niknlolds.  Robln&on,  iqij,  for  instance,  found  acheailcolly 
aauycH  sample  practically  inactive.  Haskell  and  pupils,  1015,  find  the  activity  lo 
vmrv  nearlv  1000  per  cent.  The  chemical  assay  is  therefore  useless,  or  rather  harmful, 
and  should  he  rrplaced  by  the  bio.ntisay  dcM:ribed  in  the  V.  S.  P.,  IX. 

Other  spcicies  of  aconite  contain  related  alkaloids,  with  similar  actions:  PKud- 
acooitin  or  Nepulin;  Indaconitin;  Bikhaconltin;  Japaconitin,  etc. 

Local  Actions. — In  the  moulk,  aconite,  even  a  small  quantity  of  dilute 
solutions,  produces  a  peculiar  warm  and  tingling  setisaltcm,  a  sour  rather 
than  bitter  taste,  followed  by  numbncs.'*  and  anesthesia.  The  lips,  tongue, 
and  mucous  membrane  of  Ihe  mouth  and  Ihnjat  feel  as  if  swollen.  The 
flow  of  saliva  is  increased  rcflc.ily.  The  apparent  irritation  is  not  accom- 
panied by  redness,  pain,  objective  swelling,  or  other  sign  of  inflammation. 
It  i*  therefore  purely  sensorj'. 

Analogous  eSecIs — heat,  tingling  and  succeeding  numbness,  without 
inflammation,  are  pru<luced  in  any  other  situation  to  which  the  drug 
may  be  applied;  and  even  on  the  systemic  administration  of  large  doses. 

From  the  skin,  watery  solutions  are  but  ilighlly  absorbed,  and  friction 
must  be  employed  to  secure  the  local  effect.  Oily  solutions  and  ointments 
arc  absorbed  readily. 

fliVojioy.— The  tioe^ng  sensation  in  the  mouth  waa  proposed  by  Squibb  for  the 
Identification  and  estimation  of  aconite,  and  is  still  one  of  the  most  salisfactory  methods. 
Perfusion  of  the  isolated  frog'ii  heart  is  sensitive  lo  acunitin  in  dilution  of  two  io  a 
million  (G.  It.  Koth.  f^ij).  The  fatal  dose  (or  giunca  pigs  has  becit  adopted  by  the 
U.S.P.  as  the  most  pmctical  test. 

IF.yr. — FIcnuBg  claims  that  the  application  to  one  of  the  temples  or  one  side  of  Ibe 
forehead  may  ptoducc  more  or  leas  (temporary)   6/iWncij  on  that  side.     The    pupils 
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are  then  dilated,  presumably  to  admit  moic  light.  Th«  appUcalion  to  tbc  coojuncihn 
ronslriclii  the  pupilc.  In  sy^icmic  poisoning,  they  arc  Bhi)  coiuirictcd  until  the  final 
aspbyxUI  dilation. 

Therapeutic  Use  of  Ihe  Local  Action. — This  is  used  for  the  relief  of  looth- 
Rche,  neuralgia,  migraine,  rheumntic  and  other  Mmitar  pain.  For  this 
purpose  it  may  be  employed  by  thorough  friction  of  the  tincture,  un- 
dihitcd  or  with  the  addition  of  i  to  lo  parts  of  soap  liniment.  This  is 
probably  as  effective  asthcetpcnsiveUnguentum  Acoaitinsc  (a  per  cent,)- 

Fleming  claims  that  thelntrmatusecif  the  linctuicig  often  more  efiectivc,  lacreaiiti* 
the  doiSKt:  from  about  i  c.c.  of  tht^  Lt.S.l*.  tincture,  three  lima  daily,  until  (lie  fuU 
therapeutic  cITcct  (puist:  of  $t,  lethargy,  etc.)  U  obtaitieil. 

Sj^temic  ESects  of  Therapeutic  Doses.— These  consist  mainly  in 
a  more  or  less  jironounced  slowing  of  Ihe  heart  rali;  to  6o  or  54  beata  per 
mittutc,  according  to  the  dose  and  the  susceptibility  of  the  individual. 
The  pulse  i&  also  softer  and  weaker,  but  remains  regidar  as  Ion  ais  the 
dosage  of  slowing  is  not  surpassed.     The  blood  pressure  falls  slightly. 

The  therapeutic  slowing  (which  is  often  ab.sent  in  anesthetized  does) 
is  due  mainly  to  stimulation  of  the  vagus  center,  for  it  is  practically 
absent  if  the  vagi  have  been  di\ided  <S.  A.  Matthews.  1897). 

The  typical  slowing,  which  occurs  in  one  and  one-half  to  two  hours 
if  the  tincture  has  been  taken  by  the  mouth,  is  preceded  by  subjfftir^ 
sensatiotts  of  evanescent  warmth,  and  persistent  numbness  and  linj^Hng, 
l>eginning  in  the  finger  tips,  and  extending  along  the  arm,  as  the  dosage 
is  increased.  The  respiration  is  moderately  slowed,  and  more  or  1^ 
labored.  With  the  full  therapeutic  dosage,  the  patient  is  weak,  giddy, 
confused,  lethargic  and  cold.  These  phenomena  last  for  three  to  five 
hours,  and  are  as  far  as  the  therapeutic  action  should  be  carried.  They 
are  produced  by  doses  corresponding  loo.  15  to  0.3  gro.  erf  aconite  fncm- 
ing,  corresponding  to  1.5  to  3  c.c.  (20  to  45  minims)  of  (he  10  per  cent. 
U.S.P.  tincture. 

Stealing  may  occur  but  is  not  constant.  The  urine  a  not  incnoicd.  The  icmprta- 
lurt  Is  DM  maikedly  aCccled  by  the  therapeutic  doses.  DlitUiim  and  pttittaltit  an 
not  disturbed,     Thcru  is  nu  (umulalhe  ocfivn. 

Vmomolar  Centrr. — This  b  not  nflccted  by  non-toxic  dose*.  Toxic  dcMCS,  boBwa.i 
produce  »  niNximal  siimukiion,  more  intense  than  can  be  obtained  (rOB  stimuUlkn  el' 
MDSory  ncn'K)  I'ilchtt  and  Sollmann,  1915). 

Inactive  Tiactures. — Several  recent  observers  (Price,  igii;  Rudolph  and  Cole,  IQti) 
have  hcva  unable  to  obtain  effects  on  the  pulse  aad  blood  picanirc,  fram  sntaU  aad  < 
fairly  large  doses,  in  a  variety  of  clinical  condition).    These  ncniive  results  are  pntl^^ 
ably  asciibiible  Xi>  innciivc  prcpnratioDS  of  the  drug,  a»  with  RaMnMn,  1915. 

Therapeudc  Uses.— The  slowing  of  the  circulatkin  has  been  utilized 
in  heart  disease,  in  hv-pertcnsion,  and  in  sthenic  fevers,  but  is  of  doubtfulj 
value,  especially  in  view  of  the  total  Inefliciency  of  the  dose>  ordinaril^^ 
given. 

Sihenif  Ffvera.— In  these,  It  i a  supposed  to  "caIm"lbcav«f»ctivebcftn,aadtofn>-j 
mote  the  action  of  mild  diaphorelii'  agents  (spirits  of  nitn,  aflunoidan  aceUMb  MC^ 
It  is  used  in  this  way  during  the  sthenic  stage  of  acute  fevers,  <sp«da]IyiRcfaaldKH,l 
the  "abortion  "of  colds.     According  to  Kinxer,  it  iMidministcreil  in  small  anil  fttquc 
dOHs  (5  to  5  drops  of  the  to  per  cent,  tincture  (or  aduitt,  at  tint  evcr>'  GftMii  miautttl 
for  two  hours,  then  every  hour,  until  the  pulse  returns  to  oonnal).  aad  ooly  (ot  tlMi 
first  day  of  the  fever,  to  avoid  depresdon.     It  is  diflicult  to  judge  its  twcftUneH  under 
such  conditions.  j 

Oi'diof  Conditions. — Aconite  is  plain)}'  (antraindiralrd  ia  iDeoapeiualn]  valralacj 
lemons,  since  it  would  reduce  the  already  defective  maas-movefnenl  oS  the  blood.    Tbcty- 
retically,  it  might  be  indicated  In  functional  averacttvlly  of  the  bean.  In  cxctvaivc  bypt^ 
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tropliy,  tnd  in  acute  inflammatorv  canditioni  ot  Ihe  htait.  Id  all  of  th«ite,  a  slonisg 
o(  Uic  ticnlji  i%  dcidrnbU.  In  fact,  however,  tbc  lamt^  cScct  can  he  obtainnl  by  the  more 
(iMiirubie  expedient  of  simple  tot  in  bed.  The  use  of  "CHrdisedeprFwanis"  is  now  almost 
obsolete.  Other  diun  wnich  have  been  cinplo}'e(l  for  thU  purpose  arc:  SpBTtein,  Vcn- 
ttvm,  ColcbJcin  and  PaU«ium  sails. 

Uy^trUtuion. — Fairlv  tari-B  doses  ot  the  tincture  (:s  to  ij  drops,  four  timei  daaiy) 
'  have  been  tiicd,  but  with  doubtful  result*.    Thomson.  1014.  dajms  that  it  lowers  blood 
jimsure  and  incrtav.-s  the  elimination  of  urea  in  interstitial  nephritis.     Picrson,  191  j, 
obtained  vety  little  result. 

EFFECTS  OF  LARGER  (TOXIC)  DOSES  OP  ACONTTE 

Mammaliaii  -Circiilatioii. — If  the  thempcutic  dosage  is  exceeded, 
the  primary  slowing  of  the  heart  rate  turns  rather  suddenly  into  quick- 
ening, accom{»(iiied  by  arhythmia,  which  tinally  becomes  extreme, 

T'(ukiJiitMKceiillyincreH$i:tli«forreand  especially  the  rate  of  the  heart,  at  the  same 
lime  rendering  it  extremely*  irhylhmic.  The  beat*  niay  octur  in  gcroups  as  with  digilali*. 
The  heiirt  finally  goes  quite  suddenly  into  delirium  cordis,  and  stops.  During  the  eoi- 
,  licr  lUCcs  of  thu  action  the  blood  pressure  is  eit  remcly  variable,  accotdlng  to  the  vary- 
ing foice  «f  the  heart,  and  the  successive  stimulation  ami  depression  of  the  vasomotor 
center.  Toward  the  later  stages,  the  pressure  drops  severely  (Matthews,  1897;  for 
further  delafls  of  the  intercsllag  cardiac  irregularities  eoiuult  Fleming,  page  i\;  and 
Cnihny,  tooo). 

The  cardiac  effects  are  due  pardy  to  stimulation  and  depression  of  the  vagus  and 
accelerator  mechanisms,  but  mamly  to  direct  action  on  the  cardiac  muscle;  the  excita- 
bility of  the  latter  is  greatly  increased,  loniewliat  as  with  digitalis  (which  see).  The 
([uiccening  occurs  even  in  the  nrr\'e-free  heart  of  the  cmbi}'onal  chick;  in  mammals  also 
it  \i  Men  after  all  the  nerve  endings  in  the  heart  have  been  parulyxed  by  apucodein- 

The  isahUd  mamMalian  heart  (Hcdbom-LangendorfF)  shows  the  following:  The 
&nt  cflccit  arc  inconstant;  the  frei.)uency  h  then  cnofmoutly  increased  and  amplitude 
](SMncd  below  what  is  accounted  for  by  the  quickening  (Increased  irritability  and  weak- 
fned  mutdc).  Then  follows  a  transient  increase  of  amplitude  (muscular  stimulation), 
and  then  sudden  stoppage  of  left  ventricle  (paralysis  of  automatic  property).  The 
right  ventricle  and  the  auricles  make  a  few  more  contractions.  CaScin  may  start  a 
tew  beats. 

Action  t4  Aeonite  on  the  Frog's  Heart. — These  are  practically  identical  in  the  intftct 
frog  and  in  perfused  excised  heart.  They  arc  therefore  peripheral.  They  conxitt 
CMcatiaDy  in  heiKtilened  itrit»hiility  of  the  auricular,  and  especially  of  Ihe  ventricular 
AiBcle;  disturbed  conduction;  lessened  conlraclicin  intensity,  and  finally  porslysi*. 
ThctUCCCMiveclIcctsBredescribcdasfolIows  (Bochm,  1871;  tlartung.  1911;    ruchncr, 

19"): 
t       I.    Fftliminaty  ilavint  i*  sometimes  observed.    It  is  |>rubably  due  to  stimulation 
,  of  tbc  vagus  endings. 

•  1,  AtttUr3lii!n.^Ka.\hi!i  suddenly  the  beats  become  quickened  and  at  first 
,  itKnRtbened.  The  accelemlion  is  attributed  to  heightened  irritability  of  the  cardiac 
,  rau*die.    The  time  of  contraction  and  the  refractory  phase  are  shortened. 

3,  Ittcobtdinalion. — Ventricular  extra-syBtolesapjicnr  (even  when  the  auricles  are  re> 
moved}.  The  rate  of  the  ventricle  increases  above  that  of  the  auricle,  at  first  in  a  rcgi>< 
Ur  ratio.  The  combination  o(  the  two  rates  results  lu"  periodic  dissocial  ion"  or  grouped 
beala.  As  the  rate  continues  lo  increase,  Ihe  contractions  can  not  be  maintained 
rtsular,aiid  become  extremely  Incotlrdinated.rKultiiig  in  the  characteristic  "perislid- 
>ri"of  thchcart-muicle.  This  begins  in  the  auricles,  but  soon  extends  to  the  ventricle. 
It  oOBsUts  in  vermicular  movements,  in  which  the  blood,  instead  of  being  proncUed. 
it  meidy  moved  about  in  the  hrjirl.  The  loi:ali.teil  contractions  may  lead  to  a  mulberry 
anpMranoe,  etc.  Sometimes  the  contraction  sequence  is  reversed  so  that  Ihe  ventrk- 
war  ceolnction  initiates  the  auricular  beat.  Tliese  irrcgulnritics  may  altcmnic  with 
jkCfiocbofquite  normal  beats.  The  regular  rhythm  can  often  tic  tcitorcd  by  stimulating 
tbc  accelerator  nerve. 

4.  SUnittUl. — The  extreme  irregularity  always  passes  off  after  a  time,  and  is 
ucceededby  slow  and  weak,  but  fairly  regular  contractions,  except  that  the  ventricle* 

It  much  slower  than  the  auricles,     i^ventuilly  the  ventricles  stop  relaxed,  and  then 
..  Bmtticks,  usually  rather  suddenly.     Atroptn,  accelerator  stimulation,  or  direct  stimu- 
Mtinit  nsy  start  a  few  rhythmic  beats,  but  the  contractility  is  soon  lost  completely. 

BMfl-IMI  for  Aconitin, — The  peculiar  heart  "peristalsis"  is  the  most  delirnie  and 
<b«nKleri>tk  test  for  aconilin.     f'uchner,  iqii,  could  thereby  delect  ^og  mK.  in  inlact 
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Axw«  iLiid  Hooo  ii^-  '"  «'<^'*'<1  hearts.  EUmilor  effect*  ore  pioduced  bv  the  nlut^ 
Dclphiuit.  TDC  Digiuli»  stoup  alto  produce)  pcruulut,  but  tbia  U  of  itiort  darmlMni 
and  followed  by  »yttoltc  »Uuiiii<itill, 

Skeletal  MuMM  and  U«Mr  Nerves.— Strong  conccnttBtioiM  of  Bcdnitin  M  ia^ 
fltimuktc  and  titen  pmTftlj'xe  the  muior  ntivn  peripherally.  Tbc  tdmalation  li  nuuit' 
fat«d  by  jSMUary  tviUMint,  occurriu^  in  muBclc- nerve  piepanttioa.  ipoaUMOiuly  oc 
tapeaaily  after  MimuUlion.of  the  nerve.  Tbc  threshold  of  ttimtiUtioii  is  lowmd- 
The  Iwltchinp  do  not  occur  alter  curare,  and  mu^t  iliereforc  be  in  tbo  tadlnp.  Tbtjr 
may  lie  9cea  in  living  animaU.  The  »ubiequ«nl  pantyui  o(  tbc  nerve,  utd  e^■cnl1l■llr 
of  the  TDuide  KuhbtADoe,  can  not  occur  durinff  Itf^  snoe  the  dcoc  and  the  time  reauina 
are  )trc«irrlli»nwliHt  would  paralyse  tliehna<Uaftung,  ipii).  The  allied  Dc^iiniiw 
liawevct,  has  been  recomroended  na  a  »ub»titute  for  curare  in  frog  work  (SchiUcT,  1904). 

lomoria  and  j^uits  are  alio  killed  by  aconite  (FItmlnit). 

Kn^imiaiL. — Tbli  is  progreuivtly  Mowed  in  prvpoition  to  tbe  doK  (Fleming). 
It  i«  also  labored  and  the  Inter  stages  become  irregular.  The  ilowiag  bean  K  Mpcr- 
ficial  rcRemblsncc  to  that  of  vifah  stimulation;  but  since  It  occurs  alao  after  section  o( 
the  vaigi  [Boehro  and  Wartnuuin,  iSij),  it  mu5t  be  due  to  direct  deptcMioa  of  tbe  le- 
»mr>t(iry  center.  It  is  characterixecl  by  longer  expiratory  patueb  PtiRiSiy  facrMM 
of  mpiration  has  been  claimed  (Ca&h  and  Duiutan;  .\nrcp):  but  it  b  UIuJl  ud  incon- 
ttnnt,  and  probably  due  to  other  factors  (IlartuoK.  i9t}]- 

Temperature.— This  falls  in  severe  poisoning,  bccauK  of  the  collapM  ud  COM*- 
quMt  paralysib  of  lieat  reguluiion.  The  tenqientarc  of  the  animal  falls  aad  (Imi  oith 
me  external  Icmperaturc  (Brunton  and  Cosh,  1SS6). 

Summation  ot  Dosage.— The  inllucnce  of  this  on  temperature  ha«  bran  studied  by 
Cash.  1Q06.  He  fouLiJ  an  imperfect  tummaiion  of  eflect  H  the  dow  l»  repeated  at  nft- 
cienlly  close  interval.  But  if  this  exceeds  two  hours,  the  later  dotes  may  produce 
actually  les»  effect,  {.«.,  the  lemperaluro  may  not  fall  u  low  as  with  the  firat  doae. 
RtptMrJ  adminislritlhn  produce*  some  tolerance  in  rabbltd  CUatlUtiK.  tytj). 

Reflexes. — Tlicsc  arc  diminished,  on  account  of  the  senioty  pindysB. 

SYMPTOMS  OF  ACONITE  POISOHIHG  IV  HAH 


With  very  large  doses  death  may  occur  almost  instantly — 'probablj' 
from  pamlyxis  of  the  heart.  With  moderately  toxic  dosea  the  foUovrin^c 
picture  is  seen:  Tingling  in  mouth,  stomach,  and  skin  (the  most  important 
iiapioilic  ffatUTf);  ^xceiiwe  salivation;  nau^iea,  retching,  n(MN*/iN^,  and 
diarrhea  (the  mechanism  of  the  eme&is  is  central;  Eggleston  and  Hatcher, 
tQi  5).  The  burning  passes  into  anesthesia.  There  is  great  restlcssocss. 
The  pulse  Is  slow  and  feeble,  later  arythmic  and  very  rapid.  Rrspiratiim 
is  dyspncic.  There  are  muscular  weakness,  incofirdiDation,  vertiga 
The  skin  is  cold  and  livid.  The  pupUs  arc  first  constricted,  then  dilated 
from  the  asphyida  and  convulsiong.  The  iaUUigsiKe  does  not  tisuaJly 
suffer,  but  there  may  be  atu|H)r  and  even  unconsciousness.  The  tpeciti 
sensej  and  sperch  may  be  impairerl,  Cimvuisions  are  common.  Dt^k 
may  occur  by  heart  paralysis  or  by  paraly<4s  of  the  respirator)-  center 
(the  heart  beating  after  death;  Fleming).  The  symptoms  may  appear 
almost  instantly,  and  are  rarely  ddayed  beyood  an  hour.  In  laul 
poisoning  dcatli  occurs  usually  in  two  to  six  hours.  There  are  no  constant 
postmortem  cianges. 


-I 


Eliot«ty. — ActitUnlat  poitantnt  from  tbc  fr«sh  plants — which  a*  mook's-hood          _^ 
the  relat^  larkspur  arc  (juitc  common  in  gardens— as  alto  from  Uaiiaaits,  cu.  ^ i 

r'te  hcqueni.    On  account  u(  the  small  duae,  the  abocncc  of  pottmocteoR  (ifn*.  1 
< 


!  diffictilty  of  cbemic  proof,  aconitio  ha*  recently  become  quite  a  favorite  for : 

purposes.    The  uhe  of  the  plant  for  criming  ptitonint  Is  widely  ifircad  In  the  I 

The  symptoms  Hre  t.o  unmistakable— apedally  the  lingbng— that  II  bu  OM  feraadi 

Ulen  in  cnili^.fvi  counlric*. 

Subtoxic  EUects  in  Man.— According  to  FlemLnfc,  o.j  Gm.  ol  Aconltt  piuftiffy 
agKf*vBdun  of  the  therapeutic  effect*,  of  the  subjective  symptom  and  lethwir  *^^ 
anxiety.    The  pultc  may  either  be  vctv  slow  (to  jo)  and  recular,  or  more  ofjen  ii 
suddenly  to  ;oor  So,  and  lMC0<nMaioaI[,weal:.andmuircor1eis(rrcgular. 
ing  may  occur  without  any  preliminary  slowing.    Robdaton,  tgis.  ol 
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lyttoles  wilhoul  nlhtr  «IIrc».  The  mpiralinn  is  alto  irci'KuIu.  Thr  tcitipvrature  hlli 
further.  Tbero  is  gnitrnlly  vomiting.  These  lymptomi  do  not  entirely  »ub>idc  lor 
one  or  two  dny^. 

Dangarous  ES«cts.— With  dosea  «( 0.6;  Gm.  of  AcDoite,  the  (x>lla|Mc  becomes  pro- 
nounced, with  puli^  sunken  lace,  frolh  at  mouth,  and  eniremc  prostration.  Con>fioii»- 
nCM  rrmajnt.  perhaps  with  ili^ht  delirium.  The  voice  la  vcr>'  w*ak  ot  lo»t.  Tlic 
pal&e  is  vcrj'  small,  weak,  and  irieKukr;  the  respiration  eery  imperfect.  The  tltin  b 
eaU  tad  dummy.     The  patient  mny  recover  vrith  ticalmcnl. 

FkMl  Effects. — The  patient  is  cilhrr  conscious  or  mildly  delirious,  and  becomes  en- 
tirely blind,  deaf  and  specihleia.  The  pupils  are  dilated.  There  aic  Bcneriil  muteuUr 
trcmon  or  flight  convuUlonii  the  heart  Wat  becomes  imprrcrplihic.  The  tcmpcraluro 
cofltioues  to  Tall.     Finally,  the  heart  slops,  more  or  less  abruptly- 

lllefataldoseisuncertain:  According  to  Lcwin,  death  hat  occurred  from  a  to  4Gm. 
of  Aconite;  rcciivery  from  ;  Cm.;  with  a<;onilin,dralh  h;isixcinr<ii  with  4  mg.,  c»covety 
•ritfa  I :  lag.     FoIlierKlIt  stales  that  it  i)  mure  fatui  [or  young  rabbits  than  for  adults. 

Absorption  and  Excretion. —Thcabsorptianorcuri  readily  (ram  mucoui  membrane*; 
alcoh'ilic  and  uily  solutions  ate  ;tbsortird  from  the  skin.  Lewiit  states  thai  It  is  ex- 
creted promptly  by  the  urine,  fete»,  Ntliva  and  intestinal  mucosa. 

Treatment  of  Aconite  Poisoning.^Thc  common  allcaloldal  antidotes 
and  evacuation  should  be  employed.  The  symptomatic  treatment 
^ould  be  mainly  sUmuialing:  warmth,  ainmonla,  brandy,  strvchnin, 
atropin.  Artificial  respiration  is  oitvn  life-saving  (Lcwin,  1875).  In 
cxtremb,  cardiac  stimulants  (epincphrin  or  strophanthin)  should  be 
used  intravenously. 

hAnUgconisBi  of  Aconito  and  Digitalis. — This  was  proven  bj'  FotheiKill,  iS;i,    but 
lako  ihawcd  that  the  effects  of  digitalis  with  ordinary  administtation  ate  too  slow  to 
b«  of  practical  value. 


PKEPAKATIONS — ACONITK  GKOtlP 


Accniiim,  V.S.P.;  Aeon.  Rad.,  fi.P.;  Acortile  (WoUihanc.  Monkshood}.— The  drUd 
tabciou*  root  of  Aoonitum  Napellus,  yielding  not  less  than  0,5  pec  cent..  U.S. P..  0,4  It.P., 
at  alkaloids.     Fmiueotly  cultivated  in  sardens.     All  parts  of  the  plant  arc  poisonous. 

Ext.  AmhU.,  U.S.P- — \  powdered  citrurl,  tepictcnling  about  1  per  cent,  ofalkaloids. 
Owe,  10  mg.,  Ji  gr-j  U.S.P. 

PUexl.  Atanit.,  U.S.P. — About  0.5  per  cent,  of  alkaloid*.  Dose,  «m>]  CjC,  H  minim, 
U.S.P. 

'Tindmrt  Aamiti,  Tr.  Aconit-,  U.S.P.;  Tr,  Aeon.,  B.P.— 10  per  cent,  ol  drug.  0.05 
p«r  cent,  of  alkaloid,  U.SJ*.;  0.04  per  cent.,  B.P.  Miscibh:  with  water  or  ale.  Oon, 
ojcjc.,  5  minims.  U.S.P.;  0.1 1  too.jcc,  j  to  5  minimi,  R.P.  Maximum  dose,  o.s  cc, 
8  mJailDS.  Th«  tiDCtura  of  the  older  pharmacopdas  were  of  different  xlrength:  jj 
pcrccnl.  In  U.S.P.  until  1890:  5  per cenL  in  B.P.  until  tgi$. 

Im.  Ac«n.,  B.P. — o.:  per  cent,  ol  alkaloidt,  \pa  txKL.  of  cuophor,  in  alcohol. 

AtmMtui,  U.S.P.,  B.P.;  Aconllln,  CiJI.jNOt.— The  noat  active  "cryftalUnc" 
acooilin.  Very  slightly  soL  in  *ater,  sol.  in  ale.  (1  :  iS).  Don,  0.15  mg.,  ^oq  p., 
XJS.V.;  maximal  do$t,  o.j  tng.,  ^jgo  gt.    !U  iiHemat  lut  it  nal  adamblt. 

Vni-  Ac«nilin,  B.P. — 1  per  cent. 

Ddpiauium. — The  various  species  oi  Larkspun  contain  alkaloids,  which  arc  clowly 
idated  to  .\cociitin,  chemkaltyandphannaeiolo^olly.  They  have  often  caused  poison- 
lag  in  children  and  la  cailTe. 

SisMMfria,  VS.P.;  Sl«pkiiajt.  Stm..  B.P.  (Stavesacrej. — The  ripe  sMd* of  Delphi- 
aima  StapIuMgria.  Diu,  0.06  Gm.,  1  gr.,  C.S.P.  It  is  used  locally  against  pedic- 
alosb  <«^tit  or  putrfs.  In  the  form  of  the  to  per  cent.  Ointment  (B.P.),  or  as  the 
FloMlextract  (IT.S.l*.)  diluted  uiihS  to  10  parts  of  soap  hnlment.  It  causes  coDiidcnble 
local  irritatioa,  aod  tontetimcs  eczema  (Lcwin). 

PUett.  Stcfkuat..  U.S.P. 

Vtit.  SutfUnt.,  B.P. — to  per  cent. 
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VERATRIN  (CEVADIM) 

General  Statement. — \'arious  species  of  Veratrum  (Green  and  White 
Hellebore).  Cevadilla,  Zygadenus,  and  other  Liliaceous  plants  contain 
mixtures  of  related  alkaloids.  These  are  esters  of  definite  bases  and 
adds,  related  to  Aconilin  both  in  structure  and  action. 

"Vcrairin"  is  a  mixture  of  alkaloids,  extracted  from  "cc\'adilla" 
seeds,  which  owes  its  activity  mainly  to  Cevadin.  It  must  not  be  con- 
fused with  Veratruni  and  its  active  constituent,  Ptotoveratrin,  since 
their  actions  differ  in  important  particulars. 

Veratrin  produces  a  characteristic  prolongation  of  muscular  coninic* 
tion  of  considerable  physiologic  interest.  Therapeutically  it  is  rarely 
used  as  a  counterirrilant  in  neuralgic  conditions,  and  as  a  parasiticide 
against  pedicuJi  capitis. 

Composition  of  Veratrin.^Tbis  hu  been  itudicd  npccially  by  Wrigbl  and  LoS. 

J878;  niiil  Allen,  iM- 

The  prin^ipiil  tuHsliliifnl,  botb  in  (luanlity  and  action,  is  the  crystalline  CtMJm, 
CiiIInNOt,  the  mclhjlctoionic  ester  oi  the  base  ceviti.  It  it  Hal  ptwent  in  S'etMnim 
sibum;  traces  ate  »aiil  I0  occur  in  \'cratrum  viridc,  but  this  h  doubtful. 

The  Mcond  important  ailidoid  of  "voiatria"  Is  the  amorphoiu  VtrolrUim. 
Ci)U(iNOii,  the  vcrairic  cstet  of  verin.  This  U  the  "v«ralrin  of  Wrifht  aad 
Luf!. "    Ili  effects  A^nt  qualiiativel/  with  those  of  cevodin  (Boehm  and  LbtMiet)- 

Thc  commercial ''  veratrin  "  conlains  ^mnll  quiinlitics  of  al  least  thm  other  alkaloids: 
CevadiHin.  Sabadin.  and  Sabudinin.     AH  these  are  but  weokty  active. 

ZygadenuB  (IJcaih  Camns),  LUiacca:,  a  poison  plant  of  Weslern  stock-rangn,  OTO 
iti  Icixidly  lo  vcrairin  bai^ei.  It  contains  at  least  sabiulin.  uibndinin  and  veiuislbui 
(Sladc,  1905!.  The  action?  of  ihc  ZyKadenus  ilkaluiiis  bave  bci'n  vludiedby  MiUbcfl 
and  Smith,  igii.     A  comprehensive  literature  is  given  by  Marsh  and  Oawsoo,  t9»(. 

Action  on  Striped  Muscle. — This  consists  in  a  characteristic  modi-^ 
fication  of  the  muscle  substance,  so  that  it  responds  by  a  prolonged  ton" 
contraction,  even  to  a  single  stimulus. 


PM.  ll.^Norcul  vcrmtrin  cnryef,  ttiowins primary  (a 1  acuS  •MOodafT  A.....1  oscti 

Cwtfoencmii  of  diflctcnt  hogt.  mix  l«mp*ratur«.  natural  ~ — 

Pkfnamemi  in   Inla^t  FrDgj.^Wheri  an  aiumal.  nod  especially  a  frog,  has 
poisoned  with  veratrin,  it  shows  very  slrikini;  peculiarities  ID  Its  mavcracatts.    It  1 
coniiaci  its  muscles  with  oriinary  quickness,  but  it  can  Dot  teoova  its  lonner  porillOB 
tot  tome  UtUc  time  <v.  Bcxuld,  1S66). 
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Pvim  «f  the  MukU  Cune.— The  reason  lor  ihU  behavior  «n  be  demonMratcd  on 
IMlHtrd  [dukIc.  Frogs  ore  matt  COo\cnicnt  fat  this  putpoic,  but.  Idonticnl  phiMiomcna 
.flOCUcin  niiiiTimnlian  muscle  (QuB^ariello,  igij):  Ifn  veralriaixcd  mu^olF  i;  itj mutated 
«Iih  a  linglc  nhock,  (be  usccat  of  the  musde  curve  is  a$  abrupt  us  usunl,  but  Ibe  rclaxn- 
tkn  U  tnormouEly  prolonged  (Fig.  ii).  The  muacle  rtmains  in  whal  appears  10  b« 
conplete  teUnus,  fttlhough  ii  is  really  a  single  contracUon. 

Tht  Comlraclurc  is  not  ii  reSanu!. —  U  the  nerve  o(  a  norniii  iq usclc- nerve  nrcparnlion 
it  Uid  on  Ibo  veratrin  muscle,  a  single  shock  sent  into  (he  lutlet  cuuacs  a  siat^iv  IwiUb 
of  the  DOrmal  muscle,  arvd  out  a  tetanus  as  would  be  the  cose  if  the  I'cratrin  muscle  weie 
TciUy  tcUaized  (Fick  and  Boebin,  1871). 

Thr  Ccniiacliire  it  Active. — The  muscle  is  able  to  sustsio  a  considerable  weight 
throughout  its  contraction;  the  prolongation  of  the  curve  is  therefore  not  due  to  a  mere 
loss  of  elaslidly,  but  h  an  active  process.  This  is  also  shown  by  the  fact  that  the  for- 
mition  ol  beat  and  the  use  of  material  is  increased  (I'*ick  and  iloehm).  The  tension, 
the  height  and  quickness  of  contraction,  the  irritability,  (lie  lifting  and  sustaining  power 
of  the  muscle  ue  aJI  raised  by  veratrb  (Ute^r.  tSqo).  so  that  we  must  took  upou  Itft 
Ktion  as  an  increase  of  functional  octii'ity.     It  also  lessens  the  ctfccts  of  fatigue. 

l«fiiitnuofC«ndilMns. — ^TheetTecl  of^vetalriaisenliaaced  by  agcncks  wweh  siiam- 
talc  the  muscle,  such  as  moderate  heat- 
It  is  iliminiihed  by  depression  of  the  muscle,  produced  by  cold  or  exoesive  Yuat; 
by  fatigue  (Fig.  ji);  or  by  muscular  depie»s«n is,  such  am  potassium  or  ether. 

(If  Iht  vemtriu  action  is  weak,  cold  increases  the  contracture,  probably  by  adding  Its 
own  Goutiacture  to  thai  of  the  veraliin. — Sollmann.) 


r 


-SScci  of  Jatigde  <ja  ver«tria  cofvp:  a,  normal  vmtrin  ir^cioM,  ^'  Mftflr  narllal  latioiw; 
tl  natural  >lK. 

DoMt  Peak  dove. — A  carcfut  inspection  of  vera trin -curve*  gnienilly  rcveaU  two 
cootnutions  (Fi^.  II];  3  priffl&iy  cootraction  (iiLwIiichucoit*  with  the  normal  rapidity, 
but  b  Mmcwhat  hiijher  Inan  normal,  and  which  tends  to  relax  quickly;  and  a  secondary 
contraction  (6),  which  occurs  more  slowly  and  lasts  lonRcr.  The  two  contractions  ate 
ranreor  lc«s  fuMd  (v.  Becold),  hut  thi;  form  varies  with  condiIiun^  (Mostjiuki,  1004). 
Ov<rend,  1889.  attributed  this  phenomenon  to  the  different  contraction  velocity  of  the 
white  and  ted  muscle  libers.  Ccricllo  and  Wctss,  iSqq,  showed,  however,  that  uniform 
OMMcles  exhibit   the  tame  phenomenon. 

BvltMn.  1901,  suggested  that  the  vcratrin  curve  ic  due  to  the  fusion  of  two  contrac- 
liaiui;  the  fim  peak  rfprcscnling  the  normal  contraction  of  the  fibrils,  and  the  further 

Clon  <<[  the  curve  the  contraction  of  the  sarvuplusmic  substance,  which  he  aiaumci 
the  properties  of  smooth  muscle.  According  to  this  the  vcratrin  action  would  con- 
uit  essentially  in  raisinx  the  excitability  of  the  sarcoplasmic  substance  above  the 
tbr«hold.  There  i»,  however,  no  direct  evidence  that  the  sarcoplasm  has  contractile 
functions  (Mueller,  190H);  and  the  modem  theories  of  muscle  contraction  tender  this 
very  improbable.  U'oebbeelte,  lyij,  has  modified  the  tlwoiy  somewhat.  He  helicvcs 
that  muscle  has  two  distinct  functions,  but  that  ihcie  ore  not  specifically  connected 
with  the  hLslologic  constituents.  VcrtjLr  and  Fcllcr,  1914,  attribute  the  action  to 
increased  scnsitivcnctts  to  notmal  stimuli. 

Vftiilrin  Otis  directly  on  the  muidt  tubstanct.  for  the  effects  occur  after  curare 
(Prevnst,  t8A;).  and  in  the  ncrve-frcc  end  of  the  sartorius  muscle.  When  a  muscle  ift 
■minencd  in  a  dilute  solution,  a  siuiile  stimulus  produces  at  lirst  n  normal  contraction, 
tb«n  fibrillary  twitching  ('Lamm,  191J).  The  excitability  of  curariicd  muscle  to  direct 
dectiic  (timulation  is  nol  increased;  it  is  diminished  by  large  do*cs  (Rochm,  1913). 
XjtfMtkxcsaf  veratrin.  \towi;\'ci,  patatyte  iht  moU'r  mdinp  without  previous  stimulation. 
Spmtanttmt  CotUracli^m  nj  \fuuU- — The  immersion  of  a  muscle  in  veialrin  causes 
4llo<wl}r  developing  contrartu'tc,  even  in  the  absence  of  spoiilanrousstimiiLilioli.  High 
conccfitmioiu  faralytc  oJf  farmt  0/  mutiie  completely  (KueUiclur,  iSjO). 
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Other  SubstiBcei  Producins  VeratrEs  Effects.—The  proliMi«ed  coalncttiK  miiA 
h  so  tharniti.-ristic  o(  vcrAliiii:  J^  liy  iiu  tni-an^  cuniiitcd  to  Uiii  alkali^,  but  it  idMtM- 
<lucoil  by  UigiUlin,  Ildlcburcin,  Muicarin,  Sli>>!imn;  by  iiUI<b}-di  (Vcrzit  and  Fdln, 
igt|).  rlc,  by  cold,  and  by  vcr^-  ntroDg  ekctik  alimulalion.  Tbit  vidtetauraa 
signifies  that  Uie  phetuiQKDon  ii>  of  fundamc^iitA]  pbyiiolosic.  intpattuicc.  Tint 
mwium  also  proloog  lh«  coAlrfeclion  ol  cardiac  and  smotlk  mmtiUt. 

The  Action  of  Gly«rin  m  MhscU. — The  musde*  of  frogi  prnMon)  mth  iji^ 
mpnn<l  lo  ^initle  bllmutl  by  prolon^d  contmcUon,  Ihc  curve  hsvlog  a  H^Mcnl 
mcmbbnce  lu  ihai  u(  vctatrin,  but  hung  rather  more  irreituUr.  Tbc  slycnin  cmIuc- 
tion  U,  hawct-cr,  a  true  tet&nus,  due  lo  urtAlrt  irriubility  oi  the  muwie  MbM«m:ll' 
action-current  of  «ach  contraclioa  sufficinjc  lo  »lart  another  ■:onicmclfoa.  The  p^ 
nomenon  occurs  also  after  curnriuttion  fSantruon,  iqoj). 

Herve  TruiAs.— Direct  application  of  veratrin  lessens  their  wciubilily 
(Boehm,  nji.i). 

CircuUtioo. — The  effects  are  complex.  Thosf  on  excised  bevt) 
resemble  aconite  and  digitalis  (slowing  with  increased  systole).  In  tDtacl 
animals,  stimulation  of  the  vagus  i-entcr  (Fig.  15)  i>redominato  at  ^^ 
(marked  slowing);  later,  the  fall  of  pressure  from  vasomotor  panlj"*"* 
becomes  prominent. 


W 


Cc^;Jl\;^». 


Fio.  t 


the  itimuliilian  of  iKe  nait  * 


■i.— CM-»tfin  <Vtnilr<n)  on  BlowJ  pmaurc;  ahowiu  the  itimu 
iDtravHioui  tnffCtian  ot  0.01  nv,  on  1C«.  Into  ■nMtb*t>Bd  dag; 

Mammaiiiin  CiVfjiiadon.— Small  dosei  someiimM  cauM  primary  rtulckenlng  *'*--— 
h«irl.     With  larncrdoKn  (0.035-0.05  mg.  per  Kg.)  there  ia  sudden  and  marked  tlo*Q^ 
with  cortnpundinK  fall  of  blood   prtwure   (Bejold  and  Hirt,   ■8;4i  LiMauet,    *^^ 


Pilcbcr  acid  SoUmonn,  1915). 


The  alou-iDii:  U  Kr^aleat  cooa  after  the  in>c(tioa,  ^    . 
Tliii  acute  effect  is  due  lo  tiiinulaii^'l. 


with  marked  nrythmia  or  temporary  tnsi.    Tliii  acute  eOecl  is  due  lo  tliinulau^^f 
the  viiaus  cenler  (»ec,  however,  under  Veratrum),  for  MCtion  of  the  vajS  tatgely  aboU^JT 


it,  and  iitimulatlon  of  the  vagus  trunk  does  not  produce  further  idawiiiK  (^'■^^^b^ 
1907).  With  divided  vagi,  large  doses  may  cauM  primary  qiuckcninc  and  S(*^T^ 
moderate  rlw  of  blood  nrcaiurc  (BnKild;  Pilcher  and  Sollmann).    The  (all  o(  blood  p^ 

: :-<..  J...  ..  ,\.\  _i I I.I I f.ii -.u...:_j..«^..t_>i.. /I  XmtiMPi 


sure  it  ( 


ii  mainly  due  to  the  kIowIiik,  olthouRb  some  (all  may  oceur  indcpendeDtly  {Lta^J^, 
The  vasomotor  center  it  modcratcK-  ilimulated  by  the  re^ralon  cmbamBtf"^ 
eveo  when  the  vaei  are  t\i,\      The  stimulation  do»  not  occur  if  arliadal  iMpIralit' 
maintained  lIHlcherandSollnunn,  igis).    RrnexttitnulaiioncauKsvaMKonstricifca- 
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tale  BSttU. — The  knitc  cflcct  toon  po^ie*  off.    The  heart  Ibcn  b(«l*  with  a  McKty. 

Irratciy  tluvfd  rale.     This  tlowing  U  not  removed  by  atropla  and  ia  tbcnfOM 

liac. 

The  blood  proMire  fnlli  profpcwivcly.  occuionallv  intemiptcii  by  Rpusiodic  rite 

n  c«Dlral  vaMBiolot  ftimulalion.    The  tiicngih  oi  the  liearl  i>  not  Inpalnd,  (or  It 

Is  weB  tocooBptesstOD  tA  th«  aotia.  uml  bests  «lIidEiilly  ju»t  beCote  deitUi.    The  (all 

It  tlMrebm  be  nMmotor;  and  xccofdingly,  tciaiic  KiiinuUiioa  or  uphyxla  faila  to 

r  the  prc«aure(LI«iaucr,  iSS;}.    The  vaj[u«  rtmaJna  cxdlablc.   Th«  cerebnl  vMMb 

constricted  (DUon  and  llalljburton.  tqio}. 

Tht  JMtalti  m»mm«IUt  heart  (Itcdbom-Langendorfl)  tbow»  a  primary  slowing  from 

wlMioa  of  the  peripht^ral  vuciu  mechanism;  then  irrcgtilarlty,  and  llnally  pMvlyds 

he  cardiac  miMclc.     The  tone  b  incrcoMd. 

Prof't  //nirf .—The  effects  resemble  aconite  and  digitalis.    They  involve  maialy  the 

tiide  and  consitl  ia  tlowing  (no  (urtbcr  slovdag  on  va^us  tttmulsiioni  Btuatiet, 

7);  praioaged  >]r*tolc  and  inaeoM^l  tonti*;  sudden  chanke  in  the  rate  to  one^naU; 

^riatallic"  contractions;  and  fiDal  median  slandstUl.    High  conccnlra lions  caiiM 

npt  urstoUc  rtanditiil,  with  oonlinued  ihorlcninK-    The  auricles  continue  much 

[er.    Tbc  tome  cSccts  occur  on  the  cxcueil  and  pcrduod  heart  (Liuaucr,  iSS;; 

*m,  lotjl. 

CoUapa«  Actioa — The  impairment  of  circulation, combined  with  tfaeemetic  action, 

ill  in  varying  dcgroei  of  oollapto,  and  thereby  (all  o(  temperature,  analogotit  to 

strum, 

Rojpbulion. — This  ii  ioSuenccd  by  the  circulatory  »nd  convuUive  actions,  and  also 

xtly.    It  it  tcmpoiarily  arrested  during  the  acute  (all  ai  bloott  pressure,  but  may 

JeprcMcd  without  any  cbaD^  o(  blood  pressure.     The  reipiialury  embsiraMment 

CDeralljr  diminished  by  atropin  or  division  ol  the  vagi  (Pilcher  and  Sollmonn,  191  j). 

BfonfU^  J/tuJ/j.^The»c  constrict  in  intact  animals  (Dison  and  Brodie),  but  not 

be  etdaed  trachea  (TrcndelenbtLtg.  igti).    Titone,  igtj,  observed  that  veratrin 

Ked  isolated  breoicbia]  muscle. 

DooTnliioBS.— Thew  src  coBiaioitly  pttscni  in  mammsls  and  frogs,  and  arc  piob- 

meiiulljLry.     Rabbits  and  guints  pig*  show  convuUvii  "buclting." 
l^ebral  Ftmctieoa.— These  an  satcely  aSected. 

Local  Actioo.— Ccvndin  is  a  sirons  irritant,  resembling  aconite. 
>lied  to  the  skin,  it  produces  burning,  later  a  cold  sensation  and  parlial 
stt>c»a,  vritli  retUk'ning  and  somelime.i  discrcle  vesicalion.  On  murouit 
nhrancs  it  causes  ziculc  catarrh — sne<.-zing,  cor>-za,  gastroenteritis, 
liiing,  diarrhea,  etc.;  somelinies  with  conxjsive lesions,  ThuvomUini;, 
>«ver,  is  mainly  central  (Egeleston  and  Hatcher,  1915).  In  frogs, 
secretion  of  mucus  from  the  skia  is  greatly  increased. 

I'll*  Irritation  is  especislty  stroiu(  00  the  abraded  skin;  i :  100,000  solution  produc- 
tln^ing  and  "sfaooting"  pain  (Sollmana  and  nichcr,  1916). 

Therapeutic  Uses. — Veratrin  is  used  locally  as  countcrirrilant,  in 
Lralgiu  and  similar  conditions,  as  2  to  4  per  cent,  ointment.  Sabiidilla 
ds  are  employed  against  pediculosis  capitis  (Salve,  i  :4',  Decoction, 
'oo).  The  irritation  h  severe,  and  absorption  has  causetl  serious 
aiptans.  The  internal  use  of  veratrin  (a^nst  fever),  even  in  mg. 
^  has  produced  gastroenteritis. 

JUsorpdon  is  ataii;  little  is  knawa  about  the  txtrttun,  but  it  probably  occurs  by 

■  tiilntyi. 

SnipiMU  of  Poisoelag  ia  Haa.— These  resemble  aconite  nolsoning. 
Isty  coBstst  ia:    Burning  in  mouth,  spreading  tostooMClii  increased  salivation, 
■Iliac,  diarrbca,  abdominal  pain;  anxiety,  hcadaclie,giddiness;  pupils  dilated;  pulse 
iWaniTtrrbk,  later  irregular;  weakness,  twltdiingt  1b  muscles.    Death  by  respiratory 

■  tirculatory  collapse.  CoDsdousness  pttservra  till  the  aid.  Postmortem,  olten 
estinal  ccchvnxMea. 

Ih  HOH-ftlM  ioi«t,  the  symptoms  are  very  slow  In  dlsappearbg,  and  a  double  case  o( 
BfoiMnimg  by  continued  small  doses  is  on  record:  Tbc  two  potJeots  became  very 
4  aad  tUn,  suficrid  tma  bloody  diarrhea,  iosomnia,  ditturbonce  a(  the  intellect, 

■  dtttritim. 
Tbr  r/ijfoMoJ  is  the  same  as  in  aconite-poisoning.     As  the  veratrin  b  believed  to  be 

led  through  the  urioe,  it  is  well  to  admiaister  hot  tea  as  a  diuretic. 
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PREPARATIONS— \'ERATWS 

Vtralritia,  D.S.P. — A  mixture  ol  AlkaloldK  nhuincd  (rora  tlie  nxdi  d  Aucraft 
officinalis.  Very  slightly  sol.  in  water  (i:i;6o);  freely  »o\.  in  ale  (iti.S).  Its  iotcrail 
UW  Is  not  ndv-itAblc,  but  it  has  ticcu  given  in  data  ot  z  mg.,  ^g  gr.  Extcm»lly,  it  it 
opplicd  as  oiutmiTits  ot  2  to  4  per  cent.     Maiimum  dom,  $  m^..  t^'  j  kt. 

Imtil  Powder, — The  tlovTErs  of  Chiysanthcmum  Cinncinrinfolium  coatain  u  active 
prini'Ipk  Pyrvtiirun  fFujilani,  1909),  a  neutral  N-(ic«  tiynipy  mbitance,  wltb  actlOM 
apparently  rcscmbiing  verntrin. 

Andt'intrdotaiin. — Til  is  fa  nn  N-free  nciilr&l  principle,  isolated  by  nuxge  from  nM«- 
icndron  nnd  similar  plants.  It  seems  to  bL'toug  tu  this  group  (MoUDtain  uurtl-Ralmla- 
poisoning;  Crawford,  1908). 


VERATRTJM 

General  Statemeat. — Veratrum  viridc  and  album  (Green  and  White 
Helleliore)  seem  to  be  mere  varieties  (the  green  Americin,  the  white 
European),  with  practically  identicai  actions  and  cotnposition  (Salzbcrger, 
1885-1890).  They  owe  iheir  activity  mainly  to  the  alkaloid,  frDtowra/rtN. 
A  number  of  other  related  but  less  active  alkaloids  are  present.  There 
are,  however,  wide  dlSerences  of  opinion  as  to  Che  coostituentsof  Veiatrtim 
viride  (Cramer,  1915). 

The  effects  of  protoveratrin,  and  therefore  of  veratrum,  are  qualita- 
tively similar  to  those  of  cevadin;  but  tiiey  differ  very  materially  in  their 
relative  significance:  The  characteristic  musctdar  and  irritant  actions  of 
cevadin  arc  insignificant  in  protoveratrin.  The  most  important  eScets 
of  veratrum  are  on  the  medulla,  and  especially  on  the  circtilatioo,  re- 
stilting  in  vagus  stimulation,  slowed  pulse,  fall  of  blood  pressure,  svreating, 
"collapse-action,"  and  reduction  of  temperature.  It  is  therefore  em- 
ployed as  a  "cardiac  depressant."  Protoveratrin  is  marc  toxic  than 
cevadin,  approaching  aconitin;  but  the  prompt  evactiation  of  overdoses 
by  emesis  (central)  renders  veratrum  practically  safe. 

CooBtituents. — The  most  important  olluitoii]  nf  Veratrum  aJbum,  aithou^  not  tb« 
most  abundant  (o-oj  to  o.ot<  per  cent.),  is  Pralmrratrin,  Ci|f!ii\'Oii-  It  occun  In  a 
oyatalline  anil  amorphous  form  (Salzberjjer,  iSgo}.  The  other  alkaloids  ace:  Jtnim, 
o.t  per  cent.,  weakly  active;  traces  of  RuAiycrrin  (almotit  inactive);  theioactive^Miirff^tr- 
vin  orpruiuvfrHtri'lln.  wlikli  is  pr<>bal)ly  a  dccotn position  product;  tbcglrcoakl  ma- 
tcamin;  and  veratroidin  and  veratralbin,  which  arc  probably  mixture*  of  wnocplioiu 
bases  (Hull.  Am.  Phnrm.  As.vic,,  ion,  p.  161;  Robert).  Traca  of  cevadin  h«Tc  been 
icporlcd  in  V.  viridt,  but  ari;  doubtful. 

Black  B^ebore,  Hellcbonis  niger,  is  in  no  way  related  to  the  above  veratfxim  tf>eci«iL 
Its  Rctivc  principle.  Hetleborcin,  belongs  to  the  Digitalis  group. 

Experimental  Effects  on  Respiration  and  Circulation.— The  typkal 
effects  of  intravenous  injection  of  veratrum  viride  consist  in  brief  but 
narked  depression  of  the  respiration,  slowing  of  the  pul.'ie,  and  lowering  of 
blood  pressure.  These  effects  are  largely  prevented  by  section  of  the  vagi, 
and  do  not  recur  if  further  doses  of  the  veratrum  are  injected.  The 
ret>eaicd  injections  generally  produce  marked  rise  of  blood  pressure, 
especially  if  the  vagi  arc  intact. 

The  effects  are  probably  due  to  protoveratrin. 

Cramer,   1913,  believe?  that  the  effects  are  produced  by  the  slimulatiw  of  th* 
a&ercat  vagus  endings,  producing  rcQcx  inhibition  of  the  ictpitatory  center,  aad  mlhl 
ins  from  there  to  stimulate  the  vaeodilator  and  the  caroioinbttHtofy  centcn;  llieM 
ailctcnt  endings  bdng  then  paralyzed,  so  that  subsequent  injectioiu  becoiiK  incfloctjiv. 
Cramer's  doses  arc  so  dllTefent  fioni  those  found  nccBMary  by  other  tavtilifatot«,  that 
comparison  of  the  results  is  difficult.     Ui»  explanation  i*  probably  correct  as  to  the 
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tepintlon;  but  require  confirmjlion  ns  to  the  cifculnlorj-  chanaw.  At  preient, 
it  H  Mmplcr  tu  luppotc  <iui-ri  '^tiinulHlion  «i  lliv  vagus  ccnlrr,  iiiowing  the  heart 
.TOte  and  thus  lowciinK  the  blood  prcsiure.  Atlenst  I'llcber  nnd  Sollmann,  191;,  lUtl 
not  obiervt  any  si);iii&niit  chunscs  in  the  viuamotor  CMitcr.  The  rise  of  hlnod  pres* 
fturr  on  repeated  injection  is  probably  due  lo  pualysis  o(  the  ctkrdiac  vagtu  t'lidings, 
raulUng  ftorn  lurge  dost^s, 

Jfu^nJlnn.—Sloderutc  doses  of  veratrum  vtridc  <i.;  to  5  mg.  per  kilogram)  injected 
Intra  variously  into  dogs  prixluir  liticF  bul  marked  slowing  or  amst  ol  the  respiraiiun. 
Thb  eSect  i»  ^ncroll)-  absent  il  tlie  laiii  have  bitn  divid«I,  and  may  therefore  be 
Mtfibutcd  to  ttimulation  of  the  ntTcivnl  vAgui%  ending  {Cramer.  1915;  Pilchcr  ind  SoU- 
nuuu).  I9t5)>  Cramer  find;  that  this  don  not  occur  on  rpppalinu  the  injection,  and 
thcrdore  bciicvcE  that  the  stimulation  of  these  endings  Is  foUnwed  by  their  pninlynit. 
He  also  finds  vcratruni  inefFi^rlivc  after  atropin,  winch  would  indicati-  that  alropln 
also  parelym  the  afferent  vajcus  endings.  Very  laige  dcr»«  of  veratnim  dcptcu  the 
tupintioa  oftci  any  o(  these  condiLions,  presumably  by  a  direct  action  on  l}ic  rctpiratory 
C«Btcr. 

Uodtrate  Dosrs  011  Mammalian  Circulation. — In  dogs  with  intact  vagi,  the  intravcnout 
isjtclion  at  vcratrum  Wride.  !.$  to  lo  mg.  per  kilogram,  produces  a  prompt  shnip  fail 
of  blood  prcMurc  and  marked  >>loi*ing  of  the  hi-art,  witn  prompt  return  lu  normal. 
The  fall  of  blood  pressure  b  due  essentially  to  the  cardiac  slowing  through  stimulation 
of  tlie  vagui  center,  for  if  the  vagi  have  been  divided,  ihc  prcssuir  FalU  but  slightly. 
The  efferent  vagui  endings  are  nut  stimulalcd.  Tlie  vasumulur  center  is  not  direclljr 
aSecled,  but  is  sometimes  modcralely  stimulated  by  the  fall  of  blood  pressure  and  espe- 
.eially  by  the  respiratory  embarrassment  (Pilchcr  and  Snilraann,  iqis). 

Wood.  Jr..  igo6.  niso  describes  moderate  (aU  of  pressure  and  distinct  sloning,  but 

ipatcntly  more  pcrsistmi.     Both  disappear  on  section  of  ihe  vagi.     Cramer.  1915, 

not  believe  liiat  the  (jdl  of  nresnitn  depends  elnclly  on  IheslowinK,  but  rather  on 

lilatioa;  (or  he  stales  that  tne  fall  starts  firat;  that  cots  may  show  the  iall  without 

iwing;  that  the  fait  occurs  after  alropln;  and  that  it  is  accompanied  by  intestinal 

latioD.     He  confirms  that  the  depression  of  the  circulntlun  and  respiration  are 

ted  by  section  of  the  vagi;  and  assumes  that  veratrum  acts  by  stimulating  the 

t  dcpteisnni  vagus  endings.     The  effect  docs  not  involve  llie  dcppei«or  nerve, 

vaaodilaliun  occurs  in  rabbits  after  seclioii  o[  the  depressor  trunks,  but  not  aflcf 

jl  were  divided. 

ivaaaanl,  igoQ.  observed  that  cpinephrin  prevents  the  fall  of  pressure  after 
im  viride  (just  as  it  does  that  of  depressor  stimulation).  On  the  contrary,  there 
UMlally  a  rise  of  pressure. 
Rrpeatfd  Doses  ch  thr  Circulation. — These  produce  considerable  rise  of  prci^ure, 
etpednlly  if  the  vagi  are  intact;  lesa  if  they  ate  ih\ided  (Tilcher  and  Sollmann),  Wood 
louod  thai  I hig  occurs  also  after  section  of  the  cord.  It  is  partly  explaincl  by  quickened 
bexrt  rale,  from  paralysis  of  the  vagus  endings.  Cramer  obtained  no  eDect  whatever 
iroin  the  second  injection,  and  believe  that  the  Arst  dose,  after  tirst  stimulating, 
paralyied  llie  vaguh  indiuRS. 

Tttxie  Dosri  OH  Ihc  Circiilalion. — These  produce  at  Qrst  exaggeration  o(  the  vagus 
■timulalion  (marked  slowing,  irregularity,  arrest)  with  corresponding  fall  of  blood  prea- 
Bute.  This  is  followed  by  sudden  enlreme  acceleration  nnd  rise  of  pressure  (partly 
aspbyxial.  partly  spasmodic).  The  rise  may  last  (or  several  minutes,  and  is  succeeded 
Itv  rapid  DFogFCKUvc  fall  and  death.  In  man,  excessive  doses  also  quicken  the  puU« 
rate. 

Cramer  found  the  results  inconstant;  due,  as  he  believes,  to  an  intermixture  oI  the 
Itimulant  and  depressant  affects  on  the  afferent  vagus  endings.  The  blood  pressure 
bay  fall  to  aero,  remain  normal,  or  rlae;  or  follow  the  i-unvuMve  respitaiion.  Toe  heart 
tate  mar  ^  slowed,  but  is  more  oflen  quickcDe<l.  The  inhibitory  vagus  endings  are 
MraljraM-     Subsequent  injections  have  but  little  eilcct. 

SMMCy  Actions. — Dried  vcratrum  or  proloveralrin  are  irritant ,  ptovokloit  sneeciog. 
etc.;  but  in  Mlutions,  the  Irritant  cllectsare  very  slight.  These  have  a  marked  anesthetic 
kCtion,  lastlnit  forly-nght  hours,  on  the  cornea  (Eden). 

General  Sjpmpioms  In  Mammals.— The  first  effects  are  nau»eant  and  emetic,  often 
Kis^-erca;  to  i.bscurt  other  iympioms.  Of  these,  the  respiratory  changesarecharacter- 
btk,  especially  in  rahbif.  tliej'  consist  in  periodic  dyspneic  attacks,  culminating  in 
eonvulaiOM  0/  a  medullary  t\pe.'  The  rcspinitorj'  disturbance  is  probably  due  lo  the 
CombJDfd  influence  on  Ihc  respiratory  and  other  medullary  centers,  circulatory  changes 
and  niuKcular  exhaustion.  In  the  fnlcrvals  the  respiration  in  Tegular.  Dralh  occurs 
laie,  with  the  circulation  fairly  preserved  and  conadouaoeu  ptOMnt  lo  the  end  CBden)- 
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CoUtpse  Action.— Tlie  combination  of  the  central,  circulalorv  »nd 
muscular  dcprfssion,  nausea  and  dyspnea,  results  in  more  or  less  collapse. 
This  and  llie  profuse  sweating  lowers  the  Ifrnperature,  proportional  lo 
the  general  symptoms  (Eden). 

Effects  of  Therapeutic  Doses  on  Man. — Collins,  1915, 1916,  has  made 
an  estetisive  clinical  study  of  a  10  per  cent,  tincture  of  veratrum  album 
with  single  doses  of  1  to  2  c.c.  or  divided  doses  of  i  c.c.  every  hour,  lo  a 
total  of  4  c.c.  Full  doses  prodnce  constantly  a  slowing  of  the  pulse  to 
about  62  per  minute  (irrespective  of  the  original  rate);  and  very  generally 
a  fall  of  systolic  and  diastolic  blood  pressure  of  about  35  mm.  Res- 
piration is  not  disturbed.  Headache,  gastnc  burning,  nausea  and  vomit* 
ing  may  set  in,  but  come  after  the  depression  of  the  circulation,  and  are 
therefore  not  its  cause.  The  effctls  liist  for  several  houis.  I.arge  doses 
(4  c.c.  within  half  an  hour)  may  produce  more  serious  and  lasting  collapse, 
with  a  pulse  rate  of  40  or  30,  suddenly  returning  to  normal  after  eight  ca 
nine  hours. 

Vcratnun  P<^BOtiiiig. — Although  ptatnvcratiin  it  vay  highly  toxic,  vefrntrum  b 
vomited  so  promptly  <hal  death  is  tare  even  withltUBBdaMs(Wi.KKt).  It  ha*,  however, 
been  reported  alur  i  to  )  Gm.  of  ihc  powdctpcl  White  Hellebore  (uliicbisuicdaiiaMCt 
powder),  and  in  cn/ecblcd  putienis  frvim  n  le*!-|"ioon  of  Ihn  Tincture. 

Symptoms.— These  consist  in  burning,  vomiting  and  diarrhea,  dyipfaaila,  celbpte, 
paralysis  or  light  convul^ons. 

Treatment— The  stomach  should  be  emptied  by  w»nn  water  or  lavage,  and  the 
tollapse  treated  along  the  usual  lines. 

Therapeutic  Uses. — Veratrum  is  probably  the  most  active  and  r^ 
liable  cardiac  depressant,  and  was  formerly  much  used  to  slow  and  soften 
the  pulse,  and  lower  the  blood  pressure,  especially  in  cdamp&ia  and  otber 
conditions  of  high  blood  pressure.  Pcsci,  tQo6,y.i.,  claims  that  it  lowers 
the  blood  pressure  by  7  to  50  mm.,  slows  the  pulse,  increases  diuresis, 
and  lessens  uremia.  Haultain,  1914,  makes  similar  claims.  It  was 
used  for  the  same  purposes,  and  to  lower  the  temperature,  in  the  early 
stages  of  sthenic  fevers  (pneumonia)  and  other  acute  infections.  Thic 
effects  are  probably  mainly  due  to  the  cardiac  slowing  from  vagus  stimu- 
lation and  to  the  nausea.  Veratrum  with  other  cardiac  depressants 
has  rather  gone  out  of  fashion — perhaps  undeservedly.  It  ii  conlra- 
indtcated  in  asthenic  conditions  (cardiac  weakness,  genenl  debility, 
typhoid,  etc.). 

Response  in  PalhaUgk  CtmdiluHU. — Collins,  igiA,  obsovcd  the  nMMt  marked  effects 
in  cases  of  hypcrtonus,  the  Bystohc  pre^ure  lalliog  more  than  the  diaicolic.  liitle  or 
no  response  was  obtained  in  nrterinsdcroais.  paroiysmal  tochycxniia,  or  heart-block. 

Diurelic  Action. — This  is  not  produced  in  animals  (Cramer,  1915).  If  it  occurs 
In  eclampsia,  as  claimed,  it  is  probably  due  to  ibe  correcdon  m  tbe  drculsiory 
abnormBliUcs. 

Aibmaiatratioa.-— Veratrum  is  be»t  given  in  repeated  do«c»— 1  ex.,  15  minima,  of  the 
Tintltiri:  (U.S.I'.],  every  half  hour  or  hour — till  the  skin  faeoomes moist,  the  inlMriower 
and  slkht  nausea  is  present.  It  muy  then  be  Mopped.  Caution  b  necCMary  if  • 
lota)  of  4  c.c.  is  exceeded.  If  vomiting  should  appear  before  the  other  cffecta,  j  Is 
10  dropa  of  Tr.  Opii  ore  ndroinistered  with  each  ao»e  ol  vrratrutn.  R«petilfaw  o( 
the  dotage  does  Dot  inhibit  the  action  (u  occurs  with  intnvcoou*  injectiiMu  lo 
animals). 

PROTOVERATRIN 

The  eSecta,  as  described  by  Eden,  i&0'<  are  limilar  to  veratmm,  llie  repotted  difli^ 
enecs bfhig  perhaps  rii>  1:1111111)11;  by  doMiKeanil  Interpretation.    In  naandb,  DodetiM 


dote«  by  vein  produce  tempomry  (a11  of  prcmure,  abwnt  if  the  vagi  wet*  Ctlt.     Bda 
attributes  this  lo  reflex  depressor  stimulation,  but  vagus  sdmulalioD  i*  a  more  pirobafefc 


I 
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i»p<analion.  This  action  Is  shnrl.  the  prcjsurr  riMng  raihrr  f^ui^dfnly  4a  to  ;o  sun. 
nbovp  nurmul,  with  iacriraat!  of  pulse  rs(<.  and  tTicicitability  of  th«  vagus.  The  cue 
ift  prohably  due  to  vngu^  pnrnlj-sls.  This  U  alsa  of  short  duiation.  With  tepcnlcii  inj«- 
tions,  tht:  vui^us  paralysis  b^'omes  permkncnl,  and  tlitr  primary  fall  i>(  prcMUir  li  abiunt, 
there  being  instead  a.  small  rise.  Toxk  Jaset  procluce  caidioc  ary'li'niai  ^>li  periods 
«(  stoppage  »nd  torresnondiiig  changes  of  blood  prewurc.  The  rate  In  the  IntervaJfl 
is  at  nnt  rapid,  then  falls  with  the  blood  pressure.    The  vuoinotot  center  becomes 

Frog's  Heart— The  cSccts  are  mAinly  dcrpressitnt:  thesyf,tfllcH  »te  somewhat  pro- 
longed, hut  the  lone  is  scsreely  increa^.  Soon  the  ventricular  rate  a  reduced  to  half. 
a«  with  rtvadio,  nconile  or  digitalb;  but  this  is  intertuplpd  by  ihort  periods  of  total 
arrest  of  the  vcntiiclc  or  nuricles,  apparently  due  to  exhaustion  of  Ihc  muscle.  Finally 
the  heart  stops  in  diastole,  with  rclalivL-ly  ^mutI  duses  (liochm.  1413). 

Motor  System. — ^In  frogs  poisoned  bj'  protovctntrin,  the  reflexes  disnpppnr  curly. 
Thb  patalyii^  is  largely  cfntrnl,  for  it  occurs  also  if  the  puisoii  is  cxcludnl  from  the  mun- 
clcs  hy  lig.iturc.  However,  Ihert  arc  also  ptripkeral  rfltf.ti:  the  muscici  may  le^pond 
normally  to  a  siogie  stimulus  ot  contract  even  somewhat  more  quickly  and  cllicicotl^; 
but  they  fatigue  very  riptdly  (Kclcn.  1K93).  The  prolonged  contraction  cbaracterictic 
of  ccvadin  ism<licat«d  very  faintly.  If  at  alt.  under  ordinury  condition^:  but  it  may  be 
elldted  in  cxdMd  muscle*  if  preaiutions  ace  taken  against  fatigue  (Boehm.  iqtj). 
Tbe  nerve  trunks  are  paralyzccl  only  by  concentrated  folulions;  the  negative  variation 
la  nid  to  be  prulon^ed. 

JERVIN 

The  effects  also  resemble  vcratrum,  but  the  quantity  of  this  alkaloid  In  the  drug 
is  too  small  to  have  any  ngdceable  effect  on  circulation  (Wood.  Jr..  1006).  With  eSec- 
livc  do*c«-,  the  heart  csle  is  first  sUiwed  then  rapid.  The  blood  prnsure  falls  progrct- 
sivelv,  presumably  hy  depression  of  the  cardiac  muscle  and  vaMmotur  center.  The 
rcspitaiion  fails  simultaneously  (Wood,  1874). 

RUBIJERVIN 

Wood.  1S74,  found  that  "  veratroidin, ''  which  was  probably  an  impute  nibijetvin, 
acted  mainly  on  the  respiratory  center,  with  some  cardiac  depression.  Its  quantity  Is 
aiao  too  small  to  be  important. 


PXEPARATIONS — VERATROM 

Vtratfum  Viridr,  U.S.P.  f Green  Hellebore,  .\mcrican  Hellebore). — Tbedrtedrhiioinc 
and  roots  of  Veratrum  viiioc.    Dott,  0.06  Cm..  1  gr.,  U.S.P. 

Vaattum  Album.  U.S.I*.  (White  Hellebore). — This  is  probably  a  mere  variety  oi  the 
former,  growing  in  Europe.    It  is  used  in  the  same  doses. 

FUtTl.  VtraJ.  Vtt..  V.S.P.—Dosf,  o.t  c.c.  1 W  minims,  U.S.P. 

'TiiKlura  Vrratri  Viridis  (Tr.  Verat.  Vir.),  U^S.P. — 10  per  cent.  Dast,o.s  c.c,  8 
minims,  U.S.P.  Till  igoo,  the  Tincture  was  of  40  per  cent,  strength,  Norwood's 
'Hactare  was  supposed  to  be  a  saturated  solution  of  the  fresh  root. 


COLCmCUM 

Colchicum  (Meadow  Saffron),  luid  its  active  alkaloid  Colclucin, 
are  believed  to  have  a  specific  effect  on  acute  attacLs  of  gout.  Their 
UK  is  empiric  and  has  no  pharmacologic  explanation.  Toxic  doses 
prodiKc  a  characteristic  late  gastro-intestinal  irriLilion,  even  on  hypo- 
dermic administration.  The  action  is  probably  due  to  conversion  into 
oxydi-colchicin.  The  vomiting,  purging,  and  intestinal  congestion  may 
be  fto  violent  as  to  lead  to  fatal  collapse,  so  that  the  plant  (all  parts)  is 
<rf  toxicologic  importance.  The  other  actions  are  relatively  insigaificant, 
but  are  related  to  aconitin. 
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THERAPEUTIC  TISE  IH  COOT 

Colchicum  U  credited  with  prompt  elTecu  nii  ucutc  gouty  attacks; 
rdicvinf;  the  pain  io  one  or  two  hours,  the  heat  and  swelling  subsiding  soon] 
after,  and  the  attack  endiiiji;  in  a  few  days  inMead  of  wcek«.     It  must  bsl 
used  early  and  rather  freely.     It  does  not  prevent  recurrence,  aoon  k»es^ 
its  efficiency,  and  is  often  unsuccessful;  so  that  many  clinicians  are  alto* 
gelher  skeptical. 

HisloricaJ.—Th«  (cxic  properties  of  colclucuni  arc  mcnlioQed  by  Dioscoridn;  i 

H^'  uivfl  against  gout  or  rncumatism  by  the  Arabian  Khoal  (uitccQth  ccnlury).  aa4^ 
rince  then  in  domestic  practice:  but  nM  abftndoncil  in  regular  practice  on  accouni  ot 
its  polsonnue  action,  till  it  ivus  reintn>duoeirl  by  Storrck,  i  jij. 

Attempted  EiplanatJons  of  Its  Vso  in  Gout^-Tbeic  arc  all  uimtbbctoty.    ll 
no  definite  elTcct  on  the  elimination  of  tirine,  uric  acid  or  urea.    Tbc  pulxStiOB 
cuntribule  lo  ihe  relief;  but  it  is  not  esM-ntiitl  and  other  purKStivcs  lack  the 
effect.    The  chiinges  in  the  Icuccx^ytcs  hnvc  recently  been  bvokcd,  but  arc  Dot  ooai-i 
ing.     Cirizublory  nnd  ,inxl^e!,ic  nctions  .-kic  also  unMlisfaclory  su(xatlOBi,  alikCe  ll 
huv-e  not  been  demount  ca  ted  directly,  and  tincc  colcbkum  has  IM>  ^eet  on  «Uv  t'l^a 
millions,  or  on  aculf  or  rhronk  rhcumatk  pain,  ncuratgia,  tie. 

Admini stration. — Tincture  or  Wine  of  Colchicum  Seed  or  Corm,  ha^-e 
been  given  in  divided  doses,  0,5  cc.  8  minims,  every  three  hours  (ad\'an- 
tagcously  with  an  equal  quantity  of  magnesium  carbonate  or  sodium 
salicylate),  until  a  therapeutic  response  or  flight  gastro-intcstinal 
turbance  and  weakness  occur.  Some  disturbance  d(  digestion  and  sof 
stools  are  tlie  rule;  and  in  susceptible  patients  there  may  be  consid«rat'_ 
purging  and  fatntncss.  This  may  be  lessened  by  atropin,  but  if  possibtcn 
should  be  avoided  by  proper  dosage.  A  single  large  dose,  a  Lo  5  cc, 
^  to  1 3  of  tincture  acts  more  promptly,  hut  may  cau*<  severe  nausea, 
diarrhea  and  great  muscular  weakness,  Prolonged  adminbtration  is 
generally  harmful  and  therefore  inadvisable.  CoUhUin,  which  i»  readily 
obtainable,  permits  more  definite  dosage.  It  may  be  pven,  0.5  to  i 
itig-  Kan  lo  i^o  g""-.  ihree  times  daily,  for  one  or  at  most  two  days.  This 
usually  causes  considerable  diarrhea,  beginning  on  the  second  day,  and 
with  its  appearance  the  drug  should  be  discontinued.  The  stools  will 
remain  loose  (or  anulher  day. 

Uetaliolism. — Tbe  urine  sec reiioo  iesDmeliroc^iillghdy  increased,  Minctiaaipeuljr 
diminished,  probnbly  dependini"  on  the  catharsis.  The  tlatementt  as  to  nric  acid  and 
urea  W-t-,  Xoel  Palon,  iMSn;  Mnurel  and  .\rnaud,  1910  ;  .\bl,  1913)  are  10  conir»dic(o«y, 
that  they  can  have  litde  importance.  Willi  ilic  ntodrrn  ixclnrxls  Denis,  1915,  [ouna 
neither  increased  elimination  of  urnlea  in  the  urine,  nor  diminiihtd  concentratioa  is 
the  blood.  The  6i7r  llow  is  slightly  incrrAM^  (Kionka,  x^ob).  For  about  an  hour  after 
administration.  Ihe^iicacy'')  in  the  blood  are  decreased;  Ihii  Is  followed  by  a  remarkable 
increase,  especially  of  the  polymorphous,  which  reach  two  to  five  times  tbc  nomal  ia 
twelve  hours  (Dixon  and  Msldcn,  1903). 

COLCHICDM  POISOKIMO 

Symptoms. — These  set  in  only  alter  three  to  six  hount.evcD  nitbUrscdoen.  Tbey 
begin  with  abdominal  discomfurl,  (ollovred  by  violent  and  unconttoUable  votniUog  and 
purging  and  great  prostration.  The  ^.tooi-s  arc  it  fini  normal,  but  become  dyaenteric 
and  bloody.  They  «re  not  especially  painful  bul  eihau«l[Ds:!<olhal  tlicpslieat  paSM* 
into  co1Iai>sc.  with  the  nervous  and  muscular  syniptonii  olcholen.  Death  ocain  (D 
Mven  to  thirty-six  hours  from  exhaustion,  consdousnci^  being  prc*erved  lo  the  esd. 

The  fatal  dose  varies;  ^  ounce  of  the  Ttncturc  lias  been  laiaL  Till*  wMild  corTe> 
spond  to  about  S  mg.  of  colcbidn;  btit  recovery  has  occurred  from  mucli  larger  doa»i 
prckumnbly  with  imperfect  ahwrplion- 

Treattneut. — This  involves  evacuation  by  emesis  and  catbarau,  il  tKeeasar)',  and 
diuresis.  Tannin  is  a  chcmic  antidote,  but  not  very  effective.  Opium  and  bellMoiim 
arc  given  against  Ihc  gsMroentcritl«,  and  the  collaptie  is  treated  w  lUUal. 


COtCHICUH 
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Aniopsjr  reve&UinlcnM  and  often  lwmuirhii^c*:uiiKCHtian  ul  Ui«  IninllMStMpectelly 
Ihc  ItiAcr  poilion. 

Oastie-iaMstiiud  Tnitatioii.— The  mcuhaniam  of  ihe  inlcnac  conftotinn  miA  viatcnt 
p«fUUlus  hu  been  vaiiou^ly  cipluincd.  They  occur  even  on  pjumliT^tl  udministra- 
tioo,  but  this  hits  no  special  signilicancc,  since  the  coichirin  is  cxcrf-ird  Jnlo  ihr  iotts- 
tincs  (Spcycr,  1870;  Lahorde  and  Houd*,  1887).  The  action  h  not  dirattly  on  the 
muscle  or  its  innen'sfion,  (or  cicisfd  intestine  Is  depressed  in  lone  auil  (■ikut-.i.>in  by 
colchidii  oc oxydicolchicin  (Fuehner  and  Rehbcin,  11)15).  Rooibach,  i8;ti,  slntci)  that 
tbc  motor  rcKponsc  to  the  intent innl  vngns  nr  «p1nnchnic  is  notallcctcd.  The  [lertislencc 
of  vapus  re^ponsi'  b»3  been  coiilicmed  by  t'uchner  and  Rehbein.  Jacob]'.  iSqo,  cun- 
dacted  experiment*  with  inleslineseiposed  under  a  saline  both.  These  ^howed  increiued 
peri^tAlMsiif  ancitm-'kl  lyi'e,  inhibited  by  atropin.  He  concluded  that  the  action  condtU 
in  enormously  heiKhlcned  response  to  the  normill  peristaltic  stimuli.  Dixon  KdA 
Mtldcn,  1908.  ai^o  described  immediate  perielalsisi,  which  was  arrested  by  atropin.  nnr) 
iriilch  they  therefi're  »<liibu[e  lo  parasympathetic  stimulaliun,  Fuehuer  and  iiehbcin, 
1915,  repealed  these  experimtnti,  but  tniled  to  confirm  ihc  rcsulli.  Increased  peri- 
tUuia  occurred  only  exception  ally.  It  appears  therefore  that  the  peristaltic  [ncreaM 
observed  by  Jacobj  and  Dixon  was  uccidenlal.  due  to  causes  other  than  Ihe  culchicuRi. 

Fuehner  and  Rehbein  refer  the  entire  action  lo  an  irritative  cantllary  va.sodilatiari 
uulogous  lo  the  local  actions  elsewhere,  and  produced  by  contact  with  tlicdrutt.  reach- 
ing ihe  intestine  directly  or  by  excretion.  They  find  this  hyperemia  of  the  stomach 
and  intestines  even  with  small  doses. 

local  Action. — Strori);  fuilutlons  applied  locally  to  the  conjunctiva  or  subcutaneous 
tissue,  produce  hyperemia,  irritation  and  aneMhcsia. 

Central  Nervous  System. — This  Is  gradually  pnralyiei)  from  below  upward,  partly 
directly  and  partly  by  the  collapse. 

No  appreciable  direct  effect  a  ciettcd  on  the  circulation  (therapeutically,  it  i*  Mtne- 
what  slowed  by  tlie  relief  of  the  symptoms);  nor  on  the  glands,  striped  muscle,  oT  niatar 
ncrvea  (Rossbach;  Dixun  and  JIalden). 

Explanation  o(  the  Delayed  Action. — The  long  period  before  the  symptoms  appear 
can  not  be  mnlcrially  thtirtcncd  by  increasing  the  dose  (Schorfl  and  Rossbach.  i8o<i}. 
or  by  intravenous  injection.  Colchictn  ilaelf  h.-is  relatively  little  effect  on  frogs;  but 
iU  toxicity  for  these  can  be  increased  50  times  hy  raising  the  temperature  to  J7°C, 
(Saano,  igii).  The  reason  for  this  is.  according  to  J.-icobj.  i8go.  that  it  is  not  the 
colcbicin  itself  which  prodticeslhe  symptoms,  but  an  oxidation  prod uct—oxy-di-colrhicin 
— irhich  in  formed  from  it  in  the  mammalian  organism — even  by  circulatiiiR  It  throuKh 
eiciieil  oc^ns — but  does  not  seem  lo  be  capable  of  formation  in  the  frog's  at  a  low 
temperature.  Once  formed,  whether  in  the  above  manner  or  artificially  by  the  action 
of  oxone,  it  is  toxic  lo  frogii  alMi. 

Bio-assay. — The  toxicity  for  mice  or  heated  frogs  may  be  used  (Fuehner,  roiol. 

coLcmcm  derivatives 

Tile  itruclurc  «(  eolehicin  has  been  eitablished  by  Zeisel,  1888,  and  Windaus 
(Fuehner,  1915).  By  treatment  with  acids,  a  inetliyl  K'!'*"?  i^  easily  tplilolT  as  mcthy 
akohol  and  replaced  by  <}H,  yirldiny  (ckhkcin.  This  and  various  other  derivatives 
have  been  studied  pharmacolopicnilj-  by  Fuehner,  1913.  The  relative  toxicity  to 
various  oailDaU  shows  interesting  di^ervnces. 

PREPARATIONS — COICHICUM 

CoUkici  Cormut,  U.S.P.,  B.P.;  Colchicum  Corm  (Root).— The  dried  corm  of  Col- 
ehkum  .^utumn.ile  (yielding  not  IcM  than  o.js  pec  cent,  uf  colcbicin,  U.S.P.).  Don, 
0.25  (Jm..  <  KT.,  U.S.I'. 

ExI.  CoUJi.  Corm.,  U.S.P. — A  powdered  extract,  i  Om.  r^rcscnting  4  Gm.  of  drug, 
or  about  i  js  per  cent,  of  colchicin.    Dvnr,  0.0O  Gm,,  1  (tr,,  U.S.P, 

Bat.  Click..  B.l'.— The  juice  expressed  from  the  corm  and  evaporated  to  a  soft 
extract.     Dote,  16  to  60  mg.,  Vj  to  1  gr.,  B.P. 

['id.  C«Uk.,  It,?.;  Wine  of  Colchicum.— 10  per  cent,  of  conn.  Dosr.,  o>6  lo  1.8  C4.> 
to  lo  30  minims,  B.P. 

Cmkiei  SmeM,  U.S.P.;  Cilrhui  Semiiui.  B.P.;  Colr.hicum  Seed.  The  dried  ripe 
wed  of  Colchicum  autunuiaJe  (yielding  not  less  tban  0.45  per  cent,  of  colchicin),  U.S.P. 
Dast.  0.3  Gm.,  3  gr.,  U.S.P. 

FM«(/.  Cdck.  Sem.,  U.S.P.— Hm*,  o.a  cc,  j  minims,  U.S.P. 

'Tinflun  CcUhici  Seninii  (Tr.  Colch.  Sem.),  U.S.P,;  Tr.  CMcii.,  B.P.;  Tincture  of 
Colchicum  (Scod^. — roper  cent.  Dosn,  1  c,c„  jo  minims,  U.S.P.;  0.3  lo  1  c.c-,  s  to  15 
nuKinu,  B.P.    Maiimunt  dose,  a  c.c,  y>  minims. 
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ColcAUina,  TJ.S.P-i  CnIIi»N'Oi.— Pale  yellow  unoiphou*  scale*  or  ptlt 
amorpbuus  pawiii'r,  turniii);  darker  on  eiposurv  to  ligbt;  odoHcH  or  n^iny  m.    SeL\ 
in  wnlet  (i ;  ai);  ftecly  sol-  in  ak.     Di>ir.  o.$  vag.,  K«0  Z't  GS-f. 


APOMORPHIH 

General  Statement — Apomorphin  is  an  artificial  alkaloid,  formed  by 
dehydrating  morphtn  through  the  action  of  concentrated  mineral  acids: 

Ci7Hi»NO,-HjO=C,iH„NO, 

MuTphm  ApQinarplua 

This  causes  profound  changes  in  both  the  structure  and  actions. 
The  peculiar  narcotic  effect  of  morphin  is  almost  completely  lost.  In 
its  place  there  appears  an  excitant  cffecl  on  the  nervou»  centers.  In 
therapeutic  doses,  this  is  confined  to  the  vomiting  center,  apomorphin 
being  the  preSminent  centrally  acting  emetic,  useful  especially  for  hypo 
dermic  administration,  in  poisoning,  etc     It  is  not  so  useful  as  a  nauscant. 

The  eniesis  is  accompanied  by  ihe  usual  side  effects  of  vomiting. 
It  often  causes  considerable  general  depression,  and  sometimes  dAogerons 
cardiac  depres^on. 

Smaller  doses  produce  a  prompt  hypnotic  effect  under  certain  condi- 
tions (acute  alcoholism). 

Larger  doses  produce  excitement,  convulsions,  and  death  by  asphyxia. 

Oil  direct  application  it  paralyzes  the  heart  and  Aketetal  mu»clea. 

THE  EMETIC  ACTION   OF  APOMORPHIH  IS  CENTRAL 


The  specific  emetic  action  of  apomorphin  was  announced  by  i 
i860,  in  tnc  same  year  as  the  discovery  of  the  substance  lij'  Matlhl 
and  Wright.     The  emesis  is  produced  by  ver>'  small  doses  and  is 
prompt,   vrith  but  little  preliminary  nausea.     The  (act  that  there  is  no 
evidence  of  gastric  irritation  (Gee.  1869).  and  that  apomorphin  is  more 
effective  hypodermicaliy  than  by  mouth  (Siebert,  1871J  suggei.led  strongljr 
that  its  emetic  action  is  not  a  reficx  from  irritation  of  the  pharyngeal 
or  gastric  mucosa,  as  Is  the  action  of  mo»t  emetics;  but  that  the  apomoc— 
phin  emesis  must  result  from  a  central  action,  a  direct  stimulation  of  thp 
hypothetical  vomiting  center  in  the  medulla.    Other  evidence  also  tended. 
strongly  to  the  same  conclusion.    The  absolute  proof  ha.«  been  brought, 
by  Eggleston  and  Hatcher,  iqia,  who  found  that  the  typical  phenomena, 
of  vomiting  could  he  produced  by  the  injection  of  apomorphin  into  animals 
from  which  the  whole  alimentary  canal  had  been  removed,  from  the  cardix. 
to  the  anus.     These  eviscerated  animals  show  the  retching,  the  vooutins 
movemenls.  and  the  expulsion  of  mucus  from  the  mouth  and  esophagus. 
Direct  application  of  the  apomorphin  to  the  esophagus  or  phar>-iix  doe» 
not  produce  vomiling. 

OTHER  EVIDENCE  THAT  EMESIS  IS  CENTRAL 

Absence  of  Inituit  Action. — Siebert,  1871,  gave  ilitily  emetic  6(ac*  oJ  apomor 
lo  dogs  for  iix  n-CL'lt-,  iiiiiJ  lound  no  iL}!:n.s  ol  any  in  flu  mm  all  on  *!  aulofwy.  Keict 
lijt.  ^hoM'i-d  th:ii  sululicicis  fill  nc>t  producr-  inttLitiun  even  un  Ihc  souitive  conjtuicliin. 

Greater  Efficiency  on  Uypodermic  AdmimstrBtion.— Sicl^ri  and  nil  »um«<)wal 
workers  sliuivnH  ihat  jd ministration  l)y  mouth  rcnuiirs  larger  do«c*  niid  a  lomger  time  UJ 
produce  voniilijiK.     b^KKlt'iton  and  Hutchvr  (ouiid  tliut  do|ts  ttQalrc  bv  vda  oalj-  Hill 
of  ih«  of»l  doic,  nnd  vomiling  occurs  in  one  half  ihc  time.    The  effective  thne*  »!•] 
(milUKrami  per  kilo):  by  mouth,  5.7  infouitolcn  minuleii  hypodermic, 0.1  in  I«i»i 


APOMORPHIN 


oo^half  to  tra  mtnutts;  IntnmuscuUr,  o.oj  lo  o.ojs  in  tlim  lo  ttvta  minuln; 

intravenous  (without  ;iiicilhpiia),  0.05. 

Division  of  Both  Vagi. — These  constitute  the  sole  afferent  p8lh»  for  tli«  rcflut  of 
Iocs!  I'ltictic^  (Opoiic!t<jw«ki.  iHSg).  With  locally  acting  emetii's  therefore  vomiiing 
on  not  occur  if  both  \'ngi  arc  di\'idc(!,  but  this  does  not  prevent  the  Bpomorphin  emeox 
(Sicbett,  Hamack,  and  others;  theconcrnry  results  of  M>ine  <nve«t!|;ations  ai«  ezplalBed 
by  eiperimentul  ertors—coDstruincd  positions  of  auimuls).  The  spliiDclinics  do  not 
canv  MiHorv  fibers. 

Apomofpliln  Is  Not  Reexcreted  Into  Stomach.— Many  locally  aciiuK  emetics  pro- 
duce vomiting  even  when  injectwi  hypodermic  ally  or  intravenously,  by  being  excreted 
{■to  the  \aliva  or  stamnizh,  <ind  there  producing  the  locnl  action,  nlinough  this  nHliiraUy 
requires  Uncor  doses  thuu  oral  iidniinislrali'>n  (Tnrtar  emetic,  etc.;  Klrimann  and 
SimonoH-itich,  iSji).  Reichcrt  believed  thai  apomoiphin  is  alio  reilxcreted;  but  Ihit 
could  not  be  confirmed  by  subsequent  wottcrs,  and  has  been  di&piovcd  by  Kgglcslon 
and  Hatiher. 

Movemeatsof  Stomach  in  Emesis. — Thisbosbceniavati^atedincatsby  theX'Cay 

'^od  (Cannon,  i89f>).  The  siime  events  (oHqw  apomorphin  and  mustard;  the  finl 
1 19  total  inhibition  of  the  tune  of  the  cardial  purlion.  u-hich  liecome^  a  fiaccid  hig, 
pyloric  end  is  shut  of!  bv  n  deep  contraction  ring.  The  contrnls  arc  then  expelled 
Ridden  coDliaction  of  l!io  diaphragm  and  abdominal  muscles.     As  the  eipulMons 

Mpeated,  Ihu  gastric  walls  lii^hten  around  the  remaining  contents. 

Replacing  Stomach  b]r  I^'s  Bladder. — M.tgcndic  found  apomorphin  effective  under 
thitconditi'in  (Magnus).     This  would  not  exclude  the  pottslbullyolinleslinal  irritation. 

Direct  Application  to  the  Vomiting  Center. — Thumns,  1891,  found  tliat  the  applica- 
tion of  .iDoinomhin  to  a  limited  area  of  ihc  mcdullx  produces  vomiting. 

LocUion  of  the  Vomiting  Center. — Opt'nchuwski,  18B0.  believes  thai  the  center 
■CtnaHy  stimulated  b>'  apomorphiii  lies  in  the  corpora  qundrigcminn,  and  that  Thuma* 
mmulftled  merely  the  elleient  fibers  on  Iheit  »ay  tolhe^planchuics.  He  also  believe* 
that  the  quadriuemina  arc  not  Concerned  in  letlci  vomitinK.  The  nature  of  the  centra] 
connections  of  the  vomiting  reflex  is  too  obscure  (or  further  discussion. 

movements  o(  Excised  Slomach.^Schulti,  iSSft,  found  that  apomorphin  and  other 
emetici  produce  sttunji*  reversed  pcristaUis  in  excised  stomach;  but  Batelli,  1896,  finds 
the  mine  movements  without  giving  iiny  drugs,  and  they  may  be  attributed  lo  otphyila. 

Cocaioization  of  F>haryngeal  Region. — Vaienii,  1911,  asserts  tiiatemeiit.  by  apo- 
morphin an  well  as  by  loc.il  iinent?,  is  prevented  by  cocainizing  a  certain  pharyngeal 
»rca  which  eontroU  the  rardi.if  ".phincler.  He  suggesls  that  apomorphin  ineteases  the 
excitability  of  the  ccnti-r  =.\j  thai  it  rcsi>ondB  by  vomiting  even  lo  the  normal  impulses 
which  emanate  f  rum  1  hi-^  ph.iryngcal  region.  However,  this  may  merely  mean  that  the 
relaialinn  of  llic  ciitdUl  ?|.hiini(-r,  which  is  tonlmlk-d  from  this  re|,-ion,ls  indispensable 
to  successful  cme!.TS  (Mellinget.  Opcnthowski,  Canooin).  Magnus,  1914,  discredits  the 
cxUlence  of  n  pharyngeal  vomiting  center. 

SuBc«ptlblllty  of  Different  Animals  to  Emetic  Action.— Animals  which  arc  incapaltle 
oS  vomiting  (rabbit,  rat.  guinea  pig,  hcir«.  cattle,  etc.)  do  not  do  so  under  apomorphin; 
but  many  animalii  which  vornii  more  or  less  icadili'  in  lesponio  lo  local  irritants,  are 
Abo  completely  Instuceplible  (pigs,  binls,  frog)  or  relatively  insusceplibli;  to  apomorphin 
rmriil  (the  cat  requires  about  50  times  as  much  pet  body-weight,  h^podermically,  as 
llw  dou,  Man  and  dog  arc  the  most  susceptible.  Continued  niiminittratlon  docs  not 
otablMi  tolenuce  (Siebert),  Insusccplibilily  to  tlie  emetic  actions  does  not  imply 
lolemncr  of  the  other  central  actions  of  npomorptiin,  lo  which  all  animals  are  susceptible. 

RMfttcilrant  Stage. — Exceulvc  doses  of  apomorphin  ace  not  as  eSccttve  aiS  moderate 
doses  in  producing  cmc^is.  and  may  render  the  animal  completely  recalcitrant  to  the 
emetic  action  (Keicherl,  Lggleston  and  Hatcher). 

Aat-«netic Drugs.— j\pi"tiorphin  vomiting  is  not  affected  by  local  sedatives  (hismiiih, 

etc.),  but  is  lirevenlcd  by  narcotics.  Witli  cMorofocm  anil  chloral,  full  narcotic  dt>»es 
are  needed;  out  nilh  motphin  and  Its  esters,  very  sraoU,  non-narcotic  doses  suflice. 
Papaverin  is  ineflective  (Kuth,  loij)  \  also  atropin, 

Otfaef  Centnl  Action*. — If  apomorphin  is  given  in  Iar;i;er  doses  it  produces  a  series  of 
excitant  elTecIs,  especially  in  animals  which  do  not  vomit  (Ilomock,  i^it).  At  first 
there  ts  greai  restlessness,  gnawing,  excitement  antt  terror.  These  are  |)erhans  due  to 
the  nausea  and  to  the  unacctistomed  sensations.  The  gnawing  is  not  seen  with  rabbits, 
Irotn  which  the  hemispheres  have  been  removed,  so  that  it  must  be  of  cerebral  origin 
(Horita,  iQt5).  'X^e  respirations  are  quickened  (even  under  chloral  natco'^is),  but 
regnlar.  Apomorphin  also  dinturbs  heat  regulation ,  so  thnt  animals  i!o  not  re^txind  to 
lever  by  polypnea  and  shivering  (Magne.  1014).  With  larger  doses  (larper  than  arc 
ever  used  in  man),  Ihcre  are  ntaiia  and  then  \ioleni  irregular  convulsions.  Tlicw 
tatetfcrc  witli  respiration,  and  ihc  Jinimal  dies  in  o-tphyiLia.     Death  occurs  also  if  the 
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convulsions  arc  supprrsicd  by  chloral,  but  Iben  rcquim  n  dowse  Iwcnl^  lime*  ••  liiA. 
Frog^  exhibit  titc  t^amc  phenomena.  IlnttorJi  1910,  lind^  thii  ihr  t^rm  frant  lla 
epiniil  cun!  unci  brain  are  [□cnruscd. 

Local  Application. — lUraock,  1874,  showed  that  ibix  piiralyzex  catdu£  aad  ikdcul 
muscles  ill  Itojffi. 

HYPNOTIC   ACTION   OP  APOMORPHIN    AND    DSB  IN   ACUTE    ALCO- 
HOLISM AND  HYSTERIA 

C.  J.  Douii;las,  1899,  claims  thai  apomorphin.  in  unall.  non-cmctic  dotr*  (i  m^); 
acts  ns  ft  safe  and  certain  hypnotic,  cticctivc:  even  in  ddiiium;  nnlunl  and  icliahlat 
sleep  occurring  usuxlly  in  five  li>  twenly'tivc  niinulr^.  Coleman  aivl  I'ulk,  1901, 
experimenting  on  an  extensive  series  of  acute  alcoholic  patients,  oonfinned  the  dra. 
They  employed  hypodermic  doses  of  j  to  n  mf;.  Other  obwrvcts  (R(Mcbni|il,  I90tl 
report  similar  results;  llic  tendency,  liowcver,  lias  bct-n  lo  UM  doan  (s  mi;.)  Mhich  MO- 
duce  an  emetic  action  (Kosenvvassat,  190;).  This  nctl^M  aids  the  tbenipeutic  eSen 
by  breaking  into  the  tixeil  idca^  of  such  patients.  The  tlccp  occurt  in  a  tcv  mioula 
alter  tmesis.     Hypodermic  udministration  secures  by  far  tba  bcsL  results. 

Velocity  of  Action.— In  man,  the  hypodermic  injection  of  j  to  10  mg. 
(i^2  t"  .'e  g''-)  "f  aporaorphiii  produces  severe  nausea  and  vumitJDg 
within  ten  or  fifteen  minutes,  generally  without  other  effects.  By  nmuth, 
twice  this  dose  is  uncertain.  The  cmcsls  may  be  repeated  several  tiroes. 
The  nausea  is  intense  and  is  apt  lo  [persist  longer  than  with  tJie  rcda 
emetics,  ance  the  apomorphin  is  not  removed, 

PBENOUEHA  OP  NAUSEA 

These  are  common  to  all  emetics.  They  consist  in  a  feeling  of  SidtiKSS, 
lassitude  and  weakness;  pale  skin;  increased  secretion  of  sweat,  saliva, 
mucus  and  tears;  sensation  of  excc^ive  heal;  increa.sc  of  respiration  and 
pulse  rate;  fall  of  blood  pressure.  During  ikr  tmrsij  pTafitr,  the  contrac- 
tion of  the  abdomen  will  raise  the  blood  pressure  temporarily — s  fact 
which  contraindicales  cmesis  in  apoplectic  patients,  etc. 

Circulation  and  Respiration  in  Nausea  and  Vomiting. — Trsube,  1967,  docrfbcid  an 

initial  fail  of  pirssurt^,  wilh  sluw  vagus  pviisc,  succeeded  by  quickcnvd  puW  tovaid  the 
end  of  the  emetic  action.  The  deluil?  have  been  studied  by  Brooks  awl  Luckhaidt, 
1915.  on  unanesthetized  animals.     Their  ref^ulis  are  confirmed  by  Miller,  191 J- 

They  find  emcsis  accompiinicd  by  marked  dlsturUince?  of  the  circu- 
lation and  respiration.  There  is  sometimes  a  period  of  elevated  pressure; 
but  commonly,  at  the  moment  of  emesi*,  the  heart  is  inhibited,  with 
sudden  severe  fall  of  blood  pressure.  This  is  interrupted  b)-  periods  gf 
great  oscillations.  These  great  and  sudden  changes  may  rupture  btood 
\'essets,  which  would  resist  more  gradual  changes  of  eqiutl  degree. 

They  find  the  changes  somewhat  different  in  the  two  t>'pcs  of  vomiting. 

Rapid  projectile  type,  with  short  nausea:  During  the  nausea,  ibe  blood  prewuie 
it  slightly  riiiscd,  the  pulse  rate  increased,  il^  amplitude  diminished.  During  the  vorail- 
Ing,  thejiiv^ure  (alls  sharply  with  praclically  complete  arreil  of  ihelMArt,  or  aiylhmia. 
The  respiration  is  suspended.     After  the  exiiuUlon,  rapid  recovery  oceun  to  normaL 

Slow,  labored  type,  with  more  marked  nausea,  etc  Duiing  the  nausm.  there  u 
deep  breathing  and  salivation.  Durint;  violent  ri-Ich!uu,  the  blood  pressure  and  ibein- 
irathoracic  pressure  oscillate  greatly.  The  pulse  is  dow  and  irregular.  During  the 
vomiting,  the  chnn^es  arc  as  described. 

The  slowing  and  fall  of  blood  pressure  are  due  to  inbibiling  vajcus  ttimulation.  tiaxt 
Ihey  arc  pre\cntcd  hy  atropin.  The  osciUntiuns  ore  indirect  results  of  the  muicnlai 
efforts,  and  are  generally  eliminated  by  curare. 

The  Acceleration  of  the  Heart  in  Bmesis. — .\ckermann,  iSjft,  thow«d  that  all  kittd* 
ol  tmesis  are  actompanicd  by  liis  ncctliTLiiion.  Himack,  1874,  observed  some  aoeckt- 
ation  even  .ifiei  ^tlnipiii,  so  Dial  there  must  be  :*  reflex  stimulation  at  the  acccloatof 
mecliam^im;  llie  va^us  mechujiism  is  probably  al.w  reciprocally  iidiibiled. 

The  stimulation  of  the  salivar;  centtov  has  been  studied  by  \'.  E.  IftadetMO,  i«ie> 
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ACCIDBNTS  m  THE  THERAPETTTIC  USE  OF  APOHORPHIR 

nriic  apomorpttin  nausea  may  produce  considerable  deprcs.'UO»,  varying 
in     <3«grcc  in  different  individualK.     It  is  characterized  by  muscular  de- 
bility, and  rarely  collapw  (Hamack,  1908).    These  may  precede  or  follow 
tbc    «:iiicsis.  and  arc  especially  liable  to  occur  in  the  rare  cases  in  which 
Einesi.H  fail.i;  in  pulmonary  and  cardiac  disease;  in  debilitated  patients; 
in  children.     The  collapse  is  preceded  by  irregular  ret^picution,  anxiety, 
t-ifjo,  and  faintinR.     During  the  cotlapse,  the  patient  may  be  uncon- 
«js,  and  )>a»s  into  early  death.    These  cases  arc  quite  exceptional, 
but   t.heir  po<tsibility  should  be  borne  in  mind.     It  is  believed  by  some  that 
ihc  accidents  are  often  due  to  impurities.,  so  that  only  freshly  made  solutions 
cf     tlie  crystallized  alkaloid  should  be  used,  never  of  the  amorphous. 

Old  sohiUoiiB  of  tpornet^ln  ticouirc  «  dtrn  green  color,  {ndUallnit  «or»  docompotl- 
tk>n.  The  Moetic  HctiuD  may  not  be  Affcctca  by  this  ch&nite  in  wma  sampln,  Itut  It 
c>  tc^at  in  othcn  (Haniaek,  1H74). 

CtUoromorphida. — Theic  arc  f ormctl  In  the  manufiiciiireorsponiarphla,  STlhcictiun 
ol  tite  hydrochloric  adtl  on  tbe  morphia  'a  not  carried  suflicicntry  tsr.  Thty  arc,  thcrc- 
*'*»*.  ■  froquCTit  cootaniinBtion  of  commercial  apomotphin.  They  arc  chemically 
j^MalofOus  to  ttfetj^l-morphin.  brinic  formed  by  \\ic  tulihiiiuiloin  of  CI  for  ibc  OH  ic^oup 
^^  RMinldn.  Their  pharmacologic  actioon  are  also  similar  to  thuitc  uf  velyl-morpbin 
(hf  r^oia),  namely  cxsncraled  morphb  rll«c1»,  with  arcativ'  increateii  toxicity,  parnlyiiU 
P*  rvtpiiation.  and  an  aniiEm«lic  action  (fiamacic  aacl  Hlldebiatidl,  iQii).  Th«»e 
S'^CMicatonibold  tbnc  impurities  Ttsponxible  for  the  failure  oJ  emesis  and  the  collapK. 
^  **«3r  nay  perhapi  alw  explain  the  hypnolk  action  of  Douglas. 

Thmgfi. — For  emetic  cITocl,  5  mg.  (H?  grO  or  at  '"osi  10  tng,  (^ 
*r-^  of  the  crystallized  hydrochloride  in  !-^  to  i  c.c,  of  water,  should  be 
^'^'■<»  hypodermically,  and  repeated  in  fifteen  minutes  if  necessary.  If 
^^  danger  of  collapse  is  apprehended,  i  mg.  of  strychnin  sulphate  may  be 
****J«I.  ,\s  a  nauseant  expectorant,  it  is  inferior  to  ipecac,  but  may  be 
J**^^^*:]  by  mouth,  in  syrup  of  citric  acid,  in  doses  of  2  to  10  mg,  O^o  to 
^  J-i  gr.)  tor  adults;  H  to  i  mg.  (Jf  30  to  ^^0  «'■)  for  children.  This 
^*S5^  doe*  not  cause  depression. 

TTie  therapeutic  use  of  emetics  will  be  <liscusscd  later. 

PREPABATIONS — APOUOXPIUN 

-E>^-^>*MiirM>'>«  ItydretUetieuM  (ApomoriA.  Hydrocbl.).  U.S.P.,  B.P.;  CiiH,iNO.- 
"^~J4H/).  U.S.P.:  (C„H,tNO,-HCfi,  +  HiO,  B.P.— Prmiared  fwm  morphin  bj  the 
T^^faciion  of  one  molecule  of  n-ater.  Tie  preparatioiu  of  different  manufacturcn  diSct 
^'^*%  at  Icifs  in  ooiaposilioin  and  activity  (Uanaclt,  1909).  Minute,  vhJte  or  uraylah- 
"'nttc.  glUtcniog  fnata%  odorlcia.  acquiring  a  grecnith  tint  upon  cxpcwuie  to  light  and 
^"-  So),  in  water  (i;5o}  andlnalc.  (i:iO).  Doir,  Txpcctorant,  J  mg.,  Hoir.;  eiactic, 
L?  "?*'  H  *"■■  ^  "«""'>;  hypodermic,  s  mg.,  Kj  gr..  U.li.P.;  j  to  6  mg..  Ho  to  ^o 
V:-  bypodemiic;  by  tnouih,  &  to  16  mg.,  J^j,  to  yi  gr.,  B.P.    ^^aximnm  dot*.  »  mg., 


U  n"^^'  •*^"""'M'  Iht:  B.P. —  I  \Ki  cent. 


Doif,  O.J  to  (>.<>  L-.c,  5  to  10  uiaiaH, 


APOCODSm 

TUi  b  an  aulocout  derivative  of  rodcin,  apparently  variable  Ifl  eompMltion  and 
*f*,'Wi*.  Kobott  finds  that  It  acts  (juali (a lively  Ulw  a|>omorphill.  Dixon.  1903, 
~'*''^  thai  il  pan^yus  lucomively  the  ncr\'c-cnding»  of  the  vaf;Ul^  vatotnoton.  nUior 
I^Mth  fnuKte.  slnpcd  niuacic,  anil  cardiac  accelerator,  as  well  u  the  ner^-pcentent 
iJ^UaaclLoodoeanotMeM  lobe  absolutely  i^>ecific.  Magnu-t,  1Q05,  found  both  mmu- 
'l'***^!  paraly^nt  penphcfal  rllcriK  00  nctittalUB.  It  hat  been  uwd  u  cxpwtonLDt, 
"••IW,  hypnotic,  and  cathartic  (Fraeakel). 
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ASPmOSPERMA  (QUEBRACHO) 

The  bark  ot  AipJdo^Knnii  Qiicbnic  ho 'bianco,  contaiiu  aix  w  more  alkakutt  wA 
\'er>'  simibr  aclioiu:fBll  uf  blmKl  pm>«utc,  incicnsed  hcurt  rale,  ctottic  coavtikioa»«^ 
muDcuUr  wcaknnu,  luid  k  vtty  gtcBi  and  pcniittni  incrrajc  <it  tiie  rate  and  depth 
n»pir«[ion.    The  Iuaks  are  markedly  hypcremic   (lUrnuck  nod  HoAmun, 
Wood  and  Iloyt,  igoj;  Wood,  igio).    These  arlions  are  partly  coilnl, partly  peri^ 
Wood,  190S,  BttributM  the  rcupiratary  clloci  to  interiM  irritation  ot  local  amu  of 
luDKi  which  is  obKcivablo  at  autoptv.    The  alkaloid  qucbfschin  b  laainly  fOfWiu 
lot  tbU  eSect.    One  oT  the  alkaloids,  BspidoMunin,  produces  emesi*;  the  olben  on! 
nantea,  with  ita  usual  aocompanimcntK. 

Cow,  1914,  fiads  that  latv"  <Iom-d  uaralyie  the  nerve  ccUa  of  the  autottomic  s; 
bnitn  and  (final  cord.  StiU  larger  ooiea  paralyse  the  ragu*,  svmpathctic  aod 
ending*,  similarly  to  nicolin  and  curiuc.  Death  occurs  by  patal>iis  oE  the  ~  ~' 
ccDtcr  when  Ihc  motor  iiEivn  slill  respond  to  stimulation. 

Aipidospcrma  hiu  been  used  ax  a  respiratory  stimulant  in  all  forms  ofdytpoM 
aathm^    Ilx  irritant  action  on  the  lunip,  and  the  great  drciilatory  depwinion 
be  borae  Cn  mind.    The  dott  of  the  fluidextrvct  i*  1  to  4  cc;  of  the  anaorpboos 
■permin  (a  crude  mixture),  Ouo6  to  0.1  Gm.;  of  the  ciystalline  (trae)  aspidoi, 
cnlorid,  J  to  JO  mg.,  St  firsi  every  hour  or  two.  then  lets  frequently  (S.  Solii  Cofaeo). 

PKEPAKATIONS — ASPIDOSPEK  UA 

Aspiditfptrma,  U..S.P.  (Quebracho). — The  dried  bark  of  AipidMpems  Qttebncba 
UsDco.     l>oif.  4  <'>m.,  (K>  icr,  U.S. P. 

PUem.  .Ufiicff;  VS-V.—Dou,  4  ex.,  1  dram,  U.S.P. 


IPECACUANHA  AND  EMETIN 

General  Statement. — Ipecac,  the  root  of  a  Brazilian  plant,  coDial 
several  alkaloids,  of  which  two,  Emctin  and  Ccphaelid,  produce  lutu: 
and  emesis,  l>y  central  und  local  action,  without  danger  of  side  effi 
The  drug  is  therefore  vcrj'  useful  iherapcutically.    Large  doses  produC-=^ 
specific  effect:*  in  amebic  d>'sentery.     Systemic  actions    (central   ai^^^ 
cardiac  depression;  stimulation  of  smooth  muscle)  do  not  occur  wlx — ' ■" 
the  druR  is  administered  by  mouth,  since  llicrc  is  but  little  absorbed. 

Nauseant  and  Emetic  Actions. — These  are  produced  much  more  slowK^  y 
than  with  apomorphin.     In  man,  vomiting  occurs  only  after  one-half  toor^*  * 
hour.     TIic  drug  is  therefore  more  u-teful  as  a  nau.ieanl  expectorant  thfc--** 
as  an  emetic.     As  exprttorant,  the  Syrup  i<  used  (i  c.c).    An  Jnltisioy^g 
used  as  a  gargle,  has  fcrecn  recommended  to  avoid  irritation  of  the  stonaKt»- 
For  tmesis,  the  powdered  \\vtc»c  may  l>c  used,  t  to  a  Gm.  in  watrm  water  » 
repeated  in  hall  an  hour  if  necessary;  or  thcS>Tup  (tablespoon  foridulu^^ 
teaspoon  for  infants,  especially  in  spasmodic  croup).     It  lias  some  •c*" 
vantage  over  the  mineral  emetics  in  that  it  causes  less  ga»tric  irriUti»** 
and  less  general  depression. 


Locatiosi  of  Emetic  Action. — It  has  xenerally  been  stated  that  lUs  Is  p«uily  - 
mainly  tircausc  rninis  occun  more  promptiy  on  Kaatrfc  than  on  hypodcmic  adiaiJ^^j 
Uation;  the  cllidcncy  of  h>'podermjc  admini*tration  bong  explained  1^  eacrelto  "^^ 
the  nllinloidi  into  the  Rioniacn  (Valcnti,  1911)  nnd  intdtinca  (irOmidla,  1S73). 

Hou<evcr,  Euileatoa  and  Hatclwr,  1915,  found  that  the  emetic  dote  b  neatly 
tame  by  dther  <?aimd;  moreover.  Ihcy  obotrved  the  occurrence  of  vaouliiig  mewem  _ 
in  eviscerated  animals.    It  is  clear  therefore  that  the  \'amitin8  b  of  oentral  ctipa  ^^^ 
but  bccauM  of  the  promplcr  action  of  the  jiaatric  Injection,  which  was  ceafirBtd  b)"^^^ 
th»-w  obrwri-eri,  it  follows  that  the  local  action  facilitates  the  emetic  response.    Euniu^"^ 
nnd  rfph.ii.-lin  .id  alike,  csccpl  ihnt  ccnhscltn  it  twice  as  active^ 

Irritant  Action.— Ipecac  britutr<  hII  mu<oufr  curiam,  sotnctJiaM  to  an  saaoKalsd 
decree.  It  ma;)-  therefore  produce  conjunctivitis,  bronchitis,  skin  eraptiOBS,  M*h—i 
diarrfaci,  rectal  irritation,  etc.    Some  persons  are  extremely  sensitive  to  these  efedk- 
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'Oa'Uie  ftbraded  (kin.  t  per  cent,  mluiion  of  cmctin  ruiies  n  nhtal  (Sollmann  nnd 
Pllcher,  1916).  The  si^cu^an<am  tisxae  U  hut  litilr  suhjtxt  to  iniutlciti  by  ipecac 
(Zepf,  1903},  perhaps  becuuse  the  drug  is  too  rapidly  aluurbcd.  Kennl  irriution  occurs 
niely. 

Use  in  Dyspepsias. — The  gastric  hyperemia,  produced  by  fima.ll  do3e», 
is  sometimes  utilized  in  dyspepsias  (a  <lrop  or  two  of  the  syrup  in  a  tea- 
spoon of  water,  every  fifteen  minutes). 

Action  in  Amebic  Dysentery.^ — Ipecac  or  emelin,  in  atjequale  doses, 
cause  the  prompt,  complete  and  usually  permanent  disappearance  of  the 
Endameba  hi.'tlolytica.  from  the  stools,  and  the  removal  of  the  clinical 
symptoms.  The  effect  is  doubtless  due  to  direct  amcbocidal  action. 
The  best  resulu  are  usually  obtained  with  hypodermic  administration  of 
tcmelin. 

Formrrl}',  iheaj^ons  of  the  value  of  ipe<;ac  tretttmRnt  were  divided;  but  Ibe  laitr 
cUnicoi  invntijilslars  are  practically  in  agreement.  The  older  failures  are  prub&bly 
altributjbte  latijcly  to  fnultv  adminisl ration  und  iandcqualt  dotage. 

Amebocidal  Action.^Thii  was  demonstrated  iit  vilto  lor  the  Suidextract  ( i :  10.000) 
by  Veddcr.  1011;  and  for  ctnotin  (1 :  100,000}  by  Wherry.  1011,  and  Rogers,  1012.  Eme- 
lin i»  priibably  an  isochinoUn  derivative  iWindius)  nnd  therefore  relnted  to  papaverin 
andn^tcoiin.     1*icli  and  Wshicky,  1915,  find  thnt  these  opium  dkalotdit  also  IdUfroloznit, 

Harri!.  iS';o.  claimed  ihat  ipecac  more  or  less  (reed  from  its  alkaloids  |"dc-emeti- 
iiued")iiei^ucJlyeScctivc  ind  less  disagreeable.  This  Is  now  generally  denied.  Veddei 
louDd  it  quite  inert. 

Mu»Krave,  igi  i,  and  some  otlicrs,  have  referred  the  ctioical  results  to  the  intestitial 
itTitaliimi  arid  believe  ipecac  effective  in  all  forms  of  dysentery,  whatever  the  etiology. 
Tlus  view  has  not  nlilnincd  nccqiluncr. 

Oral  AdminlstiRtion  in  Amebic  Dysenteir-— A  careful  lechnic  Is  ret^uired  10  prevent 

vomilinR,  and  to  M:ture  tlie  relciilion  of  the  large  doso  of  ijiecnc  which  appear  to  be 
«sscDlial.  This  was  oiiginally  nttemptcd  by  a  preliminary  full  dose  of  opium,  followed 
by  I  Om.  of  ipectic  e%'ery  (our  hour*,  or  by  0.5  Cm.  every  half   hour  for  sl»  doses.     The 

Kesent  unKtice  it  to  protect  the  stonuich  by  etving  the  iiiccac  in  pilU  coaled  with  a 
avy  (^  inch)  layer  of  salo),  as  in  the  modihcation  of  Mansons  tcchnic  proposed 
by  S.  K.  Simon. 

Simon's  Uethod  of  Administering  Ipecac  (Jour.  Amer.  Med.  Aiuoc..  Nov.  6,  1909, 
p.  1516).— The  pjlicnt  is  dircclcd  to  bed  during  the  treatment  (which  lake*  nbour  two 
wccitt),  and  ts  kept  ^n  a  lijiM,  iriainly  liquid  diel.  After  an  initial  Castor  oil  purne,  he 
Kccivcs  a  ninKle  daily  do»e  of  ipecac,  as  salol-coatcd  pills,  in  the  evening,  three  hotin 
aim  the  hut  meal.  The  first  dose  is  of  j  or  4  Gm,  This  Is  reduced  by  a.3  Gra-  daily, 
uatiIo.6j  Gm.  is  reached.  Thi^  last  dose  Is  then  coatinuud  (ur  two  weeks,  and  is  sup- 
plemented with  daily  colon  irrittations  with  salt  or  borax  solution.  It  ulceration  has 
been  eitensive.  the  colon  b  later  washed  with  a  dilute  silver  nitrate  solution.  Tonic 
meoiute*  ore  always  necessary. 

lit  nitrmal  faditidutth,  i  Gm.  of  ipecac,  civcn  by  thb  method,  produces  generally 
diirrliej,  hutiog  some  days;  often  consider^ible  abdominnl  pain  and  slight  tenesmus 
(MuKgravc,  io<i);  no  depression  and  rarely  vomiling.  A  patient  took  joo  gr.  in 
three  days  wiltiout  apparent  discomfort  (Duck  and  Lyons.  1910). 

Ipecac  haa  also  been  administered  by  the  duodenal  catheter  (Beck,  191 1),  by  rectum, 
and  through  the  stump  of  an  operated  appendix.  It  may  also  be  administered  with 
Foitef's  Eorlh  (''Alripau  Iiiccac'^  which  prolccis  It  aicainnt  solution  in  the  Momach- 
Thfa,  because  uf  its  slow  abiorption,  does  not  readily  produce  vomitin);  (Egglesion  and 
Batcher,  1915)- 

Hypodermic  Treatment  with  Emetin. — This  was  introduced  by 
Rogers,  ii;ij,  and  h;is  been  found  nmre  sutcessfiil  and  IcSS  disagreeable 
than  oral  administration  (review  by  Vcddcr,  1914). 

Bfldaacr- — Even  Lhy  (irst  injection  Causes  the  disappearance  of  blood  and  mucus 
bom  the  steotii.  decrease  of  diarrhea,  and  relief  of  pain.  The  symptoms  often  di>ap|>ear 
completely  within  a  week,  but  other  cases  are  rnorc  rcsislanl.  Practically  all  piiiient*, 
UBieat  moribund,  are  clinically  cured.  This  holds  also  for  the  hepatitis.  -  Some  retain 
the  amcfaa:  in  the  stools,  probably  bccHusr  the  cmclin  does  not  rwich  the  lumen  of  the 
iaMAtiaes;  but  they  suffer  no  symptoms  or  recurrence.  Tluue  Uirricrs  may  be  trtstcd 
by  local  initatioa  with  ijuinin  or  slver  nitrate. 


MANUAL    or   PHARMACOLOGY 


Dosage." Vedd«r  advises  jO  mg.,  J^  gr.,  of  ihe  Emelin  HydrocWorH, 
h\TX>dermically,  three  times  daily  for  about  ten  da>-s.  It  would  be  sus- 
pended with  the  cure  of  the  clinici!  symptoms,  and  resumed  on  recurrence^ 
The  dose  may  be  increaacd,  if  necessary,  to  J  or  3  gr.  per  djiy.  Care  must 
be  used  that  the  solution  is  not  introduced  into  the  eye,  as  it  ts  very  irri- 
tant (Blue,  1915). 

Side  Effects. — The  ordinnry  dose  docx  not  iiroducc  iny  gastrtvinmdrwl  or  ccneril 
dutturbance,  nod  priiclicHlly  no  local  rciiction  if  ilic  suluttoD  b  neutral,  'riic  laifu 
diMtes  c&use  some  nau^a,  vomitioj;,  <l<.'prcssiou  and  pulu^mure  sith  ioUumiKulfti  llna 
hypodermic.  Even  0.25  Gm.  at  one  dosc  procjiicol  only  pcrtittent  nauwn  (.\1laa}. 
0.0  ^  to  0.1  Gm.  daily  for  twdvc  days  hns  uiu^rd  purulylicand  cdcmic  syioplunu  i:>fwil 
ttnd  Collard,  1914).     Cephaelin  would  nol  be  u^fiI.  bccnusc  of  its  gtcatcr  emetic  aclioSi. 

latrRveoous  injectioQ  h^s  also  bcrn  Lriixl.  but  should  be  condemned.  Veddtr  lishtly 
cautions  against  il.  Bitbrmann  and  Ilclncinann,  191J.  had  no  bad  rtiulls  "ith  60  t* 
30O  mg.;  whilst  300  to  400  m^.  ^ve  severe elerts  in  n  fen  minuto:  ^-aiculnr  paralynti 
marked  dyspnea,  unconsciousness,  vomiting  and  Ularrhea,  very  slow  puUc.  Tht»  «• 
cceds  ihe  fata!  intravenous  dose  for  rabbits  (1,5  mg.  per  kilogram.  The  fatal  by poderak 
dose  is  m  'ch  higher  (20  tan.  for  rabbits). 

VftriabUitjr  of  Commercial  Eroettn  Hydrochlorld. — The  occurreocc  at  two  laid 
human  cases  led  R.  1,.  I^vy  and  Rownlicc.  igi6,  lo  Lnvc>li)tale  the  todc  effects.  Tbcy 
found  wide  <!iScrFnc€S  in  the  toxicity  of  commercial  sample*.  They  ddcribc  the  tuk 
phenomena  in  animals,  and  the  clinical  lo»C  caaee. 

Emetin  in  I^orrhea  Alveolaiis. — The  supposed  causation  of  Rigg's 
disease  by  endamebx  prompted  the  trial  of  emetin.  Many  obscr\'ers 
report  good  results;  but  neither  these,  nor  the  etiology,  are  beyoDd  dis- 
pute (Price  and  Beosing,  1915)- 

Sraitb  and  Barrett,  and  oiliers,  found  codamcba  buccaUt  coiutaiiily  pmcQi  in  the 
lesions,  and  introduced  Ibe  local  use  of  ipecac,  iiasa  and  Jones,  1914  and  191J,  an 
apediMy  enthusiastic.  They  report  the  amebic  destroyed  by  faypodermic  injecctou 
of  emetin,  o.oj  daily  lor  three  to  six  days;  or  i  or  3  Alcrcsla  ipecac  tablet*  (each  ot  0.65 
Gm.  powdered  ipecac)  twoor  three  timet  daily  by  mouth,  for  tnesame  period.  This  doe* 
not  produce  nauscn,  but  often  some  abdominal  discomfort  or  diarnica.  The  leiioM 
leqiute  a  long  time  to  htal,  and  ma>'  become  reinfected,  when  the  trattscnt  tntul  be 
repeated.  As  prophylactic,  they  tec-ommcnd  a  daily  mouth  wash  of  1  or  i  dropi  <d 
fluideitmct  ipec^tc  in  ;i  half-glass  of  wnirr.  Evans  and  Middleloo,  igtj,  oIm  repoK 
success. 

Use  in  Other  Parasitic  Conditions. — Emetin  has  been  unsuccessful  in  lypttiUi, 
rabies,  trypaniBomes  and  bacillary  d>-scnlcry.  Marked  improvement  v^t  rqiortM  foe 
sprue  by  Sehmitter,   1915. 

Ttiberculosis.— R:ieburn.  1914,  suggests  its  use  (i.j  rai;.  hypodemurjilty*  to  Ictaea 
pul mo nar>' congestion,  ci|iectoration  aiid  congestive  hemorrhage.  The  rationale  b  not 
clear  and  it  requires  coniirmation. 

Hemoptysis. — Emetin  has  been  tried  iu  tubercular  hemoptysis,  the 
reports  being  generally  favorable,  but  requiring  critica]  confirmatioo. 
The  mechanism  is  not  explained. 

Flandin,  igij,  claims  immediate  urrest  after  the  hypodermic  iajectioa  of  0.04  Gtn. 
without  unpleasant  sj'mptoms.  The  injection  may  be  repeated  in  intervib  of  iirdi« 
to  iwenly-ioui  hours.  Valassopoulos,  igij,  u*ed  0.01  Gm.  talKi  in  rectal  carvinoiBa). 
Nicola,  1914,  employing  the  '^Hmc  doda^  iU.  Handin  in  hvmoptysb.  obtaioed  rariablc 
results.  Apparent  success  (arrest  in  foiiy-eight  houn>  was  obtained  mainly  In  tke 
ttrty  stages,  vrilh  scanty  hemorrhage  m  hiuh  blood  picuure.  Bleeding  from  vcaoot 
eoiu[Mti'>n  II'  \'nlU  low  blood  pressure  w»a  not  influenced. 

Systemic  Eflects, — These  occur  only  after  veiy  larEC  hypodermie  or  inu»veaa«* 
doses.  They  consist  in  ptfUylic  symptoms,  amonjc  the  eariic«I  m  monmalf  bdag  m»- 
maloT  pardysii  with  fall  of  blood  rircuure-  This  b  farther  aided  t>y  uvuJt<inKt  c4  Ik 
Ar,irf  miudc  due  to  Its  direct  muscle-aclion  (It  produee«  dinsIoUc  arrest  of  the  iiculed 
fruK  heart;  Moulinier.  1914).     Uealh  occurs  mainly  by  central  paralywa. 

If  Ihe  action  hits  laste^l  any  time,  the  autopsy  will  show  a  marknl  [Mto  rmlmtis, 
with  eccliymoses  and  even  ulcers.     Krifma  of  Ihe  luiits  from  the  h>-penccTctioa  of  1 
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tad  the  ireilliened  hurt  is  itainctiines  seen.  Trendclmburg  find*  a  dilator  action  on 
cxciwrt  tr*cii<-.il  nnuacie. 

Smooth  Muscle.~~Thc  cITpcIa  have  not  bten  citciuivdy  invvatiKuIcd.  Muurel, 
1914,  docribt^  (ut  the  inlcitLnc&,  slomach  aad  blood  vcucli  a  primary  incrnitc  of  tonui>, 
lone  doMS  par:ilv7.itiK. 

Ihic  Ado  Exctetioa. — TIus  is  incieajied  by  ipecac,  sa  by  other  jcuBtro-initHttnal  inf* 
tints  <Ab1,  191J). 

COMPARATIVE  ACTION  OP  EU£TIN  AND  CEPHAELIN 

The  compositioQ  oE  the  alkaloids  dilTcrs  merely  by  a  CHt  cudicut  (Bmetin  «  Cir- 
H»N|0.;  Ccpbitelin  =  CmHii,N,Oj;  Carr  and  Ryman,  1913.  They  nUo  describe  die 
cbcmical  ptopecties).  Their  a»:lioa  is  similar,  but  some  minor  diScrences  an-  o(  ihera- 
pnillc  iBipoltattoe:  Enulu  tjful:  Ccphnclin  is  by  far  more  emetic  (about  twice; 
EggtestoD  and  Hatcher,  191s):  whilst  cmetiu  id  Ihi?:  better  Diiusraat.  Cardiac  rffecl: 
Eactin  b  much  more  depressing.  Kidnfys:  Cepbaelin  is  more  irritant.  ISloud  cot' 
ftutlei:  Cephaelin  Is  somewhat  hemolytic  [Paul  and  Cawnley,  190);  Lowin,  looi; 
Wild,  1895;  of  the  older  papers,  I'udwyssutzki.  Arch.  cxp.  Hath.,  11:131,  1679). 

PSYCHOTRIK 

Piyehotrin,  ibc  third  nikoloid  of  Ipecacuanha,  is  present  In  too  tmnil  amount  to 
be  important. 

IPECACOANHIC  ACID 

.\  luilber  cnoilitucnt.  ipecacuanhic  add  was,  until  recently,  considered  n  bearer 
of  the  action  of  ipecac  in  ayaentcry.  It  has  been  shown,  however,  that  lhi»  Isonln  b 
Jnn.cUve.  Theipecacuanhicaddpofaesscsali  lhechemiechur.tL-tersotcaffeolannicodd 
f  »c^  Inden),  from  which  It  differs  only  by  one  atom  of  oxygen.  The  pharnincoloitic 
i«<rlL>(>ni  of  these  two  tannins  also  agree  perfectly  (and  dificr  from  oriliovy  tannin)  as 
cbf^y  uc  neither  antiseptic  nor  istringent  (Kimura,  1903). 

IPECACDANHIN 

Ip«cacuAnhIn  i*  a  erystalltnc  glucosidal  constituent  (Fianomore  and  Braithwoite, 
E«y  X  j). 


V-^. 


PREPARATIUNS — IfECAC 

^IptottimnM^  (Ipecac.),  U.S.P.;  Iptmc.  Rod.,  B.P.— The  dried  root  of  CephBclii 

c^cuanlia  (P»ychulria  Ipccicuanha,  B.P.).  Rio  Ipctac.    The  U.S.P,  also  recognixe* 

ttugena  Ipecac,  from  C!c|ihac!»  acuminnU.     Ipcciu:  must  yield  not  Icm  than  1.7J 

<enl.  of  alknJoids,  U.S.P.;  i  per  fent-,  H.P.     The  drug  was  Introduced  into  Europe 

"»it  the  end  of  the  seventeeulh  century.     Dosf,  13  Kroi-lic,  1  (Iro.,  ij  gr,,  U.S.P.; 

iQm.,  15  to  30  gr.,  B.P.,  of  the  powder,  stirred  into  warm  water.     ,\i>  Expectorant, 

-,»  aoj  to  O.IJ  Gm.,  H  to  '  g""-.  I*-P' 

Zlecent  rescaiches  nave  shown  that  the  Carthaicena  variety  contains  more  of  both 
^kJnids,  bui  parlicularlv  of  CephaeUn.    The  ratio  of  emctin  to  cephaclin  varici  from 
-  KMscdn:  I  cephaclin  in  Rio  to  Ji :  i  in  Cnithagcnn. 

I^Fliext.  Ipttar.,  U.S.P.;  Ezl.  Ipeuu.  Liq..  B.I*.;  about  J  per  cent,  of  aUaloida;  the 
.--^^-P.  alio  contMni  t  per  cent,  of  HCI,    Doit,  b»  Expectorant,  0*5  cc,  1  minim, 

-^*-,  P.;  0,^03  to  0.11  ce.,  ^  to  3  minims.  B.P. 
• .■*P»to.  Ipeoic.  d  Ofii,  U.S.P.;  P<dv.  ipccM.  Co..  B.P.;  Dovm**    Powder.— (Sec 

"^Syr.  Ipuae.,  U.S.P. — j  per  cent.,  acidulated  with  Add.  Acet.    Dast,  n»  Especto- 
■''^t,  I  C.C.,  15  minimi;  a*  Emetic,  15  c.c,  4  drams,  U.S.P. 

IQpecac  Syrup  of  the  InleTiiationid  Protocol  is  only  >f  the  strength  oE  the  U.S,P. 
Mnck.  Ip<ia(.,  B.P. — o.ois  (Jm.,  H  K^- 

Vin,  Ipiioi^  B.P. — 5  pi-c  cent.     Dose,  0.06  to  I.S  cc,  10  to  jo  minims;  as  Emetic, 
**  to  10  ex:.,  4  to  U  diams,  B.P. 

.  "Emttiita   llydreckhrkum   (Eraet.    Hydrochl.),  U.S.P.,  C,oHmN,0,-iHC1.— Con- 

^^■M  variable  amount*  of  water  of  cr>«ttdlixation.     Wlute  or  ycllowUh   cryttaUine 

VJWder.     Freely  sol.  in  water  or  ale.     Dpff.  ao  rag.,  ,4  gt.,  U.S.P.,  b>podetmic;  by 

"outli.  u  Expectorant,  s  to  10  mg..  K  lo  >i  gr,;  o»  Emetic,  10  to  lo  mg.,  }^  to  Mi 

P-    Ca:e  muit  be  uted  to  keep  it  from  contact  with  the  eyes,  at  it  is  highly  uritanL 
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Ctpkadina,  N.N.R.,  CitHien,N.~DiUi^  $  to  to  mg.,  ^j  to  ^  gr^  in  pOb  ovM 
powder  with  niK&r. 

Chaparro  Amartosa  (Simanibacnc),  a  Mexican  plant,  hai  bcra  uM  In  amebic 
dfiUinlFr}',  wilh  ajipiicrntly  succc^situl  itsulu.  and  willuiut  bad  eSecu.  Tlie  UtUt 
infusion  i>  ui>cd.     Il  kilts  cndamcbas  (Nixon,  ii>i4,  igiQJ. 


THERAPEUTIC  USE  OF  NAUSEAMT  EXPECTORANTS 

Smsll  doses  of  emetics  produce  only  some  increase  of  the  bronchial  and 
salivary  secretion  and  sweat,  which  h  useful  in  the  early,  congestive 
("dry")  staKe  of  colds  and  in  "dry"  coughs.  The  dose  should  be  stiffi- 
dcntiy  smail  to  minimize  general  depression  and  noticeable  i(astric  dis- 
turbance, although  this  sometime*  can  not  be  avoided.  The  nau$cants 
should  be  given  every  two  to  four  hours. 

For  the  "abortion"  of  colds,  the  ipecac  is  moat  useful  in  the  form  of 
"Dover's  Powder,"  0.5  Gm.  at  night.  In  the  congestive  stage,  thes>Tup 
of  ipecac  may  be  used.  Tartar  Emetic  may  be  substituted,  but  is  nwre 
depressant,  and  its  continued  use  may  give  rise  to  poisoning.  Its  expec- 
torant dose  is  s  mg.  (3^2  sr.);or  i  c.c.,  15  minims  of  tbeVinum  .\nlimonii 
{ =  4  mg.,  J^s  g""-)-  This  is  also  one  of  the  constituents  of  the  Mi^tura 
Glycyrrhizie  Composita. 

Viscid,  adherent  mucus  may  be  thinned  by  Ammonium  Chlorid  or 
Carbonate  (o.s  Gm.);  or  Potassium  Iodide  (0.2  Gm.);  or  by  the  irritant 
saponin  of  Syrufius  Senega!  (2  c.c).  The  Compound  Syrup  of  SifinU 
(1  cc.)  savors  of  "shot-gun"  prescribing. 

The  reactions  <rf  the  salivary  center  have  been  studied  hy  V.  F..  TTendcrviQ,  tgio. 
He  finds  that  llii^  is  readily  depte&fcd  by  itneitkaks  and  by  merfhin,  even  in  louU 
dos«;  lodids  and  other  suits  do  not  ciii=e  omtc  stimulation,  but  ra*y  act  reStxhr. 
Emtlin  stimulates  both  directly  and  leficxly,  also  unmrmtun  salli,  bill  wilh  Ih«M  tM 
icl1c\  stiinuliitioa  is  the  more  imporlaat.  Aniinumy  acli  ooly  refledy,  ApvmarpUm 
only  ccntrajly, 

Bronchicu  Secretion. — J.  L.  Miller,  1914,  could  not  demonstrate  any  effect  with 
therapeutic  doses  of  emelin,  ammonikim  chlorid  or  carbonate.  Lane*  doMs  prodnced 
an  increase,  even  when  udminitterrd  by  duodenum. 

Site  o(  Action  of  MiBcellaneous  En)etiCB.^This  has  been  invcitixalcd  by  £«ik>taa 
and  Hntthcr,  1915.  A  drup  may  be  coiuidcred  to  ocl  directly  on  ihe  ceoter  ucinMil 
occurs  wilh  smuUer  doses  and  more  rupidh'  when  tlic  dni^  is  ^Ivea  by  vda  tlnn  hr 
mouth;  and  if  the  iihenomeni  of  nausea  and  the  mulioiu  of  cmcMS  occur  after  the  wbow 
alimentary  tract  has  been  removed.  According  to  these  criteria,  they  (ound  tlial  the 
emetic  action  of  most  alkaloids  is  cenlrid;  namely,  apomorphia,  morphin.  mccrtln, 
tobelin,  aconitin,  veratrin.  [lilocarpin,  quinin  and  e^ot;  as  also  pictotoxin,  digitaUs, 
•nd  sodium  salicylate.  With  ipecac,  the  local  acUon  probably  contnbults  10  the 
Itcutt. 


LOCALLY  ACTING  EMETICS 

The  aflerent  paths  which  may  reflexly  stimulate  the  vomitiDg  ctnters 
are  very  numerous;  but  for  practical  therapeutic  purposes  only  tbotic  of 
the  phao'iu  and  gastric  mucosa  are  available.  Not  every  form  of  gastric 
irritation  results  in  vomiting — the  kind,  rather  than  the  degree,  of  irrita- 
tion being  important.  This,  and  the  neces.iity  of  avoiding  severe  local 
and  systemic  eflfects,  limits  the  number  of  irritants  which  may  be  used  aft— 
tfaerapeutic  emetics.  However,  there  is  still  a  wide  cboice,  adapted  ti^ 
the  various  indications. 
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CDPRl  SULPHAS  AND  2INCI  SULPHAS 

These  act  practically  alike,  provoking  the  vomiting  reflex  before  there 
is  lime  for  any  other  local  irritant  action.  They  are  not  absorbed 
(unless  the  stomach  is  corroded),  and  therefore  do  not  lead  to  any  systemic 
effects.    Vomiting  occurs  with  certainty  in  a  very  few  minutes.    The 

»  nausea  is  therefore  short,  and  the  after-depression  b  small,  constituting 
an  advantage  over  apomorphin.  They  are  especially  useful  to  empty  the 
stomach  of  indigestible  food  or  poisons  (provided  that  these  are  not 
corrosive).  Copper  sulphate  is  of  especial  value  in  phosphorus  poisoning 
if  any  of  the  poison  is  still  in  the  stomach,  since  tiie  metallic  copper  is 
precipitated  and  forroji  an  impermeable  coating  over  the  unabsorbed 
phosphiirus  particles. 

The  emetic  dose  of  copper  sulpliatc  is  about  0.35  Gm.  in  i  per  cent, 
solution ;  that  of  zinc  sulphate  is  about  i  to  a  Gm.  They  may  be  repeated 
in  fifteen  minutes  if  necessary. 


I 


UUSTARD 

A  teaspoonful  of  powdered  mustard  in  a  cup  of  warm — not  ho^— 
water,  repeated  every  fifteen  minutes  is  a  rather  uncertain  emetic,  but  a 
useful  emergency  remedy  in  poisoning,  when  the  patient  is  already  di^ 
posed  to  vomit.  Salt  waUr,  or  even  plain  warm  water,  or  tickling  of  the 
fauces,  may  be  similarly  useful. 

ANTIMONY 

In  tbe  form  of  Antjmuiiy  und  Puta^ium  Turtratc  (T;utuT  £melic)  antimoiiy  acts 
limilnr  lo  Copper,  by  .1  purely  local  effect,  hut  its  use  should  lip  nvoidcii,  since  it  h  vcrv 
depressing.  l(  is  (uirly  enstly  absortwd,  su  Ilial  o.3  Gm.  lias  repeatedly  proven  fataL 
The  ordinary  emetic  dose  is  y>  mg.;  and  if  this  is  not  eSecIive  in  on  hour,  it  would  be 
well  la  give  tannin  tis  an  antidote. 

EHESIS  AS  AN  tJNDESIRABLE  SIDE  ACTION 

Tliij  otturs  with  l>igitatis,  Squili.  .^pocynum,  the  SalUrylates,  Senega  and  a  vwy 
larise  number  of  other  clrug<.     The  iiction  may  be  local  or  central,  often  both. 


r 


THESAPEOnC  USE  OF  EUBTICS 

Emetics  arc  employed  especially  for  the  following  purposes: 
In  Acute  Poisoning. — The  need  for  evacuation  of  the  stomach,  and 
the  relative  advantages  of  gastric  lavage,  has  been  discussed  under  thcGen- 
eral  Treatment  of  Poisoning  (see  Index).  It  must  be  remembered  that 
anetUs  art  ine^edtve  in  profound  narcosis  (by  chloral  or  chloroform, 
Ilarnack.  1874;  by  morphin,  bromid,  etc). 

In  Acute  Indigestion, — Here  also  lavage  would  deserve  ihe  preference, 
Apomorphin  is  often  vctj-  effective  in  exposing  malingering. 

To  remove  solid  bodies  from  esophanus,  pharyiu,  or  upper  oiT-pauagcs.  How- 
Kver,  accordinK  to  dc  la  Pax  and  Garcia,  iiji6,  emv-sis  dots  not  dislodge  solid  bodies 
(rom  the  Uncbea  or  bronchi,  but  may  drive  them  deeper.  Plu^  of  mucus,  buwcvcr, 
mny  be  (Unplaced  by  increubcr!  secictJon  o(  mucuH.  F.nicsts  ni.iy  cut  short  lui  Attack  of 
anhms  (iioovcr  anil  Taylor,  igi.O- 

To  cjiu:c  compression  of  the  lfv«r,  Eor  the  removal  of  bile  and  nmoU  gull-stones  from 
Ihe  K-ill-bludder  and  ducts:  The  UMhilacM  «( this  measure  is  perhaps  doubtful;  since 
the  intestines  arc  .-ilio  comprcucil.  tlie  added  via  *  lerRo  can  not  be  vcrj-  cflcictual,  and 
CO  the  other  hand  it  might  rupture  a  distended  gall-bloddet. 


#  # 
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Contndndicatknis  to  Emetics.— These  arc  mainly  due  to  increase  of 
pressure  and  lo  debililation,  and  are  as  follows: 

I.  Scvrre  licarl-de/rcts,  or  artfurhm  uf  the  uorta,  since  the  sudden  and 
violeni  increase  of  intrathoracic  and  intraabdominal  pressure  may  result 
in  the  rupture  of  these  organs. 

3.  Atheroma.  The  sudden  changes  in  blood  pres&ure  are  apt  lo  burst 
a  vessel  and  produce  apoplexy. 

5.  Similarly,  they  may  lead  to  hemorrhages  in  phthisis. 

4.  Abortion  maj'  result,  in  advanced  pregnancy. 

5.  Tendency  to  hernia. 

6.  In  all  debilitated  conditions  there  is  danger  of  collapse. 

7.  Caustic  poisoning. 


THE  PHARMACOLOGY  OF  HEAT  REGULATION' 

General  Statement. — In  warm-blcxided  animals,  anj-  departure  from 
the  normal  temperature  disturbs  a  variety  of  functions  more  or  less 
profoundly.  These  disturbances  tend  automatically  to  restore  the  nor- 
mal temperature.  Heat  production  and  heat  dissipation  both  have  « 
share  in  this  regulation,  and  may  be  brought  into  play  either  directly, 
or  through  reflexes.  The  automatic  compensation  or  regulation  is  ver>- 
perfect  under  ordinary  conditions  and  with  normal  animals.  It  may 
become  inadequate  if  any  of  the  factors  cnlcrinK  into  it  are  powerfully 
altered,  whether  this  alteration  be  central  or  peripheral.  Tlic  tempera- 
ture may  tJius  rise  or  fall.  Th«  changes  usually  involve  several  factors, 
at  least  secondarily.  These  vary  with  conditions,  which  arc  often  difficult 
to  analvEe.  Many  of  our  data,  are  therefore  incomplete,  confusing  and 
often  contradictory. 

It  is  attractively  convenient  to  assume  a  special  heat  regulating 
mechanism — a  physiologic,  if  not  anatomic  "heat  center."  This  would 
be  located  particularly  in  the  corpora  quadrigcmina,  but  diffused  more  or 
less  throughout  the  whole  midbrain.  The  center  could  be  conceived  as 
a  sort  of  thermo-regulator  which  b  ordinarily  "pitched"  for  the  normal 
temperature,  but  which  may  be  adjusted,  by  stimulation,  to  maintain  a 
higher  temperature;  then  brought  back  by  depressants  to  its  normal 
pitch,  or  perhaps  even  adjusted  lower.  However,  there  is  no  binding 
evidence  for  such  a  specialized  "center,"  and  its  acceptance  is  not  necessar)' 
for  the  explanation  of  the  phenomena.  Indeed,  it  may  rather  interfere 
with  a  clear  understanding  of  the  facts.  (^  the  contrary,  the  mechanism 
of  heat  regulation  may  be  conceived  as  analogous  lo  blood-pressure  regula* 
tion:  .^ny  departures  from  the  normal  will  alter  the  phj'siologtcal  coodi- 
tions,  atid  therefore  the  funclionation  of  a  number  of  organs  and  centcfs; 
and  ihese  alterations  generally  tend  to  restore  the  aormal  level  of  the 
temperature. 

Many  ci  thoc  facts  belong  ulhcr  to  the  dotiuin  of  jihj'uology  utd  puholoo" 
but  il  mny  not  he  nmiss  to  iurniDiiriM  ihotic  which  nrr  ncccuary  (or  protenti(i£  Ott 
phnriii:iii>I<i)7.ii'  |ilH-iiorncn(i. 

H««t  Production. ^H«al  is  evolved  in  the  Uestruclive  mctztialiMn  of  the  timic*. 
particularly  the  Tniiarlcs  and  viands,  ond  Ihia  fiuDishn  (he  "cbemical  factor"  in  hot 
rcguliiliuii.    The  produclion  oY  heal  15  thus  a  pftrl  o(  ordJsuy  meubolitm.     It  taaj  b^ 

„'CompreheB»ivc  bibUoemphlu  e»n  bo  («und  in  the  teviev  o(  O.  Lmw),  BfgBb.  PfeyiWL. 
W.  G.  MMCallum.  tUrvey  Lett.,  ivott;  uul  Knhl.  Pathol.  Phr*ioL 
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tnCTfuied  by  grrawf  acttvily  of  the  orBamsi  as  bjr  digcstioD.  by  muscular  «rork,  or  even 
by  intreuied  muicular  "  tone."  It  may  nlao  be  incrcn&cd  by  overfFcilinK  and  by  iajaty 
And  i>lhcr  dcitructivc  chauges,  u«,  fur  losluiice,  The  iacrcjiscd  litauK  dr3lrui:liun  of  io- 
fcctiaus  (overs. 

Converidy,  the  production  of  heat  may  be  diminishrd  by  icducing  metabolism;  by 
quietlnij  the  muscular  movements  nilli  morpliiit;  by  lowering  ihtir  (one  widi  ether;  or 
pandyung  tlicm  mih  curare;  by  stairnlion  or  by  depriving  an  animal  of  its  glyL-ogen; 
by  redudn^  nitrogen -metabolism  uiih  <|umini  by  rcdudng  tlic  cireulatJon  by  vasomotor 
OT  cardiac  depression  IcotlapBc).  etc. 

ImporUnce  of  the  Cbemic  Regulation.— Thii  may  be  judged  by  the  fact  thai 
aaim.^l-;  become  prnctically  poikolhcfninl  when  ihry  arc  parafvied  by  curo/r  (Pfluegcr, 
|S;H|  cjr  by  Itiub  section  ul  [lie  cord;  lliat  glycogen  free  unlmuiii  iitc  nol  rendered  febrile 
by  "hi-at  jjuiiclurc."  tit. 

Tbe  "specific"  b«it  productioii  (as  dislinguinbed  from  that  incidental  to  ordinary 
physioloiDc^il  aciivli>')  is  doublleui  under  the  control  of  the  central  nervous  system; 
llie  muNCular  tone,  for  instance,  depends  on  the  spinal  cord.  The  special  relation  of  the 
corpora  (lundrit^emina  to  heat  production  b  seen  in  "bent  puncture." 

Heat  Dissipation. — Heat  is  lost  mainly  by  the  rc^piruiion  and  skin — partly  by  heat- 
ing the  air.  and  partly  through  the  acjueous  vaiwr  of  tbr  lung^  and  perspiration.  The 
relative  imporlance  of  these  channels  of  heat  loss  differs  in  different  animals  and  in  the 
tame  lndividii.it*,  Hcconling  to  tircumslances.  In  m«n,  the  fMht  is  Ihe  chief  means  of 
nsolating  the  beat  loss;  lliis  would  be  increased  by  (utanftius  vasoJilalion  and  by  Jia- 
pktnHt.  These  are  therefore  the  "physical  factors"  of  heat  regulation.  On  account 
of  their  quick  rf*[iifn»c,  and  lesser  inlerfeicnee  with  the  body  at  large,  they  naturally 
conslilule  the  main  means  of  regulation  under  ordinary  conditions.  Vasodilation  of 
the  cutaneous  vc^cls  may  be  brought  about  direcUy  by  the  local  anplication  of  heat 
and  cold;  but  this  also  acts  rcfleily— so  that  Ihe  entire  skin  respond*  to  strictly  local 
vaiialion  of  temperature.     The  rreulaticm  oF  sweat  is  iireduminantly  central, 

Rspdation  of  the  Heat  Loss  Through  the  Skin- — Thix  neneraUy  invotvrs  a  spfcifie 
aeli^n,  taitial  ct  prriphrtal,  on  Ihf  lotic  n/  llu-  culiinf.i'ui  vfiirli,  often  rombin.id  wilh  The 
opposite  charigc  in  the  tone  of  the  s>'slemic  vessels.  Such  (banger  arc  a  eonsjiicuous 
feature  of  the  various  fevers,  and  may  take  either  direction.  The  pvrelic  aReot  may 
concdvnhly  act  either  directly  on  the  controlling  centers;  or  indirectly,  by  calling  for 
COmpeDtation  against  altered  neat  production,  etc.  The  cutaneous  circulation  may  also 
he  influenced  by^  a  specific  centra!  anion  of  certain  drugs,  especially  in  the  sense  of  vaso- 
dilation.    Thix  is  seen  most  lypically  with  ttnlipifin  •mil  Ihr  rfUtIrd  anlipyrelirs. 

Tfe*  Hypothetical  Tbennore^ating  Centers.— The  heat  regulation  is  disturbed  by 
opentlre  interference  with  terl^xin  parts  o(  the  central  ncr\-ous  system.  lIiKh  section 
of  the  (ptnal  cord  destroys  he.it  reguh'iion  completely.  Ablation  of  the  cerebral  hemi- 
iplieres  has  lilllc  effect.  Traumatic  or  electric  irritatii^n  of  vstious  parts  of  the  mid- 
train  (particularly  the  corpus  striatum  and  the  ponlo-bulbar  junction)  produces  a  ri»e 
of  temperature. 

niret-t  Applitalion  lit  Jliot  CtnUri. — Heat  regulation  is  markedly  affected  by  the 
direct  application  of  heal,  cold  or  drugs  lo  the  region  of  ihe  caudate  nucleus.  The 
lentperature  w,  Ibu-i  tahid  bj-  cold,  corrosii-e  poisons,  caflcin  or  "lelra;"  it  h  Umrttd 
fay  not,  chloral,  aniipyrin  or  quinin  applied  to  this  region  (.Barbour  and  Wing.  1913; 
uoclta  and  Wa»er,  11)14;  Haaliiuioto,  1915).  Indeed,  the  drugs  are  more  eflcctivc  fn 
thb  way  than  intravenously. 

Local  heat  to  the  corpus  striatum  of  rabbits  diminishes  the  oxidative  metabnliim 
lod  the  rcipiratory  volume;  local  cooling  of  this,  region  produces  the  opposite  effects, 
also  shivering  and  fall  of  body  temiJeralure.  The  oxidalive  changes  are  contributory 
caiues.  ralher  than  effects  of  the  change  of  body  temperature  (Barbour  and  Prince, 

'"**■ 

DirnI  Uraiiiii  •iiul  Cwo/r'ne  c/  Ctnltr  on  Rri^otL^r  to  Dfugi. — Thin  has  been  studied  by 

HasbiiDoto,  1015.     He  found  that  it  has  no  infhience  on  the  febrile  reaction  lo  Iclra, 

tpinephrin  or  la^e  doiies  of  cocaln  (s>-mpathctic  stimulants);  but  that  it  modifies  toidn, 

alt  and  anaphybciic  fever, 

Tbe  antipyretic  action  o(  antipyrin  and  salic>'tale  is  markedly  increased  by  heat, 
tCBcnred  by  cold.  After  quinin,  heat  is  efleclive,  cold  not.  Morphin  removed  the 
rtapODM  to  both  heat  and  cold. 

SmI  Centrri  of  KabM. — iMnschmlut  and  Schnitiler.  tou.  find  the  luber  cinereuui 
the  fsoct  important.  The  efferent  libers  lie  in  Ihe  uiudal  portion  of  the  midbrain. 
oiddy  scallercd  otxr  the  ventral  and  median  parts  of  the  cross-section. 

The  tuber  cinereum  is  not  the  only  center  concerned  in  lempcralure  rq^ulation;  bat 
iJils  fails  if  this  portion  is  destroyed,  wnilsl  the  preservation  of  u  part  of  the  tibeis  sufTices 
lor  the  function. 
so 
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Diretl  or  InddenlnJ  Regulation. — The  fact  that  ihe  corpui  «ri»W» 
or  luber  ciiiereuDi  U  intimately  concerned  in  beat  regulation  has  bev 
taken  as  evidence  that  the  n-gulation  of  heal  b  centraliMtl  in  these  H'^*-' 
MonH  of  the  midbrain.     Strictly  spealuns,  however,  it  proves  only  th*^ 
these  lie  in  the  nervoii^i  jmth  of  some  of  the  factors  concerned  In  h^ 
Kf^ulation;  the  heat  changes  might  be  an  Incidental,  rather  than  a  speci»^ 
part,  of  their  function. 

AppBrendy  the  strongnt  aigumenl  (or  >  center,  or  set  ot  center*,  having  to  t^^j 
epcdnc  functinn  the  icgulation  of  thn  tcmpcralurc,  )ic6  in  the  i.urpri*iiig  nunrocy  ****'' 
aitafhtbUily  oj  ihu  trgidation.    The  mainlcnance  of  k  oonsiuil  tenipei'aiuic  swat_    y 
call  for  *  thermu-rcguUiur  of  some  »ort.    Ev«n  more  Imptsaave  is  the  >em«rfc>tJ*y  ^ 
eflidcnt,oncini8htHkybielligciit,odaptiitionofthemcaDsli>t)ic(nd.    0(  the  nuineiO'^y  i 
poealbic  w>)«  oTcDitipeiiMUos  any  dcpsiluic  from  the  imrnial  heat  production  ordtlri^y*" 
tion,  the  orEumm  iieeins  to  choo*e  that  which  will  eSeciivtly  and  convenientiv  act^^^' 
plUh  the  purpoM:,  under  the  {^Tcn  tet  of  conditinns.    This  holds  not  ooly  foe  ue  i 
tcoancc  of  tne  Doraial  temperature,  but  whenever  there  is  a  deparluie  from  Ml 
there  is  a  similiir  efficiency;  when  the  tempexnturt  is  to  fine  in  fever,  the  rfae  ii  (cco 
pliibed,  on  the  whole,  hy  a  judidoui  ivJcclion  of  Ihe  mott  cUnclive  or  convcfiient  mear 
at  the  acme,  the  inlrq^iy  i»  readjuited,  nio«t  inielliKently,  to  preserve  tUs  higher  *" 
persture;  and  wlu-n  ii  comes  lime  lor  the  temperaluie  to  fall,  the  choice  of 
again  nuide  with  timilar  wisdom. 

In  brief,  we  appear  to  hnvc  a  thermo-resulator,  adfustahlc  to  various  tcnMn: 
to  xf  In  health;  to  40°  In  fever;  to  37°  uicain  by  antipvrctlCR',  and  this  rextilatot 
iritn  a  discriminating  judgment  and  choice  of  mean*  which  teerm  to  demand  a  superS-' 
order  of  Inldllgcncc  and  "free  will."     Tbcxc   ptychblo^c   altributa  beioj  uarn 
conceivable  in  a  pliy^iuloiclciil  funt'tion,  Uie  very  perfection  of  the  mochauMn  tcndi 
become  a  refutation  of  a  specific  iieal-icKulating  cenler. 

AiuhfyofSlood'PTeaiae  Rtguiation. — One  mutt  turn  to  a  limpltT  entlanatMo; 
here  a  pretty T^  anaJogy  presents  itself  in  the  maintenance  ol  the  nomul  blood  p- 
Tfals  also  involves  a  number  of  factors— the  work  of  the  heart  aad  tbe  toae 
vessds — wluch  may  he  altered  in  a  number  of  ways.    When  one  of  these  (acton 
altered,  eompcniatory  changes  occur  In  the  other  factors,  so  that  the  resultant 

SiresmiTC  is  generally  fairly  level,  just  ns  is  the  temperaluie;  and  like  the  lemperati 
ts  hdght  or  "pitcli"  can  be  "attuned"  to  vniiout  Icvcb.     The  cwenliol  fealuiea 
hlood-pretsure  reptlation  therefore  appear  quite  analoioui  to  those  of  hcftt  (c 
but  noone  speak3afasp<>ci(jc"blood-pressutoccnt*r.      Tbe  dISercBcc  Ucs  b  t 
in  the  cose  of  the  blood-preMure  regulation,  we  have  a  hit  knowledge  of  the  fa 
involved,  wherea*  with  the  hent  resulRtion,  our  knowledge  b  much  leu.    One  <Sfle 
ence  may  be  urged  between  the  two  functions.  lULmely,  tlidl  the  temperature  runs  1 
more  constant  than  does  the  blood  presiiure-     It  is  dani;crou^.  however,  to   Inidtn 

Suantitadve  comparisons  between  two  thlngt  whose  nature  i«  so  dwimilar.  But  ev 
ttds  difference  be  imporlani  it  need  only  mean  that  tbe  compcOMting  (oiKtiaiis  1 
affected  more  powerfully  by  cliitngn  in  temperature  than  they  are  by  cbaam  b  \it 
pressure,  whicti  is  likely  enough.  The  eueiitial  thing  in  dUier  case  is  ttdi:  that  1 
regobtion  U  not  cdccted  by  s  sncdnc  pirtiding  center:  but  that  rAMge*  in  my  < 
jMltrailft  tUt  fhysiolotUttaU  efatitkr.  ether  (Mott.ttiitriit  arid  ptrtflttMi,  ami  Ikiukr 
O&dkI  rAaM[«  in  Ihtir  fuiutiim,  •j.-hkh  gnuroiiy  nsiilt  in  t^mptjualUit:  anJ  iVw  ihisc 
vtOcenJiniu  ynlillH'  oritinitl  pkysiohiU  tiatt  i^  aU  Ike  fiuUn  is  rtttcred;  tka/  ii,  wad't- 
wW<  ivtidilivn  hat  rrlufiud  Id  the  a^nitl. 

It  itujircclynccesMiry  to  add  ihni  theshare,  and  therefore  ihcpraclkslbapei 
of  the  <lifle-tent  factors  i»  unequal.     In  this  sense,  we  may  speak  «  the  oonMfa  fi 
aB  one  of  the  important  "heat  centers,''  meaning  thereby  odIv  that  tbey  iu.vr  t, 
important  relation  to  heat  production;  but  in  Ihe  some  sense,  tlic  central  staiion  lor  • 
cutaneous  vessels,  and  for  muscular  tone,  or  for  convulsions,  arc  also  Important  "br-- 
centen. " 

It  is  one  advantage  of  thin  conception,  that  it  emphOMsa  the  impartial  Mudy  of 
actual  phenomena  of  heat  regulation.  These  are  complex  epoogh,  but  on*  msy  I 
to  trace,  o'entuaUy,  the  primary  cause,  the  starling  point,  of  a  given  change,  Md 
chief  Moondary  bonnes  to  which  this  ipirs  me.  These  win  vary  uoder  Ala 
conditions,  c^cti  of  which  will  need  to  be  investiRalixl  by  Itself.  This  accounts  lor 
many  iroperfectioni  of  our  knowledge  and  for  the  many  apparent  coniradicilaai. 
mil  therefore  be  wiicsl  to  restrict  ounelvct  to  those  data  which  are  pretty  deAait*^ 
talsbUshod. 
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Affi/toda  of  Sludyins  the  Mfchtinism  of  Ileal  Regulation. — Calorimetric 
measurements  give  the  most  comprehensive  information  of  the  relation 
of  heat  loss  and  heat  production.  The  caJorimcter  gives  directly  the 
quantity  of  Jte,al  lost;  and  from  this,  and  the  changes  in  internal  tempera* 
turc  of  the  animal,  the  heat  prodtulwn  can  be  readily  calculated.  The 
share  of  the  nitrogen  atul  carbon  melabolinn  in  the  heat  production  may 
be  deduced  from  the  nitrogen  and  carbon  dioxid  excreUoo,  and  from  the 
consumption  of  oxygen.  The  changes  of  the  cutaneous  vessels  and  their 
share  in  the  heat  loss  may  be  deduced  from  direct  inspection  of  the  skin, 
from  comparison  of  the  dermal  and  internal  temperalurc,  and  from 
plethysmographic  observations.  Tlte  means  for  localizing  lh«  effects 
centially  or  peripherally  will  be  discussed  as  occasion  arises. 

REACTIONS  WHICH  RAISE  THE  TEMPERATURE  (PYRETICS) 

Any  increase  of  heat  production  or  diminution  of  heat  loss  would 
tend  to  raise  the  temperature;  but  ordinarily,  the  tendency  is  offset  by  com- 
pensatory reactions,  .\  significant  rise  of  temperature,  i.e.,  fever,  will 
occur  only  if  the  change  exceeds  the  capacity  of  compensation,  either 
because  it  is  extraordinarily  great  or  because  it  involves  more  than  one 
factor.  This  break  in  com[>ensalion  may  Iw  caused  by  a  liirge  number 
of  agencies,  acting  through  diSerent  mechanisms;  only  a  few  of  these 
need  lo  be  considered  here. 

Beat  Puncture. — The  essential  element  of  "puncture  fever"  seems  to 
be  increased  heat  production,  by  increased  carbon  metabolism,  especially 
of  hepatic  glycogen.  The  compensator^'  heat  loss  is  not  adequate;  but 
It  b  not  known  whether  tills  disturbance  is  direct  or  indirect. 

Bttct  Puacture !» imporlanl  mainly  because  it  is  so  easily  subject  10  eipcriment  that 
it  it  pcrhiLps  bc»t  adapted  Cor  duddatiiw  the  nature  ol  febrile  unU  aniipyiclk  proumcs. 

1.  Otl|  Richct;  and  AronMKn  »nd  Sodis,  1684  to  1885,  nearly  <.imultancoiisI)'  dU- 
covered  Ilial  a  stAb  into  the  corpora  slriala  of  rabbiu  causes  a  rise  uf  icmpcraturc, 
slartinx  in  a  few  hoiin,,  icarhlng  a  considerable  hcLglil,  and  Inftiing  for  hoiiir  days 
(Tcchnic  in  Aronsohn  and  Sachs),  'rlic  effect  can  then  be  repealed  by  s  freib  punclurti 
but  fails  if  the  dcslniclion  is  extcnsi^-F.  It  can  aUo  be  evoked  bj-  electric  itimulalion  of 
tUc  icrion,  M>  that  it  consists  evidently  in  the  itiHiitliilion  of  a  fuHclion  concrrntd  in  itcul 
rt[atiiltoii. 

Relmtjon  of  Heat  Production  and  Dissipation. — Cnlorimctric  experiments  siinw  that 
the  riw  is  due  to  incrcn-'cd  hcnt  protlucl  ion  i^Richcl,  1895),  with  partial  comprn^ti  Inn  by 
InCTcawd  heat  Ipsa.  During  the  a^eiil,  the  beat  (ornialiou  nrid  loM  arc  bulh  incieascd, 
but  the  Iqis  lues  behind.  When  the  high  level  is  reached,  the  heal  formation  Icswna 
sooaewbat,  and  the  diuipation  Increases,  ta  that  the  temperature  runs  constADt.  In 
llw descent,  both  dccrea^te,  but  especially  the  heat  furmatJuu  (Schultxe,  1890). 

Hediuism  of  Que  Increased  Heat  ProdudJoiL—Thit  it  due  to  incrraied  carbon 
metabolUm  (inereostd  COj  eictelU>n).  The  nilro^vn  cscrctiirti  may  alw  be  incieaM'd, 
but  tl|i«  is  not  Msential.  and  ii  probably  secondary  lu  the  hyperpyreiia. 

The  riiM  occurs  in  cunrixcd  animaU  (lllr^ch  and  Mueller,  itaii  to  that  the  muscular 
metaboUitm  i»  not  eft»en<ial,  thouvb  it  may  play  n  part.  GtycuKcn-free  anluiaU  d«  not 
•hoar  a  rite  <KoU>',  190^).  The  liver  lempcraiurr  i-.  hij-h.  These  facts  indicate  (hat 
heat  puncture  acts  mamly  by  increasing  the  hepatic  metabolism.  Walhnum,  191  j, 
howe\-er,  believes  that  the  main  (actor  is  central  tlimulation  of  the  cutaneous  vevx-b. 

Rtgidalion. — The  uniform  course  of  the  temperature  showK  that  the  disturbed 
funclioM  hai-c  struck  a  balance — in  other  words,  that  (here  is  some  "reKulaliou." 
\ihtn  the  tctnjieialurc  i*  lowered  arlilicially,  by  external  cold  or  by  antipyrclics.it 
toon  recovers  its  former  high  level  <Schuliic). 

Tkt Pamt^ulbar  "Crnler." — Tschtdschichin,  iSbCi,  observed  that  the  temperature 
ibei  when  a  section  is  made  at  the  junction  of  the  |>uns  and  medulla;  the  same  reiuit 
bnom  eloctric  Kioiulaiion  of  this  region  (Jleidcnliain,  1870}  uid  iiritaiion  of  \arious 
Other  porta  oi  the  midbratu. 
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The  Hyperpyrem  of  Infection.— The  esscjitiai  element  of  infective 
fever  appear^  to  bi-  a  liisuirliuTice  of  tbc  central  lone  of  th*-  cutaneous 
vessels,  making  ihe  heat  loss  absolutely  or  relatively  inarfcquaip.  Th« 
heat  production,  and  particularly  the  nitrogen  metabolism,  are  generally 
increased;  but  ihis  is  not  essential,  and  does  not  exceed  the  limits  which 
arc  easily  compensated  in  normal  animaJs, 

Heal  PntdutlUn.— la  the  ssceat.  thi>  is  scncnilly  iDi:ri-Ji>nl;  but  It  may  be  oonnsl  or 
even  dinunifthed.  The  sitnic  holds  true  fnr  the  plutcau.  In  the  ilexxnt,  it  a  Kctimlly 
diminUbed,  particularly  if  tlic  lall  otcun  by  lysis. 

IitcrcitMia  hcnt  produclion  i^  therefore  a  chnrnctcritiic,  ihouxh  not  a  (omtAni  it»t% 
c(  the  rise;  bul  this  dom  not  prove  that  it  iti  the  tsscDlialeituwof  Ihi-  ruir.     Theicrc*!' 
IncrcBSR  is  witnessed  in  Llie  inlriul  chill,  and  is  UrKely  due  to  the  shivering  movema 
This  CHU^c  disippeurs  as  the  Icmpcratute  riw^;  nut  now  die  increwed  nclivity  at  • 
heart  and  respiration  furnish  further  cnu»c»  for  increased  heal  produclioti.     The  ! ' 
Icmperntufi:  of  the  l)Ody  must  also  acctlerBte  oxidalion.    Th<^  toxins  oS  ibe  Infe 
undoubtedly  cause  muri'  or  ie^  ceil  dettrut-'Iiun.  and  this  tnuteriol  niiut  be  oxi<l 
A  Urge  share — imssibly  nil— of  the  increnicd  hcnt  production  is  thus  purely  iitddeDlalii 
and  whikl  it  (joubtleas  fatilitati^  the  ri»c  of  lernjicratuie.  ii  can  not  be  eom*idcr«d  ai  xhH 
ewenlial  element- 

Tke  tilt  of  Ike  heat  produclion  is  the  «mc  ax  in  normalantmals,  (or  tbc  temptntlwof 
the  Internal  organs  show  the  same  relation  as  in  health- -ihclivxr.  for  instance,  bdu  the 
warmest.  From  thin  it  can  be  affirmed  tbal  tlie  ttlands  and  inutclc^  ImiIi  particiMte 
in  the  increa^;,  but  not  necessarily  in  Uie  normal  ratio— presumably  this  would  amer 
according  to  droumsuncei, 

OxidaJion.^T)xe  energy  (or  the  increased  heat  produi:tion  is  (uraiahtd  by  ondativc 
changes;  and  wilh  adequate  food,  the  main  source  consists  of  non-nitroseooas  material. 
The  glycogen  in  particular  tends  to  disappear.  However,  the  njtnigcn  tDetabolbai 
shovrs  a  charactenMic  relative  increase  From  a  number  of  causes 

Total  Xilrasfn  Excrrllon, — Increased  nitrogen  nictaboh'sm  is  a  nearly  constant  fea- 
ture of  infertivv  fever*.  The  increase,  hiiwevei,  does  not  run  parallel  lo  the  fever;  it 
may  start  before  or  after  the  rise;  and  it  generally  reaches  its  manmum  alter  Ihe  fever 
has  startcl  to  decline,  ll  must  Iherelorr  tic  :in  incidental,  rather  than  an  csscnlial 
feature  of  the  process. 

Ex^nalion  of  ike  Frbrilf  Incri^it  oj  Xilro^fit  .If  finiyfidn,— The  increued  nilroseB 
«Keretlon  denotes  iii(rea»ed  tissue  destruction,  (iiniple  ovcrhcalinK  aUn  increases  tfae 
nitrogen  excretion,  but  rclativeljJ  much  less  than  in  fever.  A  part  nay  be  aroxinted  lo* 
i>y  the  partial  inanition,  which  is  so  commonly  enforced  in  fever:  Indeed,  the  nitngen 
loss  can  be  entirely  prevented  by  an  anpli'  diet;  but  10  do  ihih  requires  mure  food  tbaa 
in  health.  It  may  therefore  be  ucceplcd  that  the  nitrogen  eitrelioo  in  fever  is  alira>-» 
greater  than  that  tor  the  •■amr  diet  in  health.  This  leaves  as  the  only  explanation,  direct 
toxic  effects  of  the  infective  ui>enls.  Ivadini:  to  cell  destrui'li»n. 

hiiermcdiMt  Nitrogen  Meiabolitm, — Very  little  is  fcnoHii  as  lo  whclber  Ihis  iskn 
the  same  course  as  In  ihe  normal.  P rcutnably  il  is  someThal  different;  for  the  tuea 
excretion  Is  relalively  low  (ihouuh  the  .-ibsolute  value  may  be  highj;  whibt  afluaiMua, 
uric  acid,  purin  bases  and  crcatinin  are  relatively  high.  The  urine  often  contalnscrcaila, 
albumen,  .icetonc  bodies,  o\yarids,  etc. 

Thf  Course  of  lltal  T>isiipiUhn.—The  heal  loss  is  always  deficietit  in  infective  (cvvn, 
abtolutelv  or  at  least  rctalitely;  and  this  deficicncv  or  failure  of  Ihe  heat  loss  to  cooi- 
pcnsnte  the  heat  productioa,  must  be  considered  tbe  ctwntial  factor  in  tbc  high  lem- 

Spraturc.     In  man.  Chew  changes  run  parallel  wilh  the  cutaneous  circublion     a  pale, 
ry   cold    skin    meaning    a   diminished   heat  loss;  and   tbe  ranveiM  (Kratu,   tA^i 
Matagliano,  iHMIt). 

In  the  ascent,  the  heat  loss  is  con.-kpicuously  decreased.  leadinK  to  tbc  characlcndic 
"chill"  (the  vasoconstriction  cooling  LBe  skin,  whilst  the  internal  temperalure  b  hqtb). 
During  the  continuance  nf  the  (ever,  the  loss  Ls  generally  increased,  abwlutety,  m  ai 
partly  lo  balance  the  increased  heat  production — ^ut  the  increase  of  beat  diuJpalkM 
IS  small  OS  compared  with  what  would  occur  if  a  normal  animal  were  produciOK  the 
aamc  amount  of  heal.  One  may  therefore  >ny  thai  the  diujpalion  rcmaipa  i«lsdiii^ 
decreased.  In  the  descent  of  temperature,  the  heat  loss  is  increased  rclalirely. »»  we" 
as  absolutely.     This  is  ihc  main  element  of  the  "(all  by  irisis-" 

Atlrrrd  Rraclien  of  Ike  CutatieoHs  rejir/r.— ^Thc  altered  behavioc  of  the  ealaOMW 
venels.  which  seems  to  lie  the  essential  element  of  (ever,  &ildft  esncMon  in  «ther 
directions.    Thcj'  arc  more  easily  ailcctcd    by  cbcmlod  and    merauucol   IrtitatiMi 
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iter,  tSji);  they  constrict  more  slrongly  in  rtspODse  lo  itlltici  (Hcidcnhain); 
*  mn  apt  to  undergo  dtcrnate  contraction  and  diliiUon,  with  little  .inpHtrni  cause; 
a  diriit  debtee  of  cooling  produces  chilliness,  clc.     These  phcnumcna  all  indicate  Uut 
■he  innervation  of  these  vessels  is  disturbed. 

Heat  Reguiatiott  in  Fever. — The  fact  that  heat  regulation  is  (li»iurl>e(l — 
because  one  or  more  of  its  factors  arc  (lisiurbed — <!ws  not  nic;tn  that  all 
regulation  is  abolished.  The  disturhed  functions  will  eventually  find  a 
new  level,  so  that  fevers  generally  run  a  more  or  less  regular  course — 
which  implies  an  adjustment.  Any  adventitious  change  will  alter  this 
adjustment,  generally  in  the  same  direction  as  In  normal  animal.s. 

Fevers  therefore  show  the  normal  daily  variations,  the  rise  dtiriiig  (he  day,  and  the 
foil  during  the  ni^hli  allhough  thcrii;  voriatiuns  may  be  ftmiillcr  or  tarKcr  than  normal. 
Artificial  cooling  and  hKiting  and  the  administration  of  antipyretics  provokes  the  vunc 
connpcnsatory  reactions  as  in  health,  though  these  arc  less  cileclive.  The  frUrile  letii- 
pcraturt  can  thi'reEoic  bi'  mure  easily  lowered  or  ruited,  the  chuniKS  arv  mure  eitcnsive 
and  more  i*«ing;  but  when  left  lo  itself,  the  lemjicrature  will  tend  to  waume  it*  ori^nnl 
febrile  level.  Il  miitht  therefore  lie  (.aid  thai  the  Icnipcraliirc  of  (ever  ig  ftdju-inl  In  » 
hijther  level  (Liebermifisler);  which  menuii  nothing  more,  however.  tJiun  this:  that  when 
the  altered  functions  become  constant,  the  lesullin);  lempernturc  mtist  aino  becnme 
cximtanl. 

Lutalhint  "f  t^  Frbrilr  /"roccry.— Considering  fever  us  beinit  esgcntlaliy  due  to  dis- 
turbed innervation  of  the  cutaneous  vessels,  the  site  of  action  would  jjreiumably  be  in 
the)ccnlcrs  controlling  the  (one  ui  these  vessels.  In  nccordanec  with  this  it  is  found  that 
(ever  dot*  not  occur  when  these  centers  are  <ut  i>lT  hy  high  section  of  the  cord,  «r  If 
they  ate  paralysed  by  deep  narcosis,  or  even  if  they  are  dcprcised  by  the  anlipyretioi, 

tltat  CenifTs  in  AHiiphyl'Uts. — In  scnsiti^ied  anim.ils.  the  injection  of  the  ipecilic 
Mt«)m  Into  tlic  heal -puncture  rt^on  produces  fever.  Tlils  docs  not  occur  in  normal  or 
ImimnitKd  aninuU-  The  centers  tlierefore  are  specifically  sensitized  in  anaphylaxis 
(Huhiinoto.  191 5). 

C«mpariiim  o]  Utai  Pumliirt  and  Inffctivt  Fnm. — These  two  fnrnis  of  (ever  have 
ceniiderable  retembluncc.  Both  may  show  increased  heal  production  with  inadequate 
hent  torn;  but  in  puncture,  the  production  nccms  to  preponilcrntc;  in  infections,  the  dis- 
turbance of  heat  losi.  Itolb  fornu  are  central;  both  react  sijnllarly  to  antipyretic 
drugs. 

Indirect  Hyperpyretics. — Quite  a  large  number  of  substances  are  apt 
to  set  up  fever,  particularly  on  subcutaneous  injection  in  rabbits;  and  in 
infants,  in  which  the  temperature  is  more  labile.  To  tliis  class  belong 
plain  saliue  solution  or  plain  water,  albumose,  egg-white  and  other  pro- 
teins, irritants,  etc.  Many  of  these  cause  albumosuria  (Kxehl)  and  they 
probably  act  by  causing  tissue  decomposition,  with  tlic  formation  of 
products  (albiimiises,  etc)  which  act  similarly  to  infection.*, 

Tetra-hydro-Beta-Naphthylamin.^ — This  substance  produces  a  very 
con.siderable  ri>e  of  temperature,  wilh  increased  heat  production  and  di- 
minished heat  loss.  It  is  not  known  which  is  the  essential  element.  The 
hyperthermia  differs  from  infective  fever  and  heat  puncture  in  that  it  is 
not  reduced  by  the  ordinary  antipyretics,  but  only  by  profound  narcosis, 

Compmilton,  DoMsr  and  t-^fuimcy. — The  subeUscc  has  the  ttructurol  lortnuU 

H      H, 


II 
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The  Mibcutoneoiu  injection  of  0,04  to  o.oj  Cm.  raises  the  temperature  of  rabbits  several 
d(sr<c*,  the  ri*c  starling  in  an  hour  ancT  persisting  over  four  hours;  but  it  fails  com- 
pletely in  M>me  uiimaU.  UuKS  react  similarly,  In  raan,  non-toxic  doses  du  not  product 
arise. 
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The  phennmeDa  have  bwo  citensirdy  studied  by  R.  Siern,  iSBQ  ssd  1890;  Hale 
While,  i»9J,  Socbaroff,  t9og;A.  Black,  tijii;  Fcri,  i9ii,aiulothcn,but«itboa<cte»nng 
vj)  the  mi-cbsnumof  it«»c(i(iR.  Cloeilaand  WoMct,  191  j,  have  Inv««tf|ia(oJ  lUdcHv*- 
uvcs  to  compare  (he  sltutlutp  and  uclions. 

Olhtr  ActitMit. — Aside  fiom  the  rite  of  temperature,  it  produce*  dyi^mea  and  r<»t>, 
ICMn«ss,  sometirnei  cunvulMona.      It   nho   revives    rabbits    Uuia  liiftit  chlonl 
(Airilo,  i()ii);it  nlsohnsimtK>rtant*ynij>ulliominiclic  atliciiia(Jou«i-u,  iqoq).    Si 
lation  of  the  ccrviciil  synipnlhetic  (mjrdnnAit,  exopblhalmos);  a  geim>l  vaiocofutricil 
Lnvulviiig  Liotli  culaneoui  und  sysiemic  vts&tli  (ri^e  o(  bluud  |»et!.ure!',  nuinlyof  perl|^1 
cml  origin.     It  bos  a  pcripheroJ  moderate  dilator  cllcct  oa  bronchioles  <Jack«m,  X^tfi. 
Elliott,  1Q14.  dcicribes  the  rapid  producdonofsastriculccraln  rabUis  (rom  hypodeniae 
injection.    It  w:ikFns  rven  decerebmted  animals  from  chloral  alMp— whilst  cocaJa  a»4 
cafldn  have  this  ellci.  t  only  on  normal  animaU  (Moritn,  iQi^)- 

Mechanism  of  Pyresis.— CiUurimeirlc  ob»ervailons  show  incrcaMd  beat  productioa 
and  diminished  heat  loss.  The  luttet  is  uerhaps  explained  by  Uie  vBM>coDMTKtlon;«iid 
the  increased  heut  prtiduction  may  ixi^bly  be  ascribed  cniirely  ta  the  incicnscd  miucular 
movements.  In  ncconiitncc  with  llii!i,  the  carbon  dioxid  excretion  i*  grcktljr  iacTcawd. 
whilst  the  nitroBin  excretion  is  but  liltic  nlfecltd.  The  heat  production  b  appmnlly 
the  main  clement  in  the  ri^c.  for  curnri/ed  or  deeply  morphtnused  or  ethcrued  *"'""" 
do  not  respond  to  the  drug  (Mutscliucd  I'eiiibtry,  igii)-  Thesclion  mutt  be  above  the 
medulld,  for  no  fever  occurs  If  the  carotids  lutve  been  blocked  by  paraffin  (0(t  and 
Scott,  tgo8). 

To  this  extent  therefore  the  eli[ect«  resemble  those  of  heat  puticlure;  but  whilat  tke 
puncture  fever  h  readily  lowered  by  antipyretics,  none  of  these,  i,(.,quliiia,  anlipyita|jJ 
etc.  or  small  doses  of  Morphin,  hove  any  marked  effect  on  the  tetra-fever  (Feri,  i9tt)>| 

Cocaia  Hypefthermia. — The  cfiects  of  cocaJn,  w  far  as  ihey  have  been. 
analyzed,  appear  to  agree  with  those  of  Tclra-hydro-naphthylanun. 


The  rise  of  temperature  is  due  eisentiallv  to  increased  heat  production,  mainly  L  _ 
Increased  miivemeni,  for  these  go  parallel  (Richct  and  LangtoU);  aod  the  rite  C»b  1 
pwcntcd  liy  curare  or  chloral,  bul  not  by  the  ordmnry  antipyretics  (Mwm).    The  bcrt] 
diuipBtion  is  slighll)'  increased. 

The  cocain  fever  does  not  occur  after  excision  of  the  caudate  nudd.MiCgcatinci 
its  action  is  ut  least  in  put  upon  the  Kamv  nervous  centers  which  afc  COaCOTCd  ' 
"hcjit  puncture." 

Atropln  HyperthennU.— This  may  fairly  be  attributed  to  the  muscular  eaeJtecieiiC, 
«nd  to  Ibi;  su[ipres;ion  of  sweat. 

Caffein  Hyperthermia. — l.ur^e  doses  of  cofTein  produce  a  slight  degree  o(  fevtt] 
(Binz,  itljX,  ntchcr,  ipii)-     This  could  be  explained  by  the  incrcucd  muscular  toM 
and  by  the  dilation  of  the  intestinal  and  consequent  constriction  of  the  superficU 
veosels. 

Muscular  Eserdse. — .\11  muscular  movement  incroucs  the  pii>duetion  of  beat.  la 
hcalih,  iliis  h  neurly  compcnsuied  by  IncrcnEcd  heat  lots  (sweating,  etc),  so  thai  ikc 
temperature  is  but  little  increased. 

Convulsants. — .Ml  convulsant  iioLsoiii  (santonin,  pncrotonn,  stiydwiii)  peoduc* 
charAdi-titiic  clunKei  in  Ileal  reguliiiinn.  Small  doses  cautc  increased  heat  loss  and  • 
slljilitty  smaller  heat  |>rcHluclion.  Lur^-cr  doBC»  cause  increased  nwlabo&iiB,  throngk 
muscular  action,  nnd  hence  incrensed  heat  production,  which  is  accompalued  by  s 
further  incrrife  of  heal  loss.  Puislylic  doses  diminish  the  heat  produclion  very  (Teatly. 
The  Umpfriilure  is  accordingly  variable:  Small  doses  tend  to  lower  it;  muderate  coD- 
vulsivc  dooei  would  increase  it;  poralytic  doses  lower  it  greatly.  The  beat  low  b  par- 
ticularly conspicuouH  in  smjll  and  yo\ing  animals.  whiUt  larger  animals  tend  to  SMW  ■ 
riw  »[  icmpcriiture.  with  mudcrule  doses  (llarnuck,  ivoi)-  )■>  traumatic  uusus, 
thermic  fever,  etc.,  the  lemperoture  may  rise  greatly,  usually  when  there  a  «  geneial 
disturhonce  of  bent  regulation. 

Eicessive  External  Heat—This  diminiabes  the  heal  dissipation,  and  tbettJ>y  imdi 
to  raise  the  lemperuture.  Tills  calls  forth  the  campensalory  reactioov— swealinfc 
cutaneous  hyperemia,  quickened  rcs|)iration.  etc.,  mniiuy  through  the  direct  actioa  <l 
the  healed  blood  on  the  renters  (c.j;.,  MiHirchouKr.  1911).  This  sets  ia  when  the  internal 
lemperuiure  deparls  but  a  fraction  of  a  degree  from  the  nornul;  about  as  readiljr  la 
fevers  a.'!  in  health.  The  compensniinn  it  more  or  les;  effective  for  a  tlac.  Wbta  It 
breaks,  there  results  the  plienomeua  of  "  thermic  fever." 
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REACnOHS  WmCH  LOWER  THE  TEMPERATURE  (ATmPYRETlCS) 

The  temperature  may  be  lowered  by  anything  which  lessens  heat  pro- 
duction or  increases  heat  loss.  Here  again,  a»  the  temperature  tends  to 
fall  below  normal,  compensatory  reactions  are  set  up,  which  ordinarily 
suffice  to  keep  the  lempcralure  at  the  norma)  leveL  Indeed,  it  is  highly 
difficult  to  dcpn-ss  the  temperature  materiaUy  below  the  normaJ,  except  by 
means  which  effect  profound  and  extensive  changes,  such  as  deep  narcosis^ 
genend  vasomotor  paralysis,  or  other  collapse  conditions. 

On  the  other  hand,  it  is  relatively  easy  to  lower  an  abnormally  hiRh 
temperature:  for  this  coincides  with  the  natural  tendency  to  return  to  the 
normal  physiological  state — a  tendency  which  must  be  alwa>'s  present, 
e\'en  in  fever,  although  it  is  not  effective  unless  supported  by  exlraneous  : 
means.  ■ 

Accordingly,  the  practical  antipyretics  become  such  only  when  the 
temperature  is  excessive.  They  have  very  little  influence  on  normal ' 
temperature,  partly  because  their  effects  would  result  in  more  powerful 
compensations  and  partly  also  because  the  primary  effects  themselves 
are  less  powerful  when  they  have  to  overcome  a  normal  state,  than  when 
they  are  assisting  an  abnormal  state  to  tlie  normal. 

Action  of  Therapeutic  Antipyretics. — The  theTapcutically  available 
antipyretics  act  in  several  distinct  ways:  TMc  application  of  cold  {baths, 
etc.)  results  in  thcdirect  abstraction  of  heat;  <JHif^yW«,arf^(amV(rf,  pkenace- 
tin,  etc.,  increase  heat  dissipation  by  dilating  the  cuuneous  vessels;  their 
action  is  centra!  and  consists  presumably  in  a  specific  depression  of  the 
central  tone  of  these  vessels.  Qmnin  d'imirushes  heat  production  by  a 
direct  (peripheral)  depression  of  nitrogenous  metaiwlism.  Aconite  and 
wratrum  probably  lessen  heat  production  by  slowing  the  circulation. 

ReLtlioH  la  Ileal  CenUri. — ,\11  the  anlipyfctic.i  dtprcii  icmpcrpiture  vcrj-  eflectivtljr 
whcD  applied  directly  to  the  caudate  nuclei  {*ec  page  ug).  Wncn  the  central  cnntrol  in 
exciudi;d.  (tuinln  is  still  antipyretic,  while  sntipyno  nnJ  saUcyl  leod  to  taifx-.  the 
tn&iwrature  (l!.i:n!.irhmidt.  1913;  Buixxir  and  Denning.  iQt^}. 

External  Cold.— Rcgulatbn  ngAm&t  cxtcrnni  tcmpcrjituic  i&  effected,  in  the  first 
pla«^  by  rcdcx  cunstrictioo  of  all  thi:  tulaufous  vessels.  ThU  in  it«clf  proriurca  the 
BCmatkiB  o(  chilliness.  If  thU  physic^il  regulation  is  not  effective,  the  clicmic:il  teituls- 
tion  Kts  in,  the  hent  production  being  incrciscd  by  invo1untjr>-  shivering.  Indeed,  the 
Ofboa  dloxid  Hnd  hent  production  is  tncteased  bctote  ii  comes  to  vigiblc  movcmeDtt, 
by  a  mere  increase  of  "  tone." 

Vigorotu  individual*,  when  the  cxtetiul  cold  is  withdrawn  in  time,  usually  preaeiit 
a  "itactton,"  with  eul*neou3  hyperemia,  etc. 

Febrile  patienli  compensate  against  cold  by  the  same  mecbanisms  as  Ihe  normal; 
but  ihr  compensation  is  not  a?  elfcctivc.  so  that  obnormuJly  high  lcmt>eruturc9  arc 
reduced  more  readily. 

Quloio. — ^Therapeutic  doses  have  littJe  or  no  effect  on  normal  tem- 
perature. The  same  doses  lower  febrile  temperature  (although  not  quite 
as  effectively  as  the  antipyrin  group).  The  mechanism  of  action  consist- 
primarily  in  diminished  heat  production,  through  limitation  of  tlie 
nitro^fenous  metabolism.  This  is  especially  marked  in  fever.  This 
action  of  quinin  is  pcrit>heral,  i.e.,  directly  on  the  heat -producing  foci. 

The  diminished  heat  production  ten<b  to  set  up  sccon<lary  changes, 
particularly  a  limitation  of  the  heat  loss.  These  are  adequate  to  prcser%-e 
the  normal  temperature;  but  in  fever  they  respond  very  imperfectly,  thus 
accounting  for  the  fall  of  temperature  (Literature,  S.  Weber,  1904).  _ 

In  malaria,  and  iw-ssibly  in  some  other  infections,  thesupcrior  efficiency 
quinin  is  due  to  its  specific  destructive  effect  on  the  infectious  agent. 
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Latjtr  [low«  of  qujnin  loot  neccMaril^  toxic)  lower  even  the  notmal  tcmpcTsiiuc, 
iiomclim«s  with  3  prdiminnry  ri«c.  Tviic  dor.t  lower  ilic  icmperUure  proportional  to 
the  cult.ipw  which  tlicy  induce. 

r^  rrlation  aj  heat  produclion  and  heal  Uas,  aUh  Harmal  and  /ttrik  trmftretart  i* 
well  (liown  in  (he  fullowiiis  quanlltalive  dat*  liom  the  calorimetric  eipcnmcnti  of 
Gutilieb,  :85i : 


Oaiois.  o.  I  Om. 

P«l!  nl  Um. 

Lvvvl  of 
irTnp«atur« 

Normal   rabbit 0.1-0.5°         38.6" 

Puncture  (ever .    .           i-:  4°         39.7-40" 

1 

lltat  Production. — This  is  diminisked  in  normal  aQimnls  and  much  more  la  fcvtt. 
The  decrease  concerns  practically  delusively  the  nitrogen  metsboliim. 

Siltof^rn  MdahoSiim. — ^This  is  diminished  quite  materially  by  iraall  ilose*,  eroL  ] 
normal  animal!!:  with  large  doses  the  reduction  may  reach  39  per  crnl.    The  rrda 
u  often  preceded  by  a  primary  rise,    'ITic  decrease  is  markedly  Kreater  in  (ever, 
ratio  ol  urea  to  total  nilroficn  is  not  altered  by  moderate  do^cs  t  Prior,  iii$4).    One  1 
\>e  templed  to  ascrilic  this  diminution  of  nitroRcn  to  the  diminithcd  uliliiatioil  of  lo 
Although  this  undoubtedly  plays  a,  part,  liie  dlminuhed  excretion  Is  outof  sUj 
tion,  so  that  the  nitrogen  content  of  the  body  incrdue*.    Large  dotes  of  1 ' 
have  a  similar  action. 

Oxidtition. — This  m-irked  inSuence  upon  nitrugrn  metnboliun  b  InooiupicuOtt  I 
tnit  to  it(  want  of  inllucnce  upon  oxiaaiion.    The  quantity  of  O  abcorbed  and 
sivrn  ol!  i^  piactlcAlly  unulTectca  by  medicinal  dosci  uip  to  i.j  Gm.).    Tbcrc i*  a  d  _ 
inc[en.->e,  but  not  mure  than  can   be  accounted  for  liy  the  excitement,  chUlinoB,  MC>| 
The  abnormnlly  higli  irnseous  metobolbm  of  fever  is  reduced  to  nonnol  by  quiain;  I 
this  i«  probably  the  result  of  the  aniipyrclic  eUcct  (StraiiburK,  1874). 

.Yi/rium  Strtab'AUm  jj  a  Sourer  a/  Energy.— The  fact  thai   iiuinin    le*»en»  h(«c| 
production  without  lessening  oxidntion  is  interesting.     Wo  are  accustomed  to  lo«fc] 
upon  the  e.icrclion  of  COi  as  an  index  of  chcmic  change*  rtsulttng  in  (be  iibcratka] 
of  energy  and  consequently  of  heat;  and  the  excretion  of  COj  is  not  affected  by  qidnJlL^ 
But  since  the  calorimclcr  «hows  conduMvely  that  the  production  of  beat  it  diminiibcd 
by  it.  especially  in  fever,  this  interesting  fact  merely  forces  ui  to  the  conctiition  ihit 
oxidation  h  ni)r  the  only  source  of  hcut;  that  lieul  may  alao  be  liberated  by  olher  cfau 
— by  the  splitting  or  hydration  of  nitrogenous  molecules,  in  the  course  ol  sbjck  I 
nitrogen  h  converted  into  urea;  and  ihitt  thete  change*  arc  lhoa>c  which  aielnndeTCd  by* 
cjuinln.     The   reduction   by  quinin  wuuld  n.'itutully  be  greater  wbcn  Ihit  BitroKeaou 
metabolism  is  ciccs^ii-ely  high,  as  is  the  case  in  fever. 

Hiat  Imsi. — In  normal  animals,  this  is  variable,  genemlly  tlighlly  incrtaMd  hfi 
cutanei^us  vasodilalion.     In  fever,  ihc  heat  loss  generally  undergoes  w^-  little  fhaagM^ 

Tlif  (ssrHtiat  shart  of  the  diminiihed  hral  prodaelion  M  al»>  demonslraird  in  »evfnl 
Other  ways:  The  quimn  fall  occurs  rven  when  the  factor  of  heat  Iom  is  practicaly 
eliminaled  by  high  external  tempcrntiire  (Lcwitsky,  i^fio);  it  occur*  when  variatkoa 
in  the  cutaneous  circulation  arc  cictuded  by  high  section  of  the  ipina)  cordCKkiUiyn 
and  Quincke,  1869);  indeed,  it  is  here  even  more  marked,  becauK  it  cannot  b«  com- 
pensated by  diminished  heat  loss. 

Tkf  ActiouftJ  Quinin  is  Prriphfrol.—Thri  Is  shown  by  the  ob»er\*atioii  ol  Bins,  1870^ 
that  quinin  prevents  the  postmortal  rise  jf  temperature  which  ordinarily  occurs  vheaJ 

the  Epioal  cord  is  divided  and  heat  loss  is  preii-cnted.     Thi.-i  conclusion  is  also  in  barn ■ 

with  the  fact  that  quinin  is  a  general  priilopla^mic  poison,  reducing  the  melabt 
(for  instunc:>  the  hipiniric  acid  synthesis)  in  perfused  orKuns,  Icurning  the  oatbtio*  ia 
excised  muscle  (Senia,  igoW  I,  and  retarding  the  action  of  teiim'nts  generally — wUch  1 ' 
couiTic  play  an  im]i»rlant  tAle  in  the  chcmic  changes  by  which  heat  u  liberated. 

Ejffetl  on  Conipmuitory  Mftkanism. — The  (KCt  that  the  norma]  Icmperature  b  neC^ 
lowered  by  quinin  shows  that  it  dois  not  impair  the  normal  compeiiMliao.     Thii  b 
eflectcd  by  two  means:  increased  carbon  metabolism  and  dinunii^bca  heat  Iom. 

£j)CciVncy  i'h  llul  Puneturt. — It  is  often  nlJirmed  that  quinin  is  rdatlvdy  mrifectrwrj 
in  beat  puncture:  but  the  table  shows  that  it  is  fairly  eflecuvc.     Not  intKli  Kdcttti 
be  attached  to  slight  quantitative  diifcrcnc^. 

Acetanilid,  Phenacetio  and  Antipyrin.~Tbe»c,  sa  also  their  nutneroul 
derivatives,  and  the  whole  scries  of  "coal-iar  aniipyreUcs,"  act  ea«n- 
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tiaUv  alike,  so  far  as  U  known.  Their  gross  effect  on  temperature  is  similar 
to  UMt  of  quinin:  Therapeutic  doses  have  little  or  no  effect  on  normal 
temperature;  in  fever,  ihe  same  doses  reduce  the  temperature  toward  or 
to  normal.  The  mechanism  of  their  action,  however,  h  (niite  differenl 
from  that  of  quinin.  Their  primary  effect  consists  in  dilating  the  cuta- 
neous ves.sels  and  thus  increasing  heat  loss;  the  action  hcinx  central,  pre- 
sumably a  specific  depression  of  the  centers  which  control  the  lone  of  the 
cutaneous  vessels.  This  entails  secondar>*  changes  in  heal  production, 
etc.,  which  suflice  to  prevent  the  temperature  from  falling  below  the 
normal  level,  but  which  arc  not  sufficient  to  prevent  the  fall  to  the  normal. 

LuTt'  doits  cnuic  ccintukrahlc  fall,  ctcn  of  llic  norinnl  Icmpcriiiucc,  >vitb  evidenced 
of  oolUpK. 

Thf  rtUition  of  hral  prodttflion  and  kcal  his  mav  agnin  be  illuslratcii  by  ihe  cnlori- 
metric  dktu  of  Goltlich,  ilt^i.  .\  compnrisnn  of  IhU  Inhln  wilh  thut  fur  r|uinii>  tpuKe 
4S*>  rfiows  »t  once  the  jtriklng  differciiccs  which  were  imphnsi*ed  in  Ihe  pr«ctdiog 
paragraph . 


Afitipr'ii^  ^-i  Oxn. 

VilW  of 
lenipcnttvre 

tacnpunttun        productioa 

tl->i 

a8.fr-38.g        +5-9% 
39  J-41-6         +i-lo?t 

-1-10-10% 

+ai-S5% 

Puncture  f^vcr 

I 

I 


Btot  Lass. — This  is  Coosidenibly  increased  in  normal  animals,  und  Uic  inctciue  in 
levcriU  times  'g.tvala  in  fever  (im  the  preceding  toblcj. 

Ht-ii  Prcdudinn. — The  cnlorimetrlc  data  show  »  roodpraic  compensatory  IncreaM, 
more  muknl  at  normal  temperature  than  in  fever.  Tbe  metabolism  data  ore  caa- 
tradictory  (Review,  S.  Webet,  1904).  Gxtefsive  doses  (0.75  (ire.  in  rabbitu]  diminish 
h«U  production,  prAunubly  by  incipient  oullapse. 

Hitr»tfn  iSilt^olism.—VJilh.  Ihefnpeutic  do5«,  tind  normnl  tcmpMnture,  tbe  mults 
an  variiiblr,  gencriilly  negative  or  some  full.  Large  doses  often  IncreAtc  the  nilrojicn 
t-icrctioo,  especially  in  man.  In  fever,  Ihcraprulicdosesdecrease  the  eiceraive  nitrogen 
metaboliam. 

CdrtiHi  Dicxid  Mrlabollsm. — Therapeutic  doses  wilh  normal  temperature  produce  no 
chauccor  tatac  dccrriivc.  Larifcr  doses  (i  to  j  (iin.  of  untlpyrin  fur  mun)  (Uoduce  a 
■■nallbut  unnuslakuble  decrraic  in  both  gaseous  eichangc  and  nitrogen  excretion  Cind- 
pjent  coUnttc?).  The  cUcct  on  carbon  dioxid  mct.tboli.im  U  also  inconttjint  in  fever: 
Therapeutic  dmcs  may  somcwliat  EiicrcuM  or  diminish  the  CU>  excretion,  or  leave  it 
practically  uncbanKed. 

Aflrr  the  faU  e{  Itmbrralurr  hm  stt  in,  ihe  carbon  and  nitrogen  metabolism  are 
eommooly  lowered.  Ttui.  may  be  ftscrihed  to  the  rrmoval  of  tile  hyperpyrexia,  (or 
nielxbolism  is  naturally  less  active  at  the  lower  (em|>erature. 

Asti|>y(in,  and  csjiecially  I'henacctin  and  Acetunilid.  decrease  tbe  arterial  oxygen; 
the  COj  i«  Ics*  changed  (Kccini,  191  j). 

Til*  tvspiraltan  oj  cuit/d  mmtle  is  not  allcctcd  by  unilpyrln  (In  contrast  to  quinin 
and  aaticylale)  untcu  verv  high  concentrations  are  uied  (Senla,  looS). 

Mrekatiiita  af  Ihe  Full  e{  Trmferalnn. — The  constant  feature  in  the  action  of  ihc 
untipyrin  iroup  Is  the  iiKrni.'^cd  neat  loss;  and  ihis  mu''!  ihcri-frite  be  considered  the 
tptciuc  element  in  their  antipyretic  action.  The  incunstuiicy  of  the  variations  of  the 
heat  iwoduction  indicates  liiat  ihcM  ore  secondary  irsults. 

Alttktiniftn  oj  Ihf  ItutMted  lleitl  Less. — This  might  ijcrur  ihroiigh  an  increased  pro- 
duelion  of  sweat,  or  by  exposing  a.  loiter  amount  of  blood  to  the  oxiliug  influence  of  Ilie 
iurroundings  hy  dihMion  af  Ikr.  eMaataui^isds.  In  the  cose  of  this  group  it  isactom- 
jJislwd  by  thel^ltof  inc^ilis. 

Tbe  ffilaliilion  may  be  dedut-ed  from  the  hot  and  rcnldcncd  skin;  it  can  be  pl.iinly 
shown  by  the  plethvimograph  IMaragUono,  tSSo).  .\nd  since  liiereductioQ  occurs  even 
after  atropin.  which  suppro-cs  the  secretion  of  sweat,  the  latter  is  not  essentia].  The 
*ti«iiiatalwn  h  conSntd  If  Ihe'culaneMu  vnttli,  and  this  is  importanl,  since,  if  ihe  blood 
vwels  in  the  rcm:iindcr  of  the  body  were  alu>  dilated,  the  circulation  through  the  sldn 
mnild  be  diminished  rather  than  increased,   'I'his  liinilation  of  the  vasodilatation  lo  Ihe 
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Mgpon  coQcemed  vi'ah  ihc  regulation  «(  lempeuture  alM  indicftUs  tkat  die  Acdan  ic 
central. 

Localization  of  Action. — Antipyrin  docs  not  lower  the  temperaiore 
after  high  section  of  the  spinal  cord  (Sawadon-ski,  iS88),  even  if  the  tem- 
peralure  is  artificially  raised  by  external  heat.  This  constitutes  a  con- 
spicuous difference  from  Qtiinin,  which  latter  is  effccti^t  under  the*e 
conditions.  The  result  shows  that  the  x-asodilator  action  of  antipyrin 
is  located  above  (lie  spinal  cord. 

Antipyrin  also  does  not  increase  the  natural  nit«of  fall  which  occun 
when  tlie  brain  is  divided  at  the  posterior  margin  of  the  corpora  siriaia, 
Thi^  might  mean  that  its  normal  action  is  above  this  region;  but  we 
know  too  little  about  the  results  of  this  operation  to  make  conclusions 
safe. 

Antipyrin  does  not  interfere  with  the  normal  compensation  against 
increase  of  external  temperature;  in  fact,  it  renders  the  compensatioo 
rather  more  efficient.  This  goes  to  show  that  its  action  docs  not  conaf>t 
in  a  depression  or  narcosis  of  heat  regulation  as  such.  (Toxic  doses, 
however,  render  the  compensation  less  perfect — a  natural  result  of  cxten- 
Mve  toxic  action.) 

ydure  of  Atiion.- — A  priori  tiiere  ate  si'vctftl  possibilitiw: 

I.  A  tUrect  action  (presumably  depressant)  on  the  crnler  ptcudin^ oi'cr  the  lone  d 
tbc  cutaneous  vessels.  This  would  be  more  marLMl  in  (ever,  DccauM  tt  would  coinddc 
with  a  spontunruus  tendency. 

1.  Depfcasion  of  the  hypothetical  specific  hcnt  icgukting  centen.  ThLt  would  be 
more  mark^  in  h\tt,  because  the  ''excited"  ceoters  arc  more  subject  to  (atlsxie  and 
hence  to  dEjircssiuii. 

3.  Rcslorjition  of  the  n-bnormoUy  high  "pitch"  of  the  ipeci£c  teguUting  ccntcn  l« 
their  normal  [Mich  (Richtcr). 

The  first  explanation  accounts  for  oil  the  facts  «>  for  ntabliihed;  the  Mbets  iKiM 
fall  with  the  Eupertluous  conception  of  specific  hcftt-rcKuUttng  ccnlcriL 

SaUcyL — Aside  from  the  specific  effect  In  rheumatic  fc\'er,  the  anti- 
pyretic action  is  relatively  feeble  and  has  not  been  snti.'^actorily  analyzed. 
Presumably,  it  is  similar  to  that  of  acetanllid  group,  i.e.,  increased  heat 
loss.  It  is  certainly  not  analogous  to  that  of  quinin,  for  the  nitrogen 
excretion  is  primarily  increased  (Weber);  although  there  is  often  a 
later  decrease.  The  oxidation  of  excised  muscle  is  retuded  by  small 
concentrations. 

Morphia,  Opium  and  Codein. — Small  dosts,  a(;cording  to  Gottlieb, 
1S90,  act  analogous  to  acetanllid,  i.e.,  by  incresified  heat  loss  (cutaneous 
hyperemia).  There  is,  however,  at  least  one  important  difference;  the 
fall  is  as  great  from  normal  lis  from  febrile  temperature. 

Narcotic  Doses. — These  cause  a  much  more  murlced  lowtrinit  ol  the  teaiperattue 
(sometimes  this  may  be  preceded  by  a  slight  rise).  The  tah  may  be  as  huge  u  itX 
with  lar);f  doses,  tbc  extent  depeoding,  howcvtr,  more  upon  idiuyocTMy  IbU)  upoD  th* 
dose.  The  cooling  h  particulurly  gre4t  i!  the  animal  b  kept  in  cold  Rurroiuuluip. 
The  cause  of  the  f^  h  n  liimtnisbed  heat  production,  which  may  t>e  roductd  b^  So  Jfet 
cent.  In  extreme  cose^,  teaching  its  minimum  in  the  third  hour.  The  beatloMMdinull- 
bhcd  (up  to  10  per  cent.),  partly  throu((!i  Ihe  effort  of  the  heat  centers  to  compconie 
for  the  diminished  production,  partly  throujih  the  de|>re»ed  circulation. 

Apomorphln.^This  disturbs  hent  rrsulntion,  iolubiting  the  polypnea  and  iiiiveria( 
nnction^  to  artificial  fever  (Magne,  i'ji4). 

Alcohol. ^This  also  increases  heat  dIs.<iipation  by  dilating  the  cutancotis 
vessels.  This  warms  the  skin,  and  hence  produces  the  sensation  of  heat; 
^t  the  internal  temperature  tends  to  fall.     Even  small  doses  therefore 
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lower  the  resistance  to  cold.  With  larger  dose*,  the  cotnpcnsaton,-  heat 
production  is  also  impaired,  and  the  tcmperuture  (alls  rapidly.  This  is 
seen  more  conspicuousl>'  in: 

Ether  or  Chloroform  Anesthesia. — ^In  these,  some  taH  occur*  even  when 
the  patient  h  protected  against  loss  of  heat,  showing  that  diminished  heat 

[iroauction  is  an  important  (actor  (Scheinesson).  This  is  reflected  in  the 
eiisened  carlxin  dioxi<t  production,  and  is  due  to  the  muscular  paralj'SJs 
and  decreased  muscidar  tone.  In  the  I'lnal  stages,  the  dissipation  is  also 
lessened  by  the  failure  of  the  circulation,  but  th^  is  not  sufficient  to  ofeet 
the  lessened  production.  If  the  animal  is  not  artificially  heated,  and  if 
the  coma  is  of  long  duration,  the  temperature  may  reach  a  vcrj-  low  IcvcU 
Circulatory  Collapse. — Any  reduction  of  tlie  circulation — whether 
cardiac  or  vasomotor — lowers  heat  production,  and  also  tends  to  lower 
heat  dissipation,  since  less  blood  circulates  through  the  skin.  The  ad- 
i-anced  grades  of  this  action  correspond  to  what  has  just  been  described 
for  anesthetic  coma.  The  slighter  grades  are  produced  therapeutically 
by  Aconite,  Vera t mm,  Colchicum,  Digitalis,  etc.,  but  practically  tliey  are 
not  very  effective  unless  the  dosage  exceeds  the  safe  limit. 

The  collapse  phenomena  are  particularly  important,  because  febrile 
patients — especially  when  weakened  by  a  prolonged  infection,  with  their 
diculation  impaired  and  poor  heal  production — are  very  subject  to  them. 
Here  collapse  mayresultspontaneously,  or  by  the  withdrawal  of  the  stimu- 
lant effects  of  the  high  temperature,  or  by  antipyretics  in  doses  which 
would  not  be  dangerous  in  normal  individuals. 
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The  trcRtmtnt  of  fever  hns  ilnnys  been  tinctured  by  the  views  which  liniT  nuccwi 
ivety  prevnllrd  concecnliig  its  njitutc.    When  fever  wh^  i;unsi<I<Mcil  nislnly  aaSMbJe^ 
live  condilioii.  attealioa  wif,  directed  piincipully  to  the  <'(!n^uli^as  of  heat  and  thirst, 
•Dct  there  aroic  the  class  oi  rrftigrr.inli,  including  the  dilute  mineral  ncids.    They  ate 
UMfid  even  now,  c&iicclally  cucbuniited  tlriulu,  in  cunjunclion  with  olher  treulineDl. 

On  tbc  Qthcr  hand,  alJtaJIci  and  organic  acids  have  been  UDcd  to  counteract  the  ten- 
dency to  acidcaU. 

A*  pli)ji.tejl  observation  Ottae  more  into  fashion,  the  quickened  pulse  of  fever  fixed 
tbcadcntioD  of  the  dinicians,  and  it  was  attempted  tocombataUtheconditions  of  fever 
by  llofdllg  the  pulse.  The  so-caJIcd  clna  of  cardiM  depraianls  ome  into  vogue.  They 
jadiide  mtwtances  lurting  in  various  wnys: 

AecHkt  and  vrtalrtim.  produtinit  vai"<i5  ilimulatiou  and  tcvncraj  full  of  lil'Kwl  pres- 
Kire.  Diptalii,  producinK  a  ^uwtd  heart,  but  increased  blood  flow.  JV'uifjrijn/i.  as 
Urtar  cfnetic,  ai'ting  secondarily  through  tbc  noutcn.  Potanium  ults,  which  have  a 
direct  •ctioa  on  tlie  he&rt. 

It  doc*  not  need  Krcat  aciuneD  to  percdve  that  remedies  with  actions  vo  diwree 
could  BOt  be  succcsaful  if  employed  indincrtRiinatd)-  in  all  cases  of  fever.     Some  have  | 
atSk^ace  in  rational  thcraiKUtics,  but  only  when  used  for  special  indicalioMii  Atimite\ 
O0CK  advonUgea  over  the  inlipyielics  if  the  fever  I9  of  a  short  h<Kh  type;  diplidii,  H 
the  heart  b  wnk  uid  iiresular.    Whether  nauseants  and  poUusium  ore  ever  indicated 
against  (ever,  aa  »uch,  U  very  doubtful.  ' 

Vihta  the  Ihcrmomelet  wn*  iniroductd  into  medicine,  and  it  was  recognized  that 
an  rIcVBlion  of  tempeniture  vna  the  bet  indei  to  febrile  cunditiuns,  oiitipytrik  nuat- 
iu*t  came  inlu  prominence. 

In  regard  to  tbc  application  of  antipyretic  mrastira  in  fever,  it  i«  c»enliat  to  bear 
ta  (usd  tliat  they  haic  iu>  ditfrt  rftfli  oa Sever,  tc<rpt  uf^n  ti*  tcmpttalvre. 

Exceptions  lo  this  genera!  itutemetic  ate  the  action*  of  quinin  In  maUria,  ol  Mlkjr- 
latesin  acute  articular  rhcumBliim,  nnd  the  »na.lgcsic  action  of  the  ooal-tAr  producta. 

For  the  mt.  they  strike  neither  ii  the  cause  uf  the  fever  nor  st  any  (ymptonis  other 
thin  (hose  rcMitinti  from  the  hyperpyrexiu.  They  mslte  the  type  ot  the  diMosc  neither 
k«  Mvcre  nor  shorter. 

lit  malaria,  e^.,  antipyrctict  may  ptcvenl  the  development  of  a  paroxysm  ot  tevo; 
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but  they  do  not  attack  thecnusc  of  t)iecli)ira*ctUtilnMr)uinin:  far  tlicircflKt  is  not  bat* 
JOB,  not  does  their  continued  administrniiim  Inad  to  .t  rwlutiion  in  iJii;  size  of  Ibt  spltcn. 
Thc^y  Ml:  *  syrtiptnmntic  ;tnil  nut  h  tpri'itit  mudv  nf  trmlmcct.  And  tymptomlit 
iKntmcnt  miut  aluuys  be  curried  on  n/iUiKceat  i:;irc.  I»(  murv  liiiim  than  gooduould  re- 
sult. But  where  it  is  not  possible  to  itlack  liie  tau-ie.  il  is  ollen  advisitUe  to  ronovc 
obJKtioaiible  symptome.  The  ques.Tion  then  is.  Hay  a  rrJuciion  it/fevtr  InKftrtlmnit 
ustfulf  It  must  be  borne  in  mind  thai  hyperpyrexia  h  odeii  u  prutcctit-e  mechaiiMn. 
Thiiisshownby  the  onjet  of  collapse  inccMBincnsci,  i(  thcstimuluiof  tbch^lcmpen^ 
ture  be  lemuvcd.  Also,  bocleriolugic  t(sc»rch  has  shown  thai  with  noM  Gactcm  ik 
optimum  [rmperature  for  development  is  confined  within  very  narrav,-  UmJIs.  whidi  an 
twtcded  by  the  tcmpernturc  o(  (ever.  The  Irndrmy  of  fever  nmy  perhaps  he  said  to 
be  useful  ill  fill  tuaen,  liul  ^^  ^i  multei  of  fact  it  usually  leads  tu  mure  aanuKC  tlun  cood. 
The  ccIIk  uF  tlic  mammuliiin  ori-.-inism  ure  nut  adjusted  to  work  under  the  Conditions  of  lo 
high  n  temperiiture.  It  h  delrimenln.1  to  them  ns  well  as  to  the  bacteria, iJid  tonnttimtt 
more  so.  lis  cilects  consist  in  lassitude  and  enervation,  in  gcncralditMnifott,  resllrw- 
Dcsa,  irritability,  and  delirium.  The  respirution  and  heart  are  quick,rMd.  Tbc  meta- 
bolism, and  especially  the  chmination  of  nitrogen,  is  greatly  increued.  Tliis  leads  to 
emaciation,  diminished  alkalinity  •>(  htuud.  deitctic ration  of  IreporttDI  ofSUts,  etc.  AD 
these,  joined  perhaps  (u  a  flcleierious  action  of  the  increased  motsbolic  waate-ptoductt, 
produce  n  condition  highly  detrinicntnl  to  the  pnlicnt.  These  conditions,  in  so  Eu  u 
Ihcy  have  not  already  parsed  into  pcrtnanrnl  anatomic  change*,  arc  promptly  mhI  totally 
removed  by  restoring  the  norma!  temperature-  Measures  (or  Ihi*  pimKMO  ait  ibercfarr 
indicated  whenever  these  symptoms  arising  from  hypemjTCiui  become  vtry  pio- 
DOUnced,  and  unless  there  arc  special  contraindicatlonR.     They  (hoidd  not  be  used,  for 
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Initial  i>cnod.    FuliHium.  Ampbibolic  itA^e-  Drfrrvvaesnc*. 

Pic.  14. — AniipyrEtic*  in  typhoid  tiver.    Dotmi  lion  -  «oM  bsthf-, 
-f   "  aulipyretira  (Stn^nipell). 


instance,  if  there  h  ground  for  tUK^tecting  a,  inHtkei!  niUapse.  Nor  arr  (h«y  of  any  OM 
in  hifih  continued  fevers. 

Antipyretic  measures  of  this  kind  Eire  mainly  cold  baths  and  the  cold-tar  antipynlks. 
and  iIk'sc  have  their  respective  drawbacks  and  .idvanlage*.  The  chief  advantiafc  m 
Cfjd  buth^  lies  in  the  fact  that  there  19  no  danger  of  a  direct  collapse  action:  but  there  b 
no  need  for  this  donger  with  antipyretics  il  Iheir  dose  be  properly  adjusted.  The  latter 
save  the  patient  the  exertion,  discomfort,  and  shock  of  a  cold  bnlh.  At,  in  the  caM  of 
baths,  the  temperature-regulating  nicclianism  is  not  adjusted  to  normal,  the  patient 
experiences  nil  the  ordinary-  cfTects  of  Hn  altcm|it  to  reduce  the lempcrattire bdowitar- 
tnal:  chills,  cyanosis,  elc;  and  the  metabolism  is  mc rested  rather  than  dlminislied.  The 
action  of  thcchemic  antipyretics  is  also  mure  [ironuunci-d  and  lasting  (Fi^  14).  and  Lbor 
nnnlgesic  action  is  of  marked  value  in  influencing  the  subjective  cnnditioo  of  the  Mtiac 
In  regard  to  this  nartiilk  nclioa,  untlpyrin  and  aretaoilid  Are  about  on  a  In'dv  Itiey  arc 
suruassed  by  pbcnacelin.  This  actiou  \i  c»i)GcialIy  u»cftd  when  tbc  fever  b  associated 
with  delirium- 

The  objections  to  cold  baths  ore  very  greatly  lessened  if  Upid  batkt  ore  lued.  Thoe 
are  not  so  much  antipyretic  as  slimitlnnt.  improving  the  blood  pt««ure,dlnM>OB.aBd 
sleep.  They  increase  the  nitrogen  excretion.  It  has  been  shoini  thai  CoM  taUisaiiK 
n  considerable  rise  of  blood  pressure  in  acute  tci-cr,  wherew,  campliOT.  caSein,  stn(klu»> 
thus,  eiher,  or  akohol  i^  generally  ineilcctunl  in  this  condition.  Ai  to  the  cbeorinl 
an  I  ill  y  re  tics,  [he  theut)*  Iuls  been  advanced  that  they  interfere  with  the  naluial  peo> 
tcctivc  bodies  of  Ihcserum.  It  has  been  shown,  bowevct,  that  tbi*  i>  not  thecosc,  at 
leut  as  far  as  the  agglutinin  of  typhoid  scrum  is  concerned.  In  coocluslan.  It  may  be 
said  that  Iht  btst  gtncral  trtafmciU  of  /ever  ivntiiU  in  a  conbiiuti^n  of  •mk^ynHa  aai 
fraduatrd  ialhi. 
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QUITJTN 

There  are  peculiar  (Jifferenccs  in  Uie  aiLsceplihility  of  dijftrcnl  freen 
to  antip>Tttic  drugs:  High  tontimious  fcvi-rs  rciut  least,  ihosc  of  an  itilcr- 
mittcnt  t>T)c  being  mosi  amenable:  and  with  Ihew,  aKain,  ihe  greatest 
effect  i<  proiluced  when  the  uclioii  falls  into  the  periotl  of  ihc  natural 
decline  of  temperature. 

Sometime*  anlipyrelics  may  even  produce  a  *' paradoxifol  ofiion" — 
a  rise  in  temperature.  Graul.  iSgg.  has  cullccted  a  number  of  such  cases 
for  antipyrin.     Tliey  usually  sliowed  vomiting  and  severe  exanlhcmata. 


QCIHIN 


General  Statement. — Quinin,  the  principal  alkaloid  of  cinchona  bark, 
i^  a  general  protoplasmic  poison.     It  is  therefore  toxic  to  all  cells,  and 
even  to  unorganized  ferments;  but  it  has  a  specially  high  toxicity  for 
ameboid  cells,  and  is  relulivdy  non-toxic  for  higher  organtttms.     It  exerts 
a  very  selective  action  on  the  malarial  para^tes,  and  is  therefore  a  spe- 
dfic  against   malarial    diseases,    provided    sufhclentlv   large   dose*   are 
administered.     It  is  also  a  fairly  effective  antipyretic  in  other  fevers, 
reducing  heat  produclioii  by  diminishing  nitrogen  metabolism.     It  i»  useful 
as  an  analgesic  in  colds;  and  in  the  form   of  quinin-urea  hydrochlotid 
as  a  local  anesthetic.     Through  its  bitter  qualities,  it  acts  as  a  stom- 
achic Ionic.     It  stimulates  the  uterus.     Full   do*e*  pro*luce   "rincho- 
nism,"  characterized  especially  by  auditory   and   visual   disturbances, 
«rtiich   may  a^^sume  grave  pniportions   witJi  ejtce*uve  doses;  but  very 
^Jarge  quantities  have  been  consumed  without  serious  poisoning. 
H       CtodMina  and  Its  Constltueiits. — Tlie  bark  of  the  cinchona  tree  (Pe- 
^K-u\ian  or  Jcsuiu'  bark}  contains  a  number  of  alkaloids  fcinchonin,  cin- 
HfJ)oiudin,  etc.)  r^tembling  quinin,  hut  endowed  with  leM  of  the  desired 
activity,  and  with  more  of  the  undrsircd  side   effects  (convulsani,  etc., 
.AJtiertoni,  i88i).    It  also  contains  considerable  tannin,  which  interferes 
«ntii  the  s>'stemic  actions.     (Clnchonin  is  much  more  depreuaot  to  the 
ta^art,  and  more  toxic  than  dnchonidtn.) 

Tk  t(«»  )-kldii)g  dadiona  are  ■■"'■Br"™—  lo  tlie  iiKNiataiBtm  dhiricu  o(  the  Awka 
la  S«Mtth  Anif rica.  ax  »  bri|tt  of  3,40° to  r,aoo»clcn.  Tmt gmwiDs  bdow  tlik  le«d 
nwr^h  but  Utlk  alkaloid.  T^  natiin  vrre  iimlMMy  MqiulBted  mil  tte  nffUdnal 
'■lia*  ol  tlm  "  tree  oC  lM«ltl)."  *ad  Ibc  baxk  -wtt  brouxht  to  Europe  by  the  caHjrexplomm. 
■c  rwicmcd  its  autc^  dnchoM,  from  the  ConntcB  Oiincbon,  «b»  was  me  of  the  fint 
^•araytaas  to  nai^  iis  bcnrtu  (i6}S). 

i^llwiiiil  ^■■<  til  iBj  ifl  llii  liiiti  111  iiiiaiiiiiii  are  iw cultivated  tww,  iht  orig- 
ettthavMsbealarftlirdcpktcd.  TOt  dndMoa  cnHtvatiMi  it  csiricd  «i  In  • 
tM  w*r»ipfcilwOBBlJaow  CTwuA*  ■ *i»  a  nikct  Bofat  diBau— vp*- 

teP.  S.  nMfwwT'i'"  Jo«*  — «  dhcriwi—tt  bMwwa  the  dafaat  ydta.    B^ 

I  CMinyaad  tUrty-da  id  IbeM  are  — ■"frtlft;  but  naay  an  pmfaaUy  matt  vada- 

-    ^ri  bjr^rid*.  nd  a  receU  aiithac  liaa  attoBsted  to  reduce  tbe  ifMda  to  kmt. 

Th»_—  t-p— *— »  ■—■  c.  CalM>-m  (ydlowbwk);  locdnAaricd  lMffc};<iCdadb: 

^■tteaColi;  ■fcnatka;  icnUoalau. 

_    a^t  aKMSMal  oost^it  of  tfe  dWutat  iMiki  varies  gwaily,    tt  baa  bc^  cosHdcT' 

d*r  tamaaei  bjr  oMntiM,  mm  wflri  ytdUhv  ta  is  per  ecM.  «f  ^ifa.    TlK 


lBaBpcfUafthefdaal,blkpaMwlqraaledh.  tkfeat 
tbca  OMLi  tbe  OTfaaiy  iMik. 

an:  Cnuia  addi  (<|MC,  riulrw  ifa,  Mc-h  raaafs,  a*  < 
.)•  imkm  ^ireiapTien  cotof  wiia  iraa;  GACBoaafad.a  vflvao^al 
^dtOMdc):  fHM.  wu.  11  ija   etc. 
«<  akakUa  k««  b«M  hahlri;  M«r  «4  lh» 
rfibiMMiiiinltai.    tW  MM  bMMtaaa  ao  la  Italea: 
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MANl'AI.   OF    PHARMACOLOGY 


Onfnfn,'  Qiiinidln,  QutBidn. 

Ouinii'Hi".  (-'onquinntiun,  Qutniunidin,  Quiaamicin. 

Cinehoni'i,  ViifhirniHin,  Cindionlcm,  HumodnchoiJciB. 

STbosc  oil  a  line  aic  Uomnric.) 
Vhcn  the  cryglalliutbic  ftlkftlaJdB  )>ivt  been  separated  from  ciachau  nuaeu, 
cviporation  of  the  mother  liquor  yitldi  a  bniwn  extract,  C*i ho irfru  (^jinoidia),  «luck 
contains  amorphous  alk.tlni'l'i,  mninly  Di-cinrhonicia  nn<t  l>i'quiiiitlin. 

Cuprta  Bark,  from  Remija  pcduDCuIuta,  Rubiucca?,  contains  for  the  tatM  pan  the 
ume  alkaloids,  but  no  cinchonidin.    It  U  used  in  the  mitDufaclure  of  quinin. 

Toxic  Action  on  Protoplasm. — This  may  be  seen  oo  lower  organbrns 
and  isolated  cells  of  all  kinds.  It  act*  most  strongly  on  ctUs  potsesiti 
of  amebiiiil  ami  similar  movement:  on  infusoria,  white  blood  cells,  ciliated 
epithelium,  spermatozoa,  insectivorous  plants,  muscle,  etc. 

Action  on  Leunocyies. — AMilutinnofo.;toiinioooit<ufiiicientu>inhaMttliemovB> 
ments  of  kmocylfi  on  the  warmed  ?lid(,  and  a  Mmewhal  Urgirt  dose  caiiK»  xliti*  dfal>- 
tegrntian.  Phagocytosis  Is  hindered  bj^  o.oot  tier  cent.  [Uamburxer  and  Hdcnw,  iqot), 
hut  glimulatcd  by  very  low  roncenlrnlions  (Mnnwnring  luid  Ruh.  iijO/). 

The  deprc=sant  action  Ls  also  obscned  in  itiliid /n>is.  When  ihi-  mewntMy  of  tlii* 
animal  is  cipnscd,  leucocytes  in  active  motion  arc  seen  iaiidc  and  outside  ef  tbe  vcMd. 
If  (juinin  is  now  npplicd,  tliemovcmcnl  of  Ihc  cells  outside  of  the  blood  trill  bcarrotcd, 
whilst  those  in  the  blood  stream  still  emititate.  The  iCMlt  is  an  accumulalioD  of  nUl 
lUiout  the  vessel  nnll.  If  the  ciuinin  i;  injected  into  the  vcMcl,  the  re\-rnc  tako  pirn. 
The  movement  of  the  lelli  in  lite  blood  is  arrested,  prcvenlln(  noigration,  whDu  them 
outside  do  not  come  into  contact  with  the  poison,  tonlinue  to  move  away,  and  tnve  a 
dear  lone  about  the  vessel  (binx,  i-lA;;  Ikedo,  igilS).  Thix  action  does  not  oocw  ia 
mammals,  since  the  necessary  dose  would  kill  the  animal. 

In  won  and  m<imma!i,  it  causes  at  fint  an  increate  of  the  lymphocylea,  ili«e  briag 
pressed  into  the  circulntlon  bv  The  muscular  contraction  of  the  xpleen  and  lymph  ^awU. 
This  i<[oltowi'd  after  an  liouiliy  a  decri.'aic,  and  this  isacain  succeeded  by  ralh«r  marked 
Icucocyiosis.  Continuous  administration  leada  to  leucopenia  followed  by  leucocytoab 
(G.  B.  Roth,  igii).  The  of sonk  index  is  slightly  uicreoted  in  nun  by  doses  of  ijgt. 
(T.  B.  Wilson,  igo7)- 

Antiseptic  Action. — Bacteria  and  ye.ist3  are  also  killed  by  quinin,  but 
require  a  higher  concentration  (2  to  8 :  1000)  Ihiin  <lo  the  protozoa. 

McDonald,  1915,  considers  its  germicidal  efficiency  about  half  that  o( 
phenol;  whilst  as  an  antiseptic  ii  approaches  bladder  irrigation,  ea^e- 
dally  as  prophylactic  in  cystoscopy.  This  concentration  docs  not  cause 
noticeable  irritation. 

Skeletal  Muscle.— The  effects  on  bof  muscle  ate  depresuml.  Dilute  tahitioM  do 
not  change  (he  form  or  duration  of  the  tingle  twitch,  or  the  Inirnt  period,  nor  do  they 
cause  histologic  changes;  but  ibcy  diminish  the  load  wliich  the  muscle  can  lifl  and  IM 
total  worlc.  and  hasten  f  aiiRue.  Thesis  pbenumena  are  also  observed  in  cunuiMd  natd^ 
to  that  the  actions  must  be  directly  on  the  muscle  substance.  HtiJ)  rnnrrnlritlni 
numulflte  and  dtntn^y  the  muscle  structure  (Secher,  1915;  Santesaoa,  1891). 

Cardiac  MuBC!e.'~In  the  fro^,  thia  b  slowed  by  t  :  $0,000  solntion  and  weakened  in 
its  contraction;  its  effectiveness  is  consetjuenily  diminished.  The  ilowins  occur*  alut 
atropin,  and  is  therefore  muscular.      A  1  : 5.000  solution  kiUithe  heart  in  a  lew  miBUlOa 

The  turtle's  heart  i^  slowed  by  all  doiei;  the  excursions  arc  increased  by  small  and 
diminished  by  biRher  conccntraliona  (ijr  Arric,  ii)i»). 

Mamaiftlian  Cifculalloa.— In  mammals  and  man  imatl  dowa  cause  liJit  a  qukkf**d 
pidse  with  rise  oj  (if.iorf  prtssurt  (Literature,  dc  Arric.  iqi  j;  BibcrfeM,  tOi6). 

The  cause  of  the  former  is  still  under  dispute,  but  ia  pctbap«  central.  The  riicat 
pressure  depends  mainly  upon  a  vasoconslricUon ,  but  the  cause  of  ihil  is  also  still  nadt- 
termincd.  It  may  possibly  be  due  to  a  direct  stimulation  of  the  UMlriped  tnusdcs  el 
the  blood  vessels. 

Lariter  doses  (in  man.  from  i  Gm.  upward)  eaiue  a  fall  <A  blood  pmanrt  and  ilovinc 
and  weakening  of  the  heart  from  the  outset. 

The  fall  is  due  in  part  t<->  fismlilalUm.    The  fJowing  and  weakening  of  the  1 
analogous  to  thox  obwrved  in  the  (rug.    It  is  seen  En  the  txei$td  organ  (I 

*  Name  f  MID  mtna,  bariu    Tht  slr«<f  Ural  /vniida  of  quinia  1*  discnued  br  AiL  Kaaf  maD&  tgtt> 
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■ncthod).    In  ihu  It  ollcn  caina  tfRBtiUriij-,  but  nay  resulktc  the  heart  if  :t  U  already 

PcifuMd  muuaftlUa MMtb  «t«  dUaUd  by  auioin,  whibt  UiOMot  ibF  (rag  on  c«a- 
s<  licted.    Apoooddn  uid  yohimbin  act  umiWly  (Gunn.  igoQ). 
llie  hni^^stds  ut  dastcd  in  nbbits  and  fiab  (Bcttxiii,  igtb). 

Uterus. — The  conUaclioDs  and  lone  of  the  excised  uterus  are  strongly 
sC-imulated  (Kurdinowski;  Kehrer,  1906)  by  conccnlralions  as  low  as 
X    r  ioo,ocx>  (Ltcb,  1914). 

Ctocbociln  and  dncfaonl^  acts  slmtUrly;  quinklin  praducH  only  r«binvtion.  All 
C^CMcffcctKare  the  atroont,  the  more  active  the  uterine  Riovemcntu  (Zandn,  igioaod 
■  ^  %i).  Tbc  relative  tffiowncy  of  UicdDchoiui  alkaloids  hu  bnii  dc icrinincd  by  Hull, 
x^  x6. 

TUs  (fleet  may  explaia  Ibr  xae  o(  toxic  do«c«  of  <]uinio  for  abotlion,  although  the 
ctdnallrritatioD  would  play  n  pan.  Msurer,  ii}o;,use«  Itatan  ubolk  {0.5  to  i  Gm., 


ft 


■nieY>Ated  Ib  aa  hour  If  nectatary).  clatniing  marked  «RectK.  utually  in  forty  mioutet. 
T~^»«  acttao  is  not  used  clinically;  but  toxic  dotes  ate  credited  nriifa  produdojt  abortion 

C^^K~«faably  partly  by  in<«lin;tl  inilatiun'i. 

Cwtlnctloo  of  Uie  spleen  and  intestines  mav  alio  occur.    Excised  iraeMtal  mutttt  i« 
»^r>^wd  (Trendelenburg). 

IV  ptrifiJUral  mtrvei  are  not  markedly  affected,  except  the  puison  be  applied  dlrc<:lly, 
it  win  irritate,  depress  and  finally  kill  lh«m  ju»t  a*  other  protoplasm. 


Irocal  Actioa.— Quinin  produces  sonic  local  irritation  and  anesthesia. 
When  given  hypodcrmically  it  occasions  severe  pain,  ivnd  may  lead 
ahittss  JorttKtiion.  When  given  by  the  stomach,  large  doses  cause 
Mrdpa,  nausea,  vomiting,  and  diarrhea.  It  also  retards  the  absorpiwn 
**f  Salt»,  and  probably  of  food.  Its  excretion  through  the  kidneys  may  give 
*^f*^,  with  large  doses,  to  albuminuria  and  kemofjubinuria.  The  hemoglo- 
"'■^uria  of  severe  malaria  (black-walcr  fc\'cr)  may  be  partly  due  to  in- 
*^^*;s»se(l  sensitiveness  to  <juinin.  Il  seems  not  unlikely  that  a  xkin  eruption 
"""oith  is  sometimes  observed,  results  from  the  irritant  effects  of  itsex- 
^^"^tion  through  this  channel, 

^  Ukers. — The  sulphate  has  been  used  as  antiseptic,  styptic  and  stimu- 

'^-'it  dusting  powder  in  ulcers. 

<^tiinin  and  Urea  Hydrochlorid  as  a  Local  Anesthetic. — This  and  other 
^**i*ble  salts  of  quinin  arc  much  more  soluble  and  produce  little  or  no  irri- 
Jr^^ion,  but  fairly  complete  anesthesia,  sometimes  lasting  for  several  tlay» 
*  *^crixler,  Brewster  and  Rogers,  1909).  It  is  used  hypodcrmically,  gcn- 
*J^IIy  as  o.is  P"^!"  cent,  sometimes  aa  i  to  3  per  cent.  Solutions  stronger 
r^*o  0.35  per  cent,  may  produce  fibrous  indurations  and  above  i  percent. 
'^  Tiay  cause  sloughing.  Solutions  of  10  to  zo  per  cent,  can  be  used  on 
"^Ucous  membranes. 

,  Crilcutcsn  t^  perceat.mlutionlof  infiltralingtheporitcineum,ctc,tobloc]tftSer«Rt 
***Puhes.  Thiitjuica  some  local  edema,  pen>lstinf((oratimv  after  (he  wound  bas  healed. 
]botible  Quinin  Solta. — The  increoMU  Mlul»lity  of  quimn  hydrochlorid  (j  parts)  by 
^^'pyiin  {t  pans)  i>a»  announced  by  Triulu,  i8qi,  and  Santown.  ttto;.  GaRtio, 
\™>S,  and  Glcmia,  iqoS,  advin  the  uiethane  compound  as  bdng  Im  add  and  less  readily 
^T^^mposcd  by  boiting,  than  it  the  iiru  salt  (FTIippi,  iQt]).  It  ii  mode  with  i  Gm. 
^  *lininin  hydrochloriJ,  o.j  Gm.  uretliane,  and  1  c.c.  o(  water. 

-vomenta. — Interfctcnce  with  ferment    iction  may  be  wen  in  many  direction*. 

I    'Mnion  imnoilanl  arc:  the  ozydi^ts  f}  bt^fd  and  of  proI(ipl.i><ni  nutolt'u*  (Lagncur, 

i '^]og;slowea  acidification  of  tbcd  blood;  lesxnlng  of  ihtamotiDt  1)1  hippuric  add  formed 

7?<W  bcoaoic  add  it  ciicuUlcd  through  the  excised  kidney.    The  various  diieKtive 

^^Aeota  are  hindered,  but  not  to  the  same  degree.    It  also  Icuens  the  ([lycogcnclic 

yj^nlon  oi  the  liret;  ije.,  the  pottmortem  tronifonnation  of  the  glycogen  into  togar 

Vwffniim,  1877). 

BoBoclobin.—'nii^  diovs  a  cbantcteristic  rhanice  with  strong  quinin  lolutlona 
Wri,  1906};  no  metbemeglotnn  b  fanned  d-ewin.  1909J. 
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Effect  on  Digesttoo. — Small  doses  of  f^uinin  (0.05  Cm.,  1  gr.).  taken 
before  meals,  act  as  astomacliicaDd  Ionic;  but  they  ate  probably  inlcriorlo 
other  bitters.  Larger  dosesdiminish  gastric  secrctioD(RlocrDaa,  1911),  and 
interfere  with  the  ferments  and  with  absorption;  even  small  dos«*  when 
long  continued  lessen  the  utilisation  of  food.  Toiic  doscs  stimulate  the 
vomiting  center  (Egglrston  and  Hatcher,  lo's)-  Tinoi.  Cinchona;  Comp. 
(5  tc,  i3)  adds  the  stomachic  effect  of  aromatics  and  alcohol,  and  ibe 
a»lTingent  action  of  tannin.     It  may  be  useful  in  chronic  f^itric  catarrh. 

Metabolism  and  Temperature. — The  cSccts  were  discussed  on  page 

455- 

Use  in  Fever. — The  antipyretic  action  of  quinin  may  be  utilixed  in  any 
fever.  It  has  several  theoretical  advantages  over  the  anilin  antip>Tetics. 
It  conserves  energy  by  lessening  metabolLsm,  instead  of  (lls:si]>ating  it  by 
increased  haat  loss;  there  is  less  risk  of  collapse;  and  its  eSects  arc  more 
prolonged.  On  the  other  hand,  the  annoying  cinchonism  and  occasional 
idiosyncrasies,  eruptions,  etc.,  limit  its  usefulne^^s.  It  in  employed  mainly 
where  the  depressant  action  of  the  anilin  derivatives  is  especially  con- 
traindicated,  as  in  inlluenza;  or  where  only  small  dose»  are  required,  as  in 
colds.  The  full  antipyretic  dosage  is  from  0.3  to  i  Gm.,  5  to  15  gr.  Like 
other  antipyretics,  it  i.s  most  efficient  when  the  temperature  has  a  natural 
tendency  to  fall.  It  takes  about  two  hours  to  act,  and  should  therefore 
be  given  about  that  time  before  an  expected  fall  of  temperature. 

It  iuia  been  suggested  that  its  effidcnnr  in  fever  in  due  to  an  nnlueptic  ndion  on  tbe 
blood.  Thb  is  not  probable  ^incc  b&c(er)a  *re  very  resistant  lo  it,  ^rid  would  Karcdjr 
be  affected  by  il  in  lh«  coticenlialion  in  whtch  it  cuuld  exist  in  the  blood. 

Ds«  in  Asiatic  Qtol«Ta.^-Qiiinin  hjts  been  etpcciaUy  recommended  in  Ihii  (Hicaxv 
in  which  conditions  would  be  fnvurabic  fur  u  direct  bactericidal  action  (Fuflcrtoia,  1896, 
Usiher,  1Q06).  The  dry  sulphate,  o.O  (>m.,  lO  gr..  it  admimstcred  every  boor  for  (mu 
to  eight  doses  until  bile  rca()pcars  in  the  feces.     Further  tonfiimation  i«  required. 

Use  in  Pneumonia, — This  also  is  claimed  to  be  cspeeiaily  benrlitnl  by  (|uinin;  but 
the  natural  course  nf  this  disensc  inake.«  judgment  very  dilEcull.  U.  II.  Brown,  igti. 
states  lliat  pneumococti  cultures  are  killed  inone-lhird  to  five  hour*  by  0.1  per  ccnt-ej 
quinin  (especially  basic\  whilst  other  organisms  (strcpto-  and  stapliyloeocei)  rcauti* 
much  longer.  S.  S,  Cohen,  101  [  and  i<)ij,  recoromendi  mwivc  doie*,  1  to  1.6  On,, 
I J  to  3$  gr.,  of  ouinin-urea-chiorid.  dissolved  in  1  part*  of  hot  water,  and  injectol  inlii 
the  musclca;  followed  bv  further  injections  of  1  (Im.  dosei  every  third  hour  until  ibe 
Icmpetalure  ri'raiiins  bcfow  toi'F, — rarely  beyond  icventy-lwo  hours.  He  claim*  that 
this  does  not  produce  cinvhoniMn,  givn  grent  syniptomalic  relict  (rcHiiratioa.  eoufh, 
puUc),  and  lowers  the  tcmpcruturc  at  the  ordinary  time,  hot  by  lyw  uuteait  ol  eiki^. 
The  anntomit  lung  changes  are  not  dlTcctcd.  indirnting  that  the  action  b  probably  na4 
on  the  local  ))ruccs>,  but  rather  aniipyrvtic  and  analgesic. 

Use  of  Quinin  in  Colds,  Headaches  and  Neuralgia&. — ^I.ikc  other  anti- 
pyretics, quinin  has  an  analgesic  effect  in  these  conditions.  It  is  used  ia 
doses  of  0.05  lo  0.2  Gm.,  i  lo  3  gr. 

Central  Actions,— The  effects  are  not  important,  except  with  loxic 
doses.  They  consist  in  a  rather  sltm-  general  paralysh,  probably  preceded 
by  stimulation;  the  latter  is  somewhat  difficult  to  make  out  in  mammab. 

In  /roji  there  is  first  an  increased  ri^flei  irritability.  This  !»  (allcnred  by  Ims  of 
ipontoneous  cnovemeni,  then  paraU-sis  of  re&pinlion.  and  lastly  of  thrc  nxd. 

The  depressing  ciTects  ujion  tlie  heiiiisphrrc-  arc  much  lc«  marked  in  mamm^i, 
but  a  diminished  apptcdaiion  of  p-iin  can  be  di^itinctly  made  out.  and  upon  it  resit  the 
employment  of  quinin  against  neuralgic  and  rhcumniic  pain». 

Its  addition  lo  morphin  or  urethane  doe»  not  increase  their  natcodc 
ellect. 
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CiDChODidia  and  Cinchooin  Convulsiona. — These  alkftlolila,  Khich  utherwisi;  agicc 
qmlHativcly  wil.li  ([uinin,  jirociui;!:  cunvulsions  of  the  mcduUor>'  typ''-  T''^  attion  is 
bekvir  the  cerebrum;  for  nfter  full  operative  recovery  from  hemiiectioii  Lelow  the  optic 
thalaml,  with  cnbuiii^  hemiplegia,  cinchonidin  slEll  c&osci  bilftteTftl  cnnvul«ioiu  (AJbcrianl, 
iS8i>. 

Toxic  Actions  of  Quinin. — With  very  high  doses  of  quinin,  the  synip- 
loms  of  dnchonism  (*ce  below)  are  accompanied  by  difficult^  of  sperck, 
cott/itsion  nf  iJrtts,  somnolence.  Tlicn  loss  of  cansciou-ittess,  altcrnuting 
with  delirium,  coma,  and  at  times  convulsions. 

It  hu  been  doubted  whether  the  latter  arc  really  ilue  to  cjuinin  or  to  the  nccidentol 
prt«cncc  of  wme  of  the  convulMnt  cinchonn  nlknloid.i. 

Coiwnkl  paretis  cnay  appear,  pri^ceded  by  ;;eii<rrit1  drprt-Hioci  ;ind  miuculu  wcaknes*. 
The  fiaal  lytoptoms  are  toose  of  coUapit,  due  to  general  parnlyiU  of  the  centml  ne^^■^>Ull 
lyilcm,  and  in  patt  hUo  of  the  heart.  The  rfipiraioty  cenlrr  fhovis  n  than  primary 
alimuIatioD  with  follnuruig  more  marked  paralyisia,  Tbe  tatter  is  the  uiual  ciuie  of 
itMk.  But  since  the  medullary  centers  are  not  markedly  aSccted  until  very  late,  quite 
Urge  doMS  are  often  survived. 

Tbe/ofoi  iose  is  usually  v'lvea  as  8  (Im..  but  30  Cm.  have  been  recovered  from. 
Il  it  doubtful  how  much  c^  this  really  entered  the  circulation,  since  the  sulphate 
it  very  insoluble,  w  that  a  Ur^  amount  may  not  have  been  abtorbcd. 

Cinchonism. — Early  symptoms  of  larger  do«^s  of  quinin  are  headache, 
niRinR  i"  tlic  eais,  and  disturbed  vision,  a  complex  of  symptoms  grouped 
together  under  the  name  of  cinchtmiim.  These  are  probably  (iue  to  a 
selective  action  on  the  vessels  of  the  eye  and  ear,  which  can  also  be  demon- 
strated experimentally  on  animals.  Toxic  do^es  produce  photophobia, 
deafness,  and  blindness,  at  first  partial,  later  complete.  These  are  prob- 
ably partly  central.  Similar  phenomena  occur  with  salicylates  and 
Tdaled  drugs.  Cinchonism  is  very  subject  lo  idiosyncra-w,  being  much 
more  easily  produced  in  some  iiidivi<lual9.  It  is  said  that  tJie  minor 
symptoms  may  be  somewhat  diminished  by  bromids. 

Azutomlc  ChAD^os  in  Eye  and  Ear.—Tbe  retina  ii  said  tu  be  anemic,  whilst  the 
intertuioariicocfie^ted.  [lOJtmortpm  (Kltchner).  Harnack.  lou,  alio  lucribcs  the  eye 
change  to  spasm  of  the  rclin.^l  vessels  with  subsequent  optic  atrophy.  \\1u.ma»k 
(lOoj)  claims  that  this  congestion  is  not  due  tottujniri,  but  tu  death,  and  puiritauut  that 
cbinResofblood  pressure  do  not  produce  deofoM*.  On  the  other  hand,  he  dcmonsttnteii 
changes  in  the  CclU  of  the  spiral  ganglion,  by  the  yHnl  italn.  lie  it  therefore  inclined 
to  attribute  the  auditory  effect  to  a  spt^citic  toxicity  'if  [(Uiritii  lo  these  ceDs.  A  curre- 
spoodiog  origin  b  assigned  by  Altlaad,  1004,  to  the  visualchonges,  tbe  retinal  cells  being 
altered.    Thi8  might  be  secondary  lo  the  livhcmin. 

Skin  Eruptions. — These  are  quite  common  in  the  iherapemic  use  of 
quinin.  They  may  he  scarlatinal  or  urticarial.  Atroptn  i«  said  lo  dimin- 
ish their  occurrence. 

Quinin  in  Malaria. — The  specific  action  of  quinin  in  this  disease  is  due 
to  its  toxic  eflecta  upon  the  plasmodia  causing  the  disorder. 

Thi*  organism  h  especially  susceptible  to  it.  On  a  slide  a  1  :  to.ooo  solution  im- 
mediately  arresl^  the  movements  of  the  parasite,  and  ulniilar  phenomena  occur  in  the 
body.  About  three  hours  after  the  admiui^traiioa  of  quinin  by  the  moutli,  the  vndo- 
lobular  fomu  of  tertian  and  quartan  fever  become  immobile.  gramUor,  lose  their  nucleoli 
and  tbetr  affinity  for  certain  stains.  Scvenil  hours  later  they  may  be  Men  deformed  and 
fraiKinmtnl  (Lo  Monaco  and  I'anichi.  iSoq). 

The  othtr  ctnehana  alkitloidi  have  a  similar,  but  much  weaker,  action  on  the  protozoa. 

Basft  and  Johns,  1911.  who  have  cultivated  the  iiUtmiulia,  find  that  they  xrr  readily 
dcUroyed  by  normal  serum.  They  suggest  that  quinin  acts  by  rendering  the  red  blood 
coepuscld  more  permeable  to  the  toxic  constituents  of  the  scrum;  but  there  is  no  other 
evidence  for  this  view. 

Aclieni  of  Urmnlin. — W.  11.  Brown,  191;;  and  Brown  and  Loevonhart.  i^tj,  find 
tkat  the  injection  of  small  doses  of  hcmatin  into  mbbits  produces  parox>-ims  similar 
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10  those  of  buinan  malum;    A  "cold  stage"  of  cutjtneoiu  vuocoostrictibiiwftb  f« 
(urfaco  tcmj^raiurc  and  rint  of  I>lood  urr^surc;  Eucccedod  by  CUtueow  vwodT 
with  hot  ikui.    Larger  do»cs  vausr  sptnnchnic  dilation  (ccntnil)  end  ccBtnl 
Mlmiilutiuii  with  foUing  blood  pressure.    The  mpiralion  h  (trprriwd.  radblK  ia  dcallk. ' 
Buttcriicid  and  Benedict,  1914.  failed  lui-unfinn  these  cS«ct3,a,oddaimtIiatBige  do 
kill  by  intra  vascular  prccipitntion  of  hcmatin. 


Different  Susceptibility .^ — Quinin  is  moat  eHective  in  the  tertian, 
in  the  quartan,  and  least  in  tlie  pernicious  malaria.     It  docs  not  act  eqiuUjr ! 
on  the  parasite  in  all  the  stages  of  its  development.    The  sexual  lonnsj 
are  more  resistant  than  the  usual  asexual.     lis  sirongot  action  ii  npoa 
the  forms  which  are  just  breaking  into  spores  and  upon  the  free- swimming  ! 
organisms;  it  is  much  weaker  upun  the  older  segmenting  bodies,  and  least 
ttpon  the  young  endoglobular  forms. 

Administration  in  Malaria.—Since  the  resistant  endoglobular  forms 
exist  in  the  blood  just  before  the  paro3(}'sm,  and  iheir  sjwrulation  gives 
rise  to  the  characteristic  chill  and  fever,  and  since  quinin  does  not  act 
well  upon  them,  it  will  not  be  efTectual  against  the  oncoming  parox>'Un. 
But  if  it  is  given  at  (his  time  it  will  be  present  in  the  blood  when  the  spore* 
arc  liberated,  and  as  these  arc  most  susceptible  to  its  action,  it  will  klUJ 
them  and  thus  prevent  the  development  of  the  new  cvcic  (providing  thai 
the  dose  has  been  sufficiently  large).  It  should  therefore  be  given  several 
hours  before  the  expected  paroxysm  so  a.s  to  allow  lime  for  its  absorption. 
The  dose  should  then  be  quite  large:  i  to  2  Gm.  given  (fasting,  if  possible) 
two  to  three  hours  before  the  expected  attack  (which  will  in  all  probability 
occur),  or  0.3  Gm.  four  to  five  times  a  day  in  the  inicrval;  0.5  Gm.  per  day 
should  be  continued  for  three  months  after  the  last  chiLI. 

To  be  effective,  the  auinin  must  be  administered  in  solution:  Large  1 
doses  of  quinin  sulphate  in  pills  or  powder  arc  probably  largely  wasted,' 
since  they  are  not  dissolved  or  absorbed;  the  sulphate  requires  790  parts) 
of  water  for  solution.  The  hydrochlorid  is  more  soluble  (i:iS)  but  tbc' 
hisulphate  (i:&.s)  or  the  dihy^rochlorid  is  the  best. 

It  is  not  customary  to  prviK'ribG  the  bisulphalc  dimtly,  but  to  bring  the  wilpliitf 
into  solutioD  by  the  addition  of  o  sufTidenC  ijuantity  of  dilute  lulpiiufic  acid.     Tit 
QUttHtily  »/ ur.id  ikoulil  tif  ntthrr  in  firci.i.     If  it  1& only  Jtut  »ul&citBI ,  Mme  lulphaie  w3t 
be  piedpitatcd  on  the  tongue  by  lln-  alkaline  saliva,  and  nve  rixc  to  a  very  neniMctit  1 
after  toalc.    There  will  be  very  little  of  this  if  an  exct»  of  acid  i*  uud  and  tAe  BOtuhj 
rioKed  afterwurd. 

Urgent  cases  may  demand  intramuscular  injections  ol  qiunin  di- 
hydrochlorid  (i  Gm.  in  10  c.c.)  or  of  quinin-urca  hydrochlorid  (2  Gm. 
in  5  to  10  c.c).  Intravenous  injections  of  the  hydtiK-hIori<l  luive  also  bcrn 
used.  Concentrations  of  1:150  are  dangerous  (MacGilchrist) ;  and  even 
lower  concentrations  should  be  used  with  caution,  for  fear  of  directj 
cardiac  effects. 

Ebrlicb  suggests  using  methylen  blue  with  quinin. 

Use  in  .t/diifnitn/  Malaria. — Frncticall}'  a!l  cases  of  mnlixnitnl  malaria  aredue  totba 
«Stivu-autu.RiDaT  pIsHinudium  (P.  fal(;i|>ariu[nj.  This  spends  ouly  a  fouith  of  it*  Ufa 
cycle  in  the  circulating  blood;  the  renioindcr  in  the  capithuici,  nhere  il  n  uul  eady 
reached  by  the  quinin.  The  paiasites  ciilcr  (he  lirculstioo  after  lh«y  Memcnt-  Since  , 
this  proces  is  coriliouous,  a  sufficient  cunccntratioa  of  quinin  most  be  maintaiiwd 
in  the  bliKKJ  ronlinuously. 

The  absorption  from  the  tntcslinal  tract  U  too  slow  for  tJuae  Kvete  ca*a,  and 
hypodermic  injection  may  not  be  any  better,  vince  the  local  irritation  oftoi  <Mm< 
abtorpiion.      Intravenous  injection  is  therefore  preferable  in  ncrioua  caacs.     Oiiian.  1 
when  administered  by  vdn,  appears  in  the  urine  in  a  few  nunutei;  often  a  naif  of 
the  dose  is  eliminated  in  twelve  hours,  and  practically  all  in  a  day.    Tbc  inJectkiB*  nuit 
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[.Uicfcioicbir  rl;praIc(te^'cry  fcv  hours  unlil^l  the  parn^tc»  Arc  killed  (ufner&lly  ia  ihirty- 
;  hour*).  The  quanlilj-  should  never  exceed  0.S5  Gm.  per  dose,  nor  1  Gm.  per  day. 
aUlities  have  occurred  from  3  Clm.  (Ba^  ii>>S)- 
HemogloHnuna. — This  wmelimes  follows  tlic  use  ol  ouinin  in  pernicious  iLnemia 
'{"blwk-wdtcr  (ever").  Tl  U  not  cleur  whether  the  drug  iias  a  uusfttivc  relation;  for 
quinin  does  ni>t  produce  hemoglobinurin  in  ihc  absence  of  mularia,  whereas  ihe  urinv 
may  becomi!  bloody  in  molnrial  cases  That  have  not  received  (juinjn.  On  the  other  hand, 
it  is  rcturded  that  the  ^lyniploin  was  a);gravale(l  by  Ihe  dru^,  or  appeared  only  oTlcr  the 
drug  w.i^  ilnrleiL  liiem.  1913,  states  that  citmctt  of  malarial  parB«l««  «re  strong^ 
hemolytic^  and  it.  U  quite  conceivable  thai  tiuioia  aids  lu  the  liberation  of  thit  hemolytic 

Quinin  as  Prophylarlic  against  Malaria.— yio&i  aulhoriUes  consider 

quinin  as  useful,  although  not  invariably  successful  {Thayer,  igia).     Koch 

advii^d  I  Gm.    once  11  week;  Mariiini,  0.5  Gm,  daily  in  divided  doses. 

A  minority  consider  quinin  prophylaxis  of  slight  value;  and  SUtt,  1907, 

Idaims  that  it  renders  active  quinin  treatment  much  less  effective. 

The  question  ha8  been  raised  wbclhcr  it  is  poulble  to  eradicate  malaria  in  a  pvca 
Kgfoa,  1^  killinx  the  plasmodia  in  the  human  hu^ts.  The  answer  appears  to  be  ui  Ihe 
■usatjvc:  Orcnxtdn.  igii.  after  subjecting  a  malarinl  community  to  systematic  qui- 
niaiiatbn  by  the  Koch-Ollwig  method,  (nund  ihe  incidence  of  malaria  pmclically  un- 
changed. 

Administration  oj  Small  Doses. — Small  doses  of  quinin  sulphate  or 
hydrochlorid  may  be  easily  administered  in  the  forms  of  pills  or  capsules; 
or  in  solution,  the  tasle  being  disgtiised  by  glycyrrhiza.  (No  acid  mu&t 
be  prescribed  with  the  latter!)  The  free  alkaloid  is  almost  tasteless,  and 
tJie  tannate  quite  so,  because  of  their  slight  solubility.  Their  abaorption 
will  not  suffice  for  large,  but  is  probably  adequate  for  small  doses.  They 
may  be  placed  dry  on  the  tongue  and  swallowed  with  a  draught  of  water. 

AnliPflarutl  Egitifiuy  of  Cinchona  AlkiUoids. — MHcGilcbrist  states  this  to  be  in 

th«    order    of:    Hydroquimo>cinehoniii.    quinin.    quimdin>clhylhydrMycuprein> 

Lcitichonidi(i>(|uinou!m:  1hr^  first  being  The  mo^t.  the  last  Ihc  lensl  active.     The  same 

holds  {■>!  Ihr  diifercnl  forms  of  The  parasites.     Coniirmation  would  be  detLrable. 

Axnebic  Djrseotay. — Quintn  is  u^d  lor  rectal  irrigation,    hi  administration  by 

lIDOUlh  (j  Gm.  per  day)  is  sometimes  eQccIive,  but  lc<<s  certain  than  rmctin  (Brookj* 

Rntries. — V.  n.  Moon.  1913  rrports  apparently  successful  mults  with  quinin  on 

'^locv     In  iQij,  he  rcporU  them  only  very  ilightly  positive  and  prar  lie  ally  negligible. 

All  subsequeot  observers  report  negative  results  (Krumwiedeand  Mana,  iflij;  Kicldcr, 

1914,  miQj. 


QUININ  DEBIVATIVBS 

The  esters  of  quinin  with  various  acid3  are  insoluble  and  therefore 
tasteless.  They  pass  the  stomach  unchanged,  but  are  slowly  saponified 
in  the  intestines;  in  this  way  exhibiting  a  very  gradual  and  presumably 
■weak  action.  They  are  more  easily  administered,  and  produce  less  side 
actions,  but  arc  not  always  devoid  of  ciachooism  (Seifert,  Nebeowirk., 
1915,  pp.  115-119), 

They  are  used  in  the  sane  dotes  as  qidnin,  in  powder  or  suspended  in  liquids.  To 
this  type  belong: 

MrtOcMll  (diquinin  carbonic  ester);  euquinin  (quinin  ethyl  carbonic  mer)  and 
aabfMWN  (quinin  salicylic  ester) ;  the  latter  may  be  v-kA  (at  a  weak  salicylic  action;  and 
uCMMfAMm  (pfaenetidin  quinin  carbonic  cster>  tor  exhibiting  Dimullancou^'ly  rhi.'  nclioD 
|i«(  phenacettB.  As  to  the  last  two  mentioned,  there  is  no  advantage  in  a  chemic  com- 
f  Unuion  of  two  tbeiipcutic  agcnls;  oji  the  contrary,  It  prevents  the  necessary  cbstidty 
I  «t  doMKe. 
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^^H                                                ABSORPTION,  FATE  AND  EXCRBTIOH                 ^^^^^^| 

^^^H                 Quinin  is  absorbed   miLinly  from  the  amall  intc»tine  (MacGi)cbml),^^H 
^^^H            In  the  blood  it  is  contained  chicly  in  the  corpuscles  (Ualdoni,  1912,  I9I3)>^^H 
^^^V            The  grimier  pari  (70  lo  90  per  cent.,  Mcrkel,  i i)oi ;  Schmitz,  IQ07;  Biber-^^H 
^^^B            fcid,  1916)  ii;  destroyed  in  the  body  (also  in  the  pcriuscd  liver;  Grosser,  ^^H 
^^^H            IQ08).    The  remainder  is  excreted  unchanK^d  by  the  urine,  and  traces  by       ■ 
^^^H           other  secretions  (mitk.KoMewjin,  1910).     The  excretion  begins  within  one*        1 
^^^H           half  hour  and  is  practically  completed  in  twenty-four  hours  (Nishi,  1Q09;        H 
^^^B           Baldoni).     With  medicinal  doses,  it  can  not  be  demonstrated  in  the  urine.        1 

^^^^^K                                                      PBEPARATIONS— QUINIM    tiROi;F                                                      ^^H 

^^^^^^           The  ordinary  salts  of  quinin  ure  white,  odorle-u,  and  inten&ely  bitter.  ^^1 
^^^H           They  are  incompatibk  with  alkalies  and  other  alkaloidal  precipitants.  and        1 
^^^H           with  salicj'latcs,  bcnzoatcs  and  tartrates.     Average  dose  oj  aU  quinin  sails,        H 
^^^H            tonic,  0.1  Gm.,  if^  gr.;  malarial,  at  le4Lst  i  Gm.,  15  gr.  daily,  I'.S.P.;       H 
^^H^            ordinarydose, ]i.P.,o.o(itoo.6Gm.,  i  toiogr.    The  soltibiUtics  arc  shown        1 
^^^H            in  the  following  table.,                                                                                            M 

Oe^  pari  di»- 
»1vn  in  nt*f 

loabohot 

■oUiuon*      ^^H 

^^H            QUIXINA  (Quin.).  U.S.P.;   C„II„X^i4- 

^^m         3Hrf> 

^^H             •gr/A'.  BISVLPH.,  U.S.P.;  Qu.'  H,SO,  + 

i,j6o 
C 

IR 

a.6 
illghUy 

7»5 

0.8 

aj.o 

o.g 

o.S 

II. 0 

I4.« 
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Alk.             ^J 

Neulr.               J 
Acid           ^H 

«..      ^ 

Svaxi.         ^J 

^^H            QVIN.  UYDROBROit.,  U.$.P.;  Qu.  UBt  + 

^^^             'Ql'IX.  HYDROCUL.,  U.S.P.,  B.P.;  Qu.- 

^^H               Tia  +  3H,0   

^^H              QVIS.    DIHYDKOCHL..     It.S.P.;    QC7.V. 
^^H                nYDltOClll-.AClD.  B.V.:  QuiUCl   .... 
^^H            QUiy.  SAI...  V.S.P.:  Qu.CiH.O>  +  H,0 
^^H              'QCIX.  SVLPU. . V Sy. . B.l'.;  Qii;H^Ot+ 
^^H                               

^^^^H                     'Qainina  T'sunas  (Quin.  Tan.),  U.S.P. — A  i.i>m]H<uiitl  at  quinh)  aad  of  tannic  odd  ^^^H 

^^^^B             or  somewhat  var>'[ng  compo^iUannnd  containing  about  j  J  per  ccfli. of  Mib>ylrmuqaiBm.^^^| 

^^^B.              ^I'^  yellow,  3mi>rph»u&  pnwdvr;  tastclcM,  or  oaving  not  more  than  a  tUghtly  Utter  ^^^| 

^                     and   nslringcnl   tiistc.     Slightly  suK  in   water;  somewhat  more  mL  in  ale.     Dott,  OlI         ^M 

^H                       Gm..  J  gr.,  t.'.S.P.                                                                                                                                 H 

^                          *quini»a  a  Utfit  nyitocUcrUum  (Quin.  ct  Utca,     HydrocbL),  L'^P.;  Q«-HCI-         ■ 

C0(.NH,J,HL'I+5H,0.— Colorlws  prisms    or  while    granuUT  powder.    bitlM  ta^te-          H 

Very  fol,  in  water  I  i:o,g).  freely  fo\.  male  (1:1.4].    Solutions  are  *tiangiyari<l.    Datt,         H 

1  Gm.,  15  gr..  once  daily,  hypodermic,  U.S.P.                                                                                 H 

(/■'rrr.  cV.  Qtiin.  Cil.-^Urt    ndex.)                                                                                                         ^^^B 

(£/.  ferr.  Quin.  el  SlrycH.  Fhosph.Scv  Index.)                                                                  ^^M 

fii.Quin.  Sutph.,  B.P. — &i  per  renl .     rjotr.a.ii  to  0.5  Gm.,  >  to  S  |[r.,  8.P.               ^^^| 

TV.  Omii.,  B.P. —  I  per  ccnl.  in  Tr.  of  Omntc^.     Dase,  1  lo  4  c.c,  W  to  t  dram,  B.P.    ^^^B 

TV.  Quin.  Amnton.,  B.P. — 1  per  cent.,  in  ommoniated  alci>hal.    Dom,  1  to  4  c.c,         ■ 

a  to  1  diam,  B.P.                                                                                                                         ^^M 

l-'in.  (^iiin.,  li.P, — 0.13  |>er  cent.     Pdir,  16  to  jocc.,  !-<i  to  i  oun<«,  B.P.                      ^^^| 

^^^^^                   TineiW'i  AnlifrriodiKO.  N.T.  (Warburg's  Tincture). — Thi»  i*  uied   in  India  lor  ^^H 

^^^^k              odminUlcrinit  quinin  figninst   mnlnrin.     It  contains  t  per  teat.  cA   quiajn  lulphalf,          V 

^^^^H             O.J  Gm.  per  tabiespoun,  with  rhubar{>.  aloes,  camphor,  and  aranatic  drugs.                              H 

^^^B                   QntHtKit    FMivU^rbonoi,    N.N.R.;     Euquinin;    CtDlIiiNiQO'COOCiR*-— Nearly           ■ 

^^^^H              liJilcteM  and  ia&oliible.     Ume,  u  for  Quinin.                                                                             ^^fl 

^^^^B                                                               <"Oa"«t<ui<tsrorCiiHHN>Ok                                                     ^^H 

BTH¥I/-HYr>BOXYCtfPREIN 

ArittMhin,  N.N.R.;  t)i(|uimn  carbonic  wwr;  CCt»HiiN^)0'CO-0 <Ci Jt.iNiO).— 
Neaily  lasiclos  sod  iiuolubli;.    Dcif,  u  for  Quinin. 

CiMAontdiidE  Sulphat  (anchonicl.  Sulph.),  U.S.P.;  (Ci»HhN,0},HiSO.  +  jHtO.— 
Whll«,  KlUuniriK.  ^uy  ncodlci  ur  pti^nu;  odorlMS  and  oavlnf;  a  very  bitlrr  (ssle.  Sol. 
in  wslM  (1:65)  or  ak.  (1:0^).     Dose.  o.:s  Om..  jW  gr.,  U.S.P. 

CinfAoBidff  .yi.;fA.ti  (Cinchonin.  Siitph.).  U.S.P.;  (C„HnNiO),H,SO,  +  jH,0.— 
Wliilc,  lustrouK,  pniniutic  cryitiiUi  udortinsi  very  bitter  taale.  Sol.  ia  water  (1:60) 
or  ale.  (i:ii.s).    Dwe,  0.15  Gm.,  ijj  gr.,  U.S.P. 

C.'wAmm,  U.S.P.  tVcUow  Cinchona;  Calisaya  Bark;  Yellow  Pcfuviau  Bark).— 
The  dried  barkd  Cinchona  Lcdgeriana,  Cinchona  Calisaya.  and  of  hybrids  of  lh»e  and 
other  tpedct  of  Cincboea,  yielding  not  less  titan  r>  per  cent,  of  the  total  alkaloids.  Doir, 
t  Cai.^,  ij  gt..  U.S.?. 

CiwIioHa  Subn,  U.S.P.;  Cinch.  Jtubr.  Corl.,  B.P.;  Red  Cinchona.— The  dried  bark 
of  Cinchona  nuccirubra  or  of  it:i  hybrids,  >iclcling  not  less  than  n  per  cent,  nf  the  lotal 
alkaloids  of  Red  Cinchona;  j  to  (>  per  cenl.,  B.P.     Daxr.  1  tlm..  15  Kr.,  U.S.P. 

/b/.  CineJk.  Acid.,  B.P, — s  per  cent,  of  Oncboaa,  with  t.i$  pet  cent,  of  .\dd  Sulpli. 
Aram.     Dasr,  it  to  lo  c.c,  ^to  i  ounce,  B.P. 

FI<Uxi.  Cinch.,  U.S.P.;  Hxl.  Cimk.  Liq.,  B.P.— s  per  ceot.  of  alkaloids.  Diitt,  ■ 
cc,  IS  minims.  U.S.P.;  a.i  to  t  c.c,  j  to  ij  Riinim.i,  B.P. 

'Timtwa  Cinchona  (Tt.  Cinch.),  U.S.P.,  B.P.— jo  por  cent,  of  Cinchona,  wllh 
^  alcofaol.  Incompatible  with  water,  iron  and  ulkaloidal  piccipitanu,  Dosf,  4  CC, 
t  dnm,  U.S.P.;  »  to  4  c.c.  ij  10  1  dmni.  B.P.  , 

*Tr.  Cinth.  Co.,  U.S.P.,  B.P.— 10  pet  cenl.  of  Cinrhona,  with  ij  per  ceni.  of 
Serpeotaria,  together  with  Bitttr  Oniiigp.  The  It.P.  is  colornt  wilh  Cochineal;  »lrongly 
■looboUc     Dose.  4  c.c,  1  dram,  U.S.I'.,  i  to  4  cc,  >j  to  1  dram,  B.P. 

Althnia,  B.P.^The  dtieil  bark  of  Almonia  ^cholaris  and  conslricla.  Contains 
alkaloid!!  and  is  employed  in  India  against  malaria;  also  as  a  bitter  louic,  anlhelmintic 
■ad  aninxt  diairbcA. 

/»/.  Altton.,  B.P.— s  pef  ^wl-    ^".  'S  to  3°  c.c,  >i  to  1  ounce.  B.P. 

Tr.AUhn.i^.'P. — 1 1.5  percent,     DoM.iXQtex-,  Vi  to  i  dram.  B.P, 


ETHYL-HYDROXYCUPREIN 

Actioa  in  Pneumonia. — This  Hnig  (alao  miirketed  a»  "Optochin") 
has  a  specific  toxicity  for  pncumococci  (Morgcnrolh  and  ilalbrrstaedtcr). 
It  is  highly  successful  against  experimental  pncumoiua  in  animals,  and 
promising  r^suIIs  have  been  reported  in  man;  but  its  applicutiun  is  limited 
by  the  fact  that  efficient  doses  arc  liable  to  produce  blindness. 

SxperimCDtal  Pneumonia. — In  vilm,  the  druji  inhibits  the  growtli  of  pneumococd 
irtth  A oonrent ration  of  1  ifkiOiOoo  In  ncriimA;  it  kill^  ihcm  with  1 :  400 ,ooo(\\' right,  ion). 
In  mice,  it  is  ellcctively  ptuphylnctic  in  go  per  cent.,  and  curntivc  In  50  per  cent,  ol  the 
cipeiiinenlal  infections  (Mor^jenroih  and  Levy;  Engwer,  igi*).  The  serum  of  rabbits 
b  bactericidal  after  hyi>odc[mic  dowE  of  o.i  Gm.  per  kilogram,  whifh  arc  well  tolerated. 
Lannr  dotes  are  usuutly  loiic.     Ural  adminiitrulion  is  ni>l  aseOeclivi;  (Moore,  lyis). 

Spedfictty. — All  slriint  of  pneumococci,  ns  also  streptococci,  ure  inhibited  in  tilr« 
by  niacenl rations  of  1:100.000;  whereas  o'her  gtrrptococci,  meningococci  and  gono- 
cocci  require  1:10,000-5,000.  Huwovcr,  IrauMtiun  lacefc  arc  occasionally  found. 
Quioln  re<]ulrc»  much  higher  concent  rations.  Optochin  also  increa-ies  greatly  lj>alen- 
lutcsj  thccliiciencynfanti-pneumococcus serum  tNachm^nn,  191;;  H.  F,  \too)e,i9i5). 

HtmUBi  Pnaumbnia. — UoiCf-  <-i  0,5  Cm.,  three  t<>  at  muel  five  limes  d»!ly,  by  mouth, 
loa  total  of  I  to  6  Cm.,  render  the  strum  bactericidal.  Its  clinical  efficiency  is  difScult 
to  judge,  but  evidently  less  striking  than  in  ammalt.  Lapinski,  iqis  (who  alio  gives  3 
review  of  the  subject),  and  A.  rraenkel,  igij,  (onsiJet  ilu'  ti^ullSKood  in  the  lir^it  twn 
or  three  daj-s  of  the  disease.  The  succcu  is  indicated  by  shortened  lever,  greater 
DOiafon,  diiniailibcd  dytpnea  and  decreased  mortality.  I^uinin  doc»  not  produce  this 
iaiprovtmrnl.  When  stalled  later,  the  response  is  very  timileiJ.  perhaps  because  the 
paetnnoniccMigulalioin  prevents  its  access  to  the  bacteria.  Vctlexen.  1913,  reports  that 
It  shorten  the  course.  I.ennc,  igij, claims  poiillwrctulls,  especially  from  inlrnven(iu& 
MfanlniMtatlOa.    Parkinson,  lui.t.  cuuld  sec  no  therapeutic  cSects. 

BIda  AtiSaOM. — The  susce|>tibiliiy  to  these  varies  greatly  in  different  individuals. 
T«mponi^  dachODism  and  voniiting  arc  of  Iretiuenl  occurrence;  but  ihe  moit  serious 
accident  is  the  tendency  10  produce  blindness  by  retinal  and  optic  nerve  chaiigm 
(A.  E.  Wrigttt  and  co-worken,  iQtz;  Lapbski,  iqij;  Sufcrt,  Ncbenwirk.,  igij,  p.  i). 
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UAMVAL  OT  PHAStUACOLOCY 


Whil«  IhU  d«»  not  orvur  in  all  rase*,  n  nd  W  only  Icmponry,  the  uMor  (hcdrvg  htvoh 
»riuui    ri'3|)<)[1SLtittlly. 

Ftacnkcl,  191 ;,  obtained  same  degree  of  amblyofUB  in  10  per  cent  ol  hb  ttne*. 
the  patient  is  watch«d  and  the  drug  stopped  with  the  &rn  tim,  ilw  vifioD  fjcnt" 
clears  in  a  few  da>'«,  but  sometimes  only  after  month*.    llincUelder,  191s,  ■  ' 
comirwiiiiT!  of  the  retinnl  and  pia  vot^Hs  in  nnlmals. 

Adfflinistratioit.—Kraenkel  prefers  thi:  less  soluble  base  to  the  salts,  Waa  nol  to  1 
the  organism.     He  gives  0.3  to  o.j  Tim.  every  four  hour».  not  exceeding  1.5  Gib.  pet 
day.  (ur  at  most  IhreiF  or  four  da)rs;  ciucfuUy  tcstinic  the  vbloo  throughout. 

Fale.^The  alkaloid  disappears  rapidly  from  the  plasma  after  intra veDO(i*iBi«>>i 
lion.     Il  pcrsisis  longer  and  \t\  greater  umounl  in  the  i;i>rpu»dc*  (Boccker,  i9'f)>         f 

Other  infections. — Ixarand  Nicosia,  1914,  usf  il  in  malaria  because  the  cmdiaaiHi 
is  shorter  than  with  quinin.  Levy,  1911,  also  claims  a  nuutivc  cSect  against  strepto- 
coccus mueosiis. 

Use  in  Eyr. — Locally,  t  per  cent,  solution  or  salve  ol  Ethyl -hydroxy  cuprrin,  ap 
every  hour,  has  been  employed  in  Ulcus  cnmeal  serpens    The  first  instiiutinn  it  [ 
(uL    Above  [  per  cenL,  it  injures  the  cornea;  lower  conccntrationa  arc  ineStci: 
(Seifcrt). 

FliannBCologic  Actions. — These  corrcsnond  qualitatively  with  qtiiiun.  bat  are  1 
toxic.     Intravenously,  oplochin  is  more  depreiMinl  to  the  hc^rt,  the  blood  pna 
however,  falls  less  than  witii  quinin,  jince  there  b  also  vn«>con«triction.     The  aftt)py>^ 
relic  eificiency  of  oplochin  is  smaller  TSmith  and  Fantus.  1916).     Il  has  but  Utile  ll»- 
hibilory  action  on  the  emigration  of  leucocytes  (Ikoda,  1916). 


CUPREIN 


This  is  an  alkaloid  from  Cuprea  bark,  closely  related  to  quinin  ia  aclloo  and  com* 
position  [quinin  i^  rvgaidi-d  as  inelhylcuprein).     Il  is  le«.  «clii-e  and  lew  toxic  Ihan  do^X 
chonin,  but  acquires  activity  by  the  introduction  of  alkyl-sroupa. 


ACETANaiD,  ACETPHENEXrorN  AND  ANTIPYRrN 

General  Statement.— These  drugs  and  their  derivatives,  the  "cerai 
lar  antipyretics,"  lower  febrile   temperature  by  dilating  the  cutaneous 
vessels  through  a  central  action.     They  arc  highly  efFcciivc;  but  the  anti- 
pyretic doses  are  apt  to  produce  undesirable  ^de  actions,  and  are  clinically 
supposed  to  be  depressant  to  the  circulation.    Smaller  doMs  are  efficient ' 
analgesics  in  headache,  neuralgic  conditions,  etc.    Their  tisc  is  not  withoull 
danger  from  acute  collapse.     Chronic  poisoning,  tvith   methemoglobimj 
formation,  is  also  not  infrequent.     Acelphcnetidin  (Phenacetin)  is  son 
what  less  dangerous,  but  the  difference  is  merely  one  of  degree.    Antipyrin^ 
is  freely  soluble,  the  others  are  not. 

The  former  IurIi  price  of  <tuunin  caused  chemists  and  nhaRnacoloKiata  to  took  about,, 
lor  cheajier  cfliclenl  substitutes.     It  was  attempted  to  muc  quinin  or  simitar  sub! 
synthetically,  departing  from  ouinoliti,  one  of  the  decompositian  products  of  <^ 
WhiUt  this  search  ilid  not  result  in  an  xrtlficisl  uuinin,  nor  tvrn  of  any  «ub4ian 
analogous  to  it  in  aclion,  it  brought  to  light  a  very  larRe  number  of  sulnlances,  in ! 
respects  even  morcialuablc  than  the  alkaloid  iticlf,  and  «cr\-ed  to  direct  attention  tol 
pharmacologic  significnncu  of  the  derivatives  ol  the  aromatic  sericfi,  or,  as  tbey  arc  1 
commonly  tolled,  of  coal-tur. 

It  was  found  that  all  the  simpler  compoutidE  built  up  from  the  beoml  nucleat  (iritk 
a  very  few  excepiions)  possess  certain  ptiy^iifloKlc  actli>ns  in  common,  as  loUowt: 

Common  Actions  of  Beniol  Derivativea,— Ccntmi  AeH^m:  Stimulation,  lollavtd 
by  more  prnnniinced  ilrpT/\.\ian  of  the  entire  central  ncrvoUR  f^ttcm,  but  pafticularly- 
Aji  antipyrriic  ariton  00  the  heat-ccnteni.  and  an  analgesic  action  in  neuru^a*. 

Local  Atliiint:  ,\  rimgulani,  irritant,  toxic  and  atilisfptic  effect  on  all  forma  of  ptMeia 
and  protoplasm — on  ti^ue  cells,  bacteria,  and  ferments,  A  quinia  action  on  all  lom* 
«l  muscle.     Local  ancsthe^in.     The  formation  of  methcmMlobin. 

The  actions  arc  exerted  in  a  different  manner  and  to  a  dillerent  dctrte  by  lbe*e<retal 
members  of  the  scries,  mainly  in  twodircctioni.  m  that  these  may  be  danifiedioaiewhat 
ubJUarily  as  "Antipyrtticj"  and  "ADliwptica." 


JiCETANItro,   ACETPHKNr,Tn>IN   AND   ANTrPYRDT 
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is: 

Perot 


» 


T'Ae  ^ntlpyntk  ponf  i»  diui&guiiihcd  by  the  prtdoiuiiULiic*  of  the  MtJoa  on  tb«  hest< 
rcsuUilnc  center. 

7~it  aniifffik  t">»P  b  charact^rlxtd  by  ft  much  mocc  marked  loni  Mllftn  on  prato- 
itiusni,  wliichdettrmiacttbc  utcfulneuof  tfacnicmber*uanti>cptirs.    Tlieeflecl  upon 
thermic  center  paun  much  more  rc«dity  into  Kcneral  colIapM  than  with  the  former 
up. 

*rhe  diitbctioa  iiby  no  mntns  «hatp.  and  many  of  the  tiubatances — f.i.,  the  nlicylates 
could  be  cIomkI  undcT  either  iiruup. 

Structure  sad  Antipyretic  Action. — The  large  number  of  antipyretic 
benzol  derivatives  differ  only  quantitatively  in  their  actions,  these  differ- 
cxices  having  dcfmile  relations  to  llieir  chemic  structure.  Practical  ex- 
perience ha&  shown  that  acctphcnctidin,  acctanilid  and  antipyrin  arc  the 
most  useful  represeutatlvea  of  the  group,  and  that  all  the  others  may  well 
be  spared. 

Th«  «it 
leanion  with 


erarbe  o(  manufiiclurera  of  synthetic  products  has  overwhelmed  the  pro- 
1  umast  numb<TlFu  antipyretics;  but  it  mufl  be  confcucd  at  once  that  the 


tiunsbcr  of  ically  ntw  and  valiinhtc  product*  it  coraplisUvely  small. 
of   tills  materbt      -   '....'_.- 1...»  ._  ^    .^.- t._.r_.i . 


The  grtal  maM 


teriat  (.'iiiisitts  aimiily  of  mji^mScant  vanatiuns  in  the  established  prodticts, 
iKlrodoced  for  the  purpose  of  evading  natcnlii  and  amounts  to  little  mote  than  do  the 
vmrious  lUvorings  in  the  eli^rs  of  the  olikr  materia  medica.  TUt  multiplication  caa  only 
do  tumn  Inrcrtatinf-  conliuion,  and  should  be  aboUsbed  as  spoedihr  as  potslble.  The 
adscUon  of  the  worthy  products  from  this  collection  would  be  an  aimo«t  hopdexs  task, 
iJcf 


iit  not  thai  certain  definite  lam  have  been  deduced  from  the  cKperimental  evidence, 
accortlinff  to  irhich  WW  may  foretell  the  actioin  of  a  coal-tar  derivative  from  its  composi- 
tion, with  almo)-t  abfolute  certainly.  In  this  way  many  new  compounds  can  be 
*djudge<l  a«  unworthy  of  extended  trial.  A  ptcicnlatioa  of  snme  ol  these  laws  wIH 
therefore  be  of  practical  value,  aside  from  their  scientific  interest. 

The  antipyretic  action  really  resides  in  the  bensol  ring.  Yet  benzol 
(ObHi)  iiNelf  is  not  antipyretic,  because  it  cannot  readily  enter  into  react ioQ 
with  the  body  cells;  this  capacity  of  reacting  may  be  given  to  it  by  sub- 
sliluiing  for  one  of  its  [H]  atonns  an  [OH)  group,  aa  in  phenol,  CsHiOH; 
or  still  more  sirongly  by  an  XHj  group,  as  in  anilin,  C»Hfc-NHt  (I'henvl- 
^lydrazin,  C»HiXHNIIi  being  yet  stronger);  or  by  botli  a*  in  paiatnido- 
phenol,  C,H.OH  NH,. 


Pam  miila-phni4l 


fU -CHrfX) 
AotUnlM 

qcrfi, 


Nil, 
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Wc  repeat  that  the  power  of  acting  is  given  to  the  benzol  or  other 
chain,  by  replacing  H  through  OH,  or  NHj,  or  both.  The  subsiancw  so 
produced  arc  the  so-calicd  "  mother-substances^"  They  arc  strongly  anti- 
pyretic, but  they  also  produce  collapse.  Ucforc  they  can  be  used  in  ])rac- 
lice,  this  collapse  action  must  be  diminished.  Tliia  may  be  done  by  replac- 
ing the  |H|.  either  of  the  (OHj  or  of  the  INIIi],  by  other  radical*;  the 
reduction  of  toxicity  being  greatest  if  the  substitution  is  made  in  the  NHj. 

These  substituted  compounds  art  only  after  the  mothcr-sub«tancie  is 
liberated  from  them  in  the  body.  Their  action  is  therefore  more  gradual, 
less  violent,  and  more  easy  of  comrol. 

The  inilucnte  at  tht  subslitutcd  tndicaJ  is  a»  follow*; 

The  irductinn  of  toxidty  Is  ercali^t  if  ihr  tuhslilulcd  radical  h  ut  tSkyl  (CnH^ 
+  I  or  COi'CnHin  +  iV,  liss  if  it  is  an  andyl  (COCiiHiD  +  t).     If  tirvcnl  H  ■UB*'! 
are  subtUtutcd,  the  toxicily  will  br  !csx  if  both  nn  addyl  and  an  alkyl  iwScal  are  iiUit^ 
du»d,  ihan  if  both  radicals  be  of  the  sniric  kind. 

The  toxicity  and  the  therapeutic  qualities  both  dimimsh  with  the 
of  the  introduced  radical.    The  most  useful  is  the  ethyl  {C*H»)  or  acetyl 
(CiHiO)  radical;  with  the  methyl  or  formyl  group,  the  toxic  action  ii  too 
great;  with  larger  groups,  and  particularly  with  aromatic  groups,  the  com-J 
pound  becomes  so  resistant  that  the  therapeutic  action  i&  reduced  almottj 
to  nothing.    This  is  true  of  the  citrate  and  salic)'late  radicals.     Such 
compounds  are  of  course  correspondingly  harmless. 

The  above  laws  mutt  be  modified  if  the  compound  b  decomposed  in  the  i 
with  liberadon  of  the  moiher-t^ub^tnncc.  It  muxt  nUo  be  remembered  thil  the  isdkalif 
BUM  be  introduced  into  tlie  rinK  by  subititutiuii;  the  mere  addition  o(  acid  ladkaVj 
forming  salts,  does  not  modify  the  propcrliei  of  ihe  orij^nal  tubitonce.  Tb^foral 
Anilin  Acetate  [C(Hi'NH,-HC|I{)t>i)  prcictvM  the  oriKinsI  toxic  aciMD  of  siillki;| 
whereas  this  is  greatly  weakened  in  .\cetamtid  (CjlI.-NII'CjUiO), 

The  suhaiiliitinn  of  nn  H  by  I,  Br,  or  CI,  doc*  not  modify  tlie  nnttpyretlc  or  I 
action  of  Ibc  original  sub'tunce 

Absorption,  Fate  and  Excretion. — The  antipyretics  arc  rapidly  ab- 
sorbed and  excreted.     .\cetaniti<l,  acetphenetidin  and  their  derivatives, 
arc  mainly  oxidized  to  paramidophenol,  which  is  probably  the  form  ial 
which  thej'  produce  their  actions.     This  is  excreted  in  the  urine,  chiefljri 
as  paired  comjKiunds  with  sulphuric  and  glycuronic  acids.     This  gives  the' 
"indophenol  reaction"  in  the  urine.    Antip>Tin  is  eliminated  largely  un- 
changed by  the  urine  (Jonescu,  1906),  traces  also  by  the  sweat  (Tachaa,. 
191 1),  and  sputum  (Hofbiiucr,  r9i5).    The  urine  quantity  is  generallyl 
decreased.    Occasionally  the  urine  is  blood  red,  and  green  in  reflectea 
light  (Penzoldt). 

The  antiseptic  action  of  the  (intip>-rctics  it  not  very  strong.    Thcv  ore,  howcvtt, 
(sometimes  used  fts  3nli»cptk.  «)-tring('ti(,  anil   kfmoitatU  duitimt  pnei^t   (accUxiilU;  ^ 
oranlipyrin  in  j  percent,  iteriliwd  solution).    They  arc  Icn poitonoui  and  leu  irrila 
ing  than  iodoform;  although  toxic  cScctn  have  been  reported  from   lh«  app'i^'ion  < 
acctanllid  id  wounds. 

lA-utocyiosh. — It  bus  been  believed  that  this  is  produced  by  anlip>-retic&;  but  I 
1915,  found  no  cfTcct.     The  migration  of  Inii  m  jIn  fiiiiii  tin  infliiiiird  iiiiMiiiIilj  1 
froi{»  is  inhibited  by  anlipyrin  (Ikeda.  iqiO). 

Antipyretic  Action  and  Effects  on  Metabolism. — ThcM  were  described 
on  page  456. 

Antipyretic  Dosage. — On  account  of  the  possibility  of  a  direct  coHapfe 
action  if  the  dose  is  relatively  large,  the  antipjTctics  must  be  administered 
with  care. 


ACETANILID,   ACETPHENETIDIN    AND   ANTIpyRlN 


473 


In  pncral.it  may  be  Mid  ihal, from  thcunsUesteSectivedote  (0.1  Gm.loracFtanilid, 
ct  too.;  (im.  for  nntipyrin  or  pheiiBcetin),tlie  extent  of  tbeuiti[»yretic  Action  incrcau* 
witli  the  iloM  of  the  aruit,  uniil  the  normal  WmDcraturc'  hasbern  reached.  Up  to  ihU 
point  \hcir  a  practically  no  datwer  of  a  dirtct  collapw  action.  But  if  tlie  dose  oecMaary 
to  wcurc  thi(  result  be  eicccdcil,  the  toxk  effect*  will  «ct  In. 

The  average  anlipyreUc  dose  may  be  stated  as  0.5  Gm.  (7  jp-.)  of 
Bcctanilid;  0,8  Gm,  (10  gr.)  of  phcnacctin;  i.a  Gm.  {70  gr.)  of  antipyrm. 
In  t>c^nning  the  irealmeiU,  ihii*  dose  has  to  be  repeated  once  or  twice, 
with  an  hour's  interval,  until  the  desired  fall  is  sccurtMl.  After  this,  the 
sdngic  dose  is  repealed  whenever  the  temperature  bcRins  to  rise.  Four  or 
five  doses  arc  required  per  day  to  ktxrp  the  palienl  praciiciUy  fever-free 
The  action  does  not  persist  after  the  drug  is  excreted.  With  single  doses 
the  antipyretic  effect  reaches  its  maximum  in  about  two  hours,  and  then 
declines  gradually,  so  that  the  febrile  level  is  practically  restored  in  eight 
hours  (Gottlieb,  iSc^o).  Consequently  the  administration  must  be  coo- 
linuous,  in  the  manner  indicated.  Those  antipyretics  which  are  rapidly 
excrctetl  (as  is  phenocoU)  are  therefore  less  useful. 

Tn  regard  to  details,  and  in  determining  the  chtnce  of  the  paHif.ttlar 
jubilance  to  be  used,  experience  is  the  best  guide.  The  same  holds  here 
as  in  other  cases:  Very  much  more  can  be  accomplished  by  any  one 
drug  that  is  thoroughly  understood  by  the  user,  than  can  be  done  with  a 
number  of  drugs  with  which  he  has  had  only  limited  experience. 

FeMwH  Desired  in  on  Antipyretic. — Thcidenl  nntip>-rctic  reuit  be  reliable  in  secur> 
ingft  fall  of  fi'Urik-  Iritiiji'ialurr,  'I'liio  (all  mui^i  lie  |iiiinipl..  but  not  loo  abrupt ;  it  must 
be  lasthiK;  and  when  tiie  rffc^cl  paucs  off,  tlie  temperature  mutt  not  nte  too  t^uddenly. 
Tbe  anolgei^ic  effect  should  be  i^tionK.  The  drug  should  not  be  decomposed  in  the 
Mornnrh  (ne  by  o.j  per  cent,  HC'I).  'Hie  toxic  do»e  should  be  considerably  hiither  than 
the  theraj)eutic  do^e.  In  the  latler,  the  drug  must  nut  «(  ilM.-U  cause  collapw  condi- 
tioQt,  nor  mcihemoKloliinrniia.  nor  pfotu«c  (weatinK,  nor  ulcin  eruptions.  Il  should  not 
have  a  l>a<l  taste,  nor  should  it  irritate  the  stomach.  If  it  19  to  be  used  iiypudeimlcally, 
it  raust  he  soluble  in  water;  otherwise  grent  solubility  U  of  no  ndvantnge. 

Of  the  compounds  which  have  been  (ifO(io»w.il  so  (ar,  Patn-acctphcnelidin  (Phcna- 
cetin)  seems  to  fulfil  these  demands  most  lalisluclorily. 

Analgesic  Action. — Like   quinin   and   the   salicylates,  all   the   anti- 

Kyrctits  ha\e  an  anulgcsic  effect  against  netiralgic  and  muscular  pains, 
eaitiithcs,  migraine,  colds,  rheumatic  conditions,  etc.;  bul  are  ineffec- 
tive against  other  forms  of  pain,  such  as  trauma.  The  mechanism  of 
the  analgesic  action  is  obscure.  It  tias  been  suggested  ihat  it  consists  in 
changes  of  the  meningeal  vessels.  There  is  little  if  any  evidence  of  true 
narcosis;  nor  do  the  antipyretics  reinforce  the  action  of  the  ordinary  nar- 
cotics lo  a  marked  degree  (Lomonosoff,  igii). 

Tbe  analgesic  action  is  exten;^vel>'  used.  Small  doses  (accianitid, 
0.1  Gm.,,^  gr,;acetphenelidin,o.3  Gm.,  5  gr.)  may  be  repeated  a  few  times 
with  three-hour  intervals,  if  necessary.  If  these  small  doses  fail  to  give 
relief,  larger  doses  are  usually  also  ineffective. 

The  analgnia  has  been  inveftllgated  in  man  bv  Martin,  Gr&cc  and  McOuire,  loiS- 
tty   found   that   0.3  to  i  Gm.  «(  «G«tplienrtidin  di&linctly  raiM*  the  Ibrc»hoM  of 
rculaneoui  senubility. 

Proprietary  Headache  Powders, — Thcic  usually  contain  from  y  ">  7^  P^  cent, 
of  antanilid  or  atttplu'mlidin  (Kcport  C.P.C.,  J.AJM^.,  looj,  44  :  i;oi).  generally 
L.Biixed  with  caffein,  salicylutc^.  hromid*.  ammonium  cnrhonate  or  lodium  bicoibonate. 
'  caffein,  saruylnli-  »nd  SuMiiiii  u'nuM  n-lnftirce  the  anHlice^lc  tictloo.  The  alkalica 
ere  Mppostd  to  incr<isv  the  Foiubility.  bul  do  not  do  so  I'Puektier,  1906].  It  was  alto 
that  all  thc»  drugs  iliniiiiiili  ilie  tonicity,  but  this  is  contindiclcd  by  the 
BvattaUe  evidence  [HuIt}.  The  indiscriminate  ui^e  of  the  powders  by  the  laity  has 
ttpealedly  produced  acute  and  chronic  pciUonin)i.  Aiilhnrilative  stndstici  of  this 
an  pretentM  in  the  report  of  Kcblcf,  Morj^an  sud  Kupp,  lyog. 
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ChfOfiic  Poisooing.— The  coniinucH  u*c  of  accUnOid  ("hcidadic-pMnlcn")  haa 
occasJonally  ciiui^cd  Ihc  drvclupmfiit  of  &  drug  hnlHt,  «rith  craving  ani]  iritbdrawil 
tymploms.  An  inj[\iilual  predisposition  nppeiirs  la  be  nccmafy,  for  tbc  conditiiMi  b 
Klotivtly  rare',  but  it  should  be  guarded  H^ainbl  in  iLi'  &diniaisinitioao(  the  drag.  Tlw 
^nipioms  of  chronic  acctanilid  poisoning  cuQsiit  in  mcthcEaoglobtncmia  (cbocohtfr- 
colored  blood)  with  thchlstologicDlood  changes  of  pernicious  anemia;  mnrk<il  IcucMy- 
toxis;  c>'aiio»s;  cardiaic  weakness;  progrcs^ve  mvnlul  and  physical  debility.  MtUfr- 
moiil'ibi"  m-^y  al'O  appear  in  the  unne.     (D.  D.  StcwatI,  1905.) 

Diabetes  Insipidus.— Be nelkial  rf»u1l6  have  been  dalmd  tor  theaatI|>yntks,/.L, 
by  llirschfoM.  1904.     They  require  confirmation. 

Side  Actions. — Undesirable  cSccts  are  latbcr  common,  cspedally 
when  antipyrelic  doses  arc  used.  Some  of  these  are  the  indirect  results 
of  the  heat  regulation — sweating  and  chills,  indirect  collapse;  some  are 
due  to  irritation — gastric  disturbances,  skin  eruptions,  renal  irritation; 
others  to  the  direct  systemic  actions  of  the  drugs — cinchoniMn,  o'anosili 
true  collapse.  The  susceptibility  to  tbctn  varies  greatly  m  diSereat 
individuals. 

The  liieratuie  of  the  side  actions  Is  given  by  Scifert,  NcbcDvirk.,  1915:  Acctaoilid. 
page  2;  Antipvrin,  page  4;  .Icetpheaetidin.  page  36, 

The  fwealing  \f-  due  to  the  increased  circulation  through  the  Ain,  and  is  prodaoed 
In  the  same  munncr,  and  has  tbc  same  jignificanee,  as  the  critical  sweat  nf  fever.  It 
must  be  looked  upon  as  beneficial  rallicr  Dian  otherwise,  tiince  it  aidi  the  mluctioa  ol 
temperature.  But  should  it  become  too  troublesome,  it  cao  be  lupprcued  by  null 
dottes  uf  Atropin. 

The  cutaneous  hj-peremia  is  perhaps  also  tciponsible  for  the  ikin  rTuf(i«nt.  Tbty 
are  particularly  frequent  after  anlipyrin. 

The  tendency  lu  tliis  erupiivm,  as  a1»o  to  a  slomolUis  which  Is  often  seen,  inarntM 
with  the  repented  use  o(  [he  drug. 

Phenylhydra-iin  produces  verv  similar  local  actions  od  the  Axn  (eoccma  ojrtbeina- 
losum  and  papuluMim)  and  on  titc  alimcnlaty  canal  ^gastiocntcrilis). 

The  chiilt  nccur  when  the  temperature  bt^ns  to  n»e  again,  and  are  due  to  a  ^mlB- 
bhe<l  circulation  tlirnui;li  ihe  skin,  just  as  ilie  chills  of  malaria.    They  are  not  ihcKfora^ 
to  be  attributed  to  the  drugs,  but  arc  rather  a  Mgn  that  the  action  u(  the  antipy 
has  worn  off. 

Gattrii  lympltims  arc  due  lo  local  irrilalioD,  but  are  not  frcquetit.  Most  ol  tbeM 
dru^  have  a  sharp,  wurm  or  bitter  laste. 

Rend  irriiation,  varying  from  slight  diuresis  without  hintologjc  cbange,  to  riolest, 
desquamative,  hemorrhagic,  parenchymatous  nephritis,  mny  be  produCM  by  all  coal- 
tar  derivalivct.  There  is  not.  hrm-ever.  any  danger  of  nephritic  lesiool  (rom  otdioaiy 
doses  of  the  antlp\'reiics,     Thallin  produces  a  peculiar  papillary  nephritis. 

d'ncAiinij'rn  symptoms  are  rare,  but  have  been  reported.  The  cyoi*orif  U  due  to  ikc 
methemogloblncmio. 

Ladopkcnin  produces  iV/ithj  in  over  half  of  the  patients,  uiually  on  iheBinth  to 
twelfth  day  of  its  use.  There  is  no  relation  to  doM.  It  appears  to  nc  hamileM,  asd 
is  probably  of  the  retention  type  rather  than  hemolytic  (Hanssen,  IQ16}. 

Metfaemoglobin  Cyanosis. — ^All  drugs  oE  the  coaUtar  series  act  mon 
or  less  upon  I  he  blood,  inside  of  the  body,  produdng  methcmaglobta,  anda 
in  larger  doses  causing  a  disintegration  of  the  corpuscles.    Thi»  action  , 
much  more  pronounced  in  the  mother-suhstances — antlin,  phenyl  hydra 
etc. — and  in  the  antiseptic  group  it  is  stronger  with  aoetanilid  than 
the  other  antipyretics.    It  leads  to  a  peculiar  cyanosis,  and  contributes 
to  the  collapse. 

The  methcmoglobin  formation  proceeds  much  more  weakly  in  ilied  blood  than  It 
does  in  the  bodv.     The  retation  of  the  methemoglobin  formatiom  lo  the  chcnk  coa*ti>  ^ 
tution  of  benzol  derivatives  has  been  investigated  by  W.  Hcubner.  igij. 

Collapse  Action.— Excessive,  and  somclimcA  therapeutic  doses, 
duce  serious  collapse,  with  weak  and  irregular  pulse,  dyspncic  or  sha 
respiration,  pale  or  cyanotic  skin,  cold  swtrat,  disturbed  consciousaessy  j 


ACRTANIUD,   ACETMTEKEriDIN   AltD   ANTIPYWN 


475 


» 


lubnonnai  teroperaturc,  and  death  by  circulatory  failure.    This  collapse 
i^  aomctimcs  a  direct  efTecl  of  the  dru^^  (cardiac  and  \'asomotor  depres- 
sion) ;  in  other  casc^  it  is  due  to  the  reduction  of  t)ie  febrile  temperalure, 
'unmasking"  a  preexisting  febrile  collapse.     Circulatory   failure  is  a 
'rw^genl  feature  of  fevers.    It  may  be  partly  masked  by  the  stimulant 
cff«u  of  high  tcmi>eralUTe,  and  will  then  reveal  itself  when  the  normal 
'cmpcrature  is  restored,  whether  by  antipyretic  drugs  or  by  baths.    Cau- 
tion is  therefore  necei^^ry  in  the  use  of  all  antipyretic  measures  in  aaLhenic 
'^^^'"er*.    Ikfcnstruation  also  favors  the  development  of  collapse. 

Of  the  more  usual  antipyretics,  acctanilid  produces  probably  the 
*tr«QgeK  direct  collapse  elTects;  then  come  anlipyrm  and  then  phenacelin. 

~4»a,  pbenylliy'driuLiD,  and  carliolic  acid,  ■nj  Kcneratly  ia  the  members  of  the  anti- 
~    ^tic  group;  Ml  j.troiig.inclec<I.  that  the  actioa  of  these  cannot  be  cootrollcd,  and  they 
hence  unfit  (or  inlrmal  jidmlnHtrtttion. 


The  treatment  of  poisoning  by  overdoses  of  the  ant!p>Tctics  is  the  same 
I  **   for  collapse  from  other  causes — stimulants,  heat,  etc,  {sec  Aconite). 
I  Circulation. — Tl)e  general  circulation  is  but  little  affected  J>y  ordinary 

"^►aies.    ITiey  vfitl  slow  the  heart  indirectly  by  reducing  the  temperature; 

*fai«  has  probably  sometimes  been  misinterpreted  as  cardiac  depression. 

The  eul»Htcia  vasfU  sre  dilaltd:  the  ItHnerant^  rcufls,  after  a  short  <liblIon,  tJiow 

^  Tn<w«  penlstent  coniiriction,  similsr  to  cafldn  oralcohul  (E,  Weber,  igop).    Bei«iu, 

*OSC  icpurli  dilation  in  rabbiu  and  fith.    Hinchfddet,  1915,  describes  dilation  of  the 

I  P'W-    and  rciinn]  vc»»cl»,  from  acctai^ld,  antipyrln,  aniyi  nllHic,  cafldn  and  alcohoL 

*  &a»  tends  to rai»  inlraocuW  prwamc,  i;nioiainzcaulionmji;Uufoma{W«icly,  ivij), 

Vitfa  Ujk  dotts,  the  hcdCt  IS  fint  acccferatcd,  and  later  ibwcd.     ThU  »  due  to 


Strips  of  terrapin's  itnlricic  arc  slowed  snd 


*U''«ct  action  upon  the  heart  muscle. 
^^Yvsted  by  acetaailid  (Catr,  1910). 

'The  lujBuwtof  ctul4r  is  not  affected  by  moderate  doses  fwlih  the  exception  of  the 
l>«n  conttotlins  the  cuiam-oua  vesseli.  In  constqucnce,  the  bloed  tretture  depends 
solely  upon  the  cardiac  action,  being  at  fint  iaerca*ed  and  later  tUminiibed.  In  doncs 
P*'o<liicins  colUptc  there  is  paralysis  of  the  vosomolor  system,  and  consequent  fsU  of 

**'"j*>U  prcMuic. 

^^  Str^ed  muscle  shovs  n  somewhat  mcrcascd  eSkiency  on  direct  vtitnulation,  and  a 

^*  I  "II  cuiarc action. 

PREPABATIONS — ANTIPVRBnC  CROtTP 

Only  the  most  important  pccpntntionc  are  siven:  others  mav  be  found  in  K.X.R. 

•^w(o»a»if>m»{Acetam!.),l,S,f.,B.P.(/lHrt/e6"».  l•henyl3<ctalnid,c^c,),C^ll,NH-. 
J-*^,C0. —  White  cp-ilalibo  powder:  odorless;  warm  laatc.  Slii^htly  sol.  in  water 
V*i  tUo), frody  sol.  in  «k.  U'-S-A)  ors!yeetin(i:s).  Liquef)c«wilhchloroIot  anlipyrin. 
^^vc,  o.)  Cm.,  J  gt.,  U.S. P.;  0.13  too.j  Cm.,  i  to  j  gr.,  It.f.;  in  jKiwdcn  or  capsules. 

'AcrlflUHeiidiHHm  (Acctnhcn.),  U.S.P.:  Phenattltumm  (Phcnac«t.),  B.P.  (Para- 
•^et-phenctiditt),  C«ll<(OCiUi)  NH-CH.CO.— White  crystalline  powder  or  scales, 
?weMB<i  and  nearly  tasteless.  Very  slightly  sol.  in  water  (1:1310);  sol.  in  ale.  (1:15]. 
*^u«6ts  with  chtoral  or  anlifmin.  D9u,<i.i  Gm.,  5  gr.,U.S.P.;  o.j  to  1  Cm.,  S  toij 
V;  B.P,'  in  powders  or  capsuMs.    Maximtn*  dare,  1  (iin.,  15  gr. 

_  ^Aidipynna  (Anlipj-r.),  U.S.P.;  Phtn*tonvm,  B.P.  (rhenyldimetbyl-pyramlon), 
J-»KNjO(Clii),CJf^— Wlutc  m-stolline  Dowdcr;  almost  odorless;  sUghtly  bittet 
J^e.  Vcr>'  Mil.  in  n-^tuf  (1:1),  (icrly  sol.  in  ale.  li:i.j).  lnc«mpiiliblf  irilh  nitrites 
Sep.  Aether.  Nitrot.),  mlh  Unnin,  and  with  mixtures  of  calomel  and  sodium  bltarbonate 
'  V^nMdiale  blodccnifte;  J.A.M..\.,  56;  187).  Ltquclies  with  SO<^m  hslicylntc,  etc. 
;  ?"*••  0.J  Cm.,  s  jtr..  r.S.P.;  0,3  to  t  Gm.,  s  10  15  Kr.,  B.P.;  la  solution,  powders  or 
**P»^et.    Utximun  dost,  x  Cm.,  is  gr. 

-MHtAtin,  N'.N.R. — This  is  onotrtcr  nytuolon  derivative,  introduced  as  analgesic. 
T**'i  <  to  ]  tim.  In  ihcumalic  (cvn,  Ii&hn,  191],  uses  It  Intravenously,  5  cc.  of  50 
r*  ynt.  wtuttoa,  three  times  dsily-  Riedel.  igt  j.  prefers  intramuscular  or  hypo- 
^^'JK,  J  Gm.  in  50  per  cent,  solution,  two  or  three  times  d^y.    Side  actions,  similar 
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UANUAL  or   PUARMACOLOCY 


ANTISEPTIC  BENZOL  DERIVATIVES 

General  Statement.— Thcae  differ  from  the  antipyretic  deriv-atives 
mainly  by  greater  toxicity.  On  local  contact  they  coagulate  proieins, 
thus  determining  Uie  death  of  cells,  resulting  in  irritation  and  inllamroar 
tor)'  changes,  and  in  aiuiseptic  effects.  After  ahwrption  they  prcxtucc 
some  excitement  and  more  pronounced  depression  of  the  central  ner\-ous 
system.  Many  aller  the  blood  iiijjnient  to  melhemoglobin.  Their  effects 
are  similar  in  principle,  but  differ  in  important  details.  The  high  toxicity 
13  due  to  various  side-chains,  ouch  as  the  hydroxy]  and  carboxyt  groups, 
by  which  they  can  react  Vith  protoplasm. 

HietoricAl.^Iii  the  form  of  the  naiural  mlxlurn,  the  antixptic  propcrtiM  of  cUl 
group  have  lone  bcrn  known  cmpitiooll}',  m  in  tlw  unoklnK  Ci  oMta  On*  of  (fa 
methods  of  embalming  i>rni;IJ°cd  by  the  Kg>-pliant  utilized  larKHxblJssni*  ud  products 
ricb  In  L-sscntifil  oils— llie  taltiT  bring  vrry  clotely  n^lutcd  to  the  ftitma tie  writs.  Tlx 
belated  substance?,  however,  btlong  to  the  nchievcmenti  of  the  mneteentli  eentury. 
Crrosntc  was  firvt  mndc  in  i^ji,  phenol  in  1834;  but  ilinost  thirty  yenn  dapicd  bd«tt 
Unry  wiTf  ustd  in  bu  rucrj'- 

Influence  of  Structure  on  Actico.— Benzol,  Ctllt,  the  mother  uibttaocr  ot  the  ce«I- 
tfir  M.'iic'*,  has  n  low  tmiciiy,  because  it  CHn  not  reiLct  with  proloplntm.  Tim  cap*dty 
u  given  [o  il  by  replacini:  pact  <if  (he  H  alomti  by  cither  s,n^(.,  especidly  by  OH  ifons- 
ing  phenols)  or  by  ("Ojll  Ifoiming  adds);  or  by  both.  The  Oil  tadU«i  a  the  mort 
»Clive,  the  Bnliwplic  «nii  liivic  nrlions  incrtasind  with  the  numbrr  ef  OB  frouft  {}■£■, 
progresMvely  ftompbFnoi.L'nMgOH.  tu  rF^UI[.iu,C|j[I(Ull)1,  and  pyroinllol.  CtIf](OH)i), 
nut  it  is  n!so  inlluencrd  by  the  position;  thus,  phloroglucin.  the  Uomcr  of  pyrot^o). 
is  not  active.  The  intriKliKlionof  the  COitf  if »«?  alone  H.r.,  benzoic  mcidTCtili'COiH), 
doi;s  nut  ii-nder  the  substance  very  active.     The  introduclion  of  both  OH  imd  CO|H  lo 

the  ortho-position'  (f.e.,  ulicyllc  add,  ^(Bt^cOiH^  mulls  in  a  compound  vhichb 


J  Whvn    Ihn    tub^lilutian   ncrurv   in  Ihr  iMiiilinn  I-v.  Ibe  (irlhi».e«lrpaiiad 
I :  J  tivM  th*  iDtta-comtKiund:  and  1 : »  ihs  p»rB-<oinp«ind. 


less  toxic  and  lets  ajitikcptic  than  phenol,  hut  which  has  peculiar  a^tiIhenIluticJlc«2r^ 
tic*.  The  antiseptic  <iunlily  may  Rltwi  he  brnuHht  out  by  otkrr  acidyl  COb^  (COCHi, 
etc.).  the  activity  being  piuporliunal  tu  the  sixe  of  the  intruduccd  nwlecule.  NOi  afati 
develops  the  nntiseplic  action,  but  add*  it*  on-n  toxicity  to  that  ot  the  phenoU-    Tbt 

substilulion  of  an  M  of  the  CtKi  In  phenol  by  ilkyh  (crtsob,  C«H(<^.||  )  leads  to  U 

increase  of  the  antiseptic  power,  and  diminiihci  at  the  sninc  lime  the  toxitily  to  tiuuei. 
Ilichrr  katfinloiiirs  introduce  no  important  modincjiliont,  The  union  of  two  plieBoU 
direelly  or  by  Cfli,  etc..  increases  Ihc  aniiseptic  action,  but  if  united  by  COorSOt,  Il 
IE  dimminhed.  The  suHIUulion  of  hahgrni  incrciuei  the  antiseptic  actioo.  acconfint 
to  the  rtumbcr  of  atoms.  The  toxicity  in  diminished  by  the  lower,  incrcnscd  by  the 
higher  numbers  (Bethliotd  and  IChrlich.  1006). 

The  group  which  gives  the  valuable  aniiscTilic.  but  also  the  unde*it«bk  toiir  and 
cattdic.  <iunliiies  10  these  omjiounds,  is  the  OH. 

The  violence  of  its  aition  may  be  moderalrd,  as  in  the  uJEcylic  acid,  ot  in  the  craMb; 
oril  may  be  masked  by  replacing  its  Hhyotlier  tndiciils  (tile"  Neiicki'*»»IoI  principle  "O- 
These  uttrs  (cj..  salol,  CtH,  OKCOiC.Hi)  will  develop  their  action  when  dcti>tnpo«il 
into  ihetr  phenol-  Combinations  which  ate  w>  lirm  as  to  prevent  tha  libenlion  It-t-, 
the  sulpho-cnrbolates]  nie  neither  antiseptic  nor  toxic:  in  foci,  it  is  by  the  fonnatian  of 
such  compoimds  thai  ihe  "rymiism  protects  Itself  agoinM  these  poisofW. 

The  antiseptic  and  local  ncili^n*  of  the  tolicylatcs  or  other  lalti  arc  also  nodi 
Icis  than  thoic  of  ihe  cone^jKindlng  iicids. 

Fate  of  the  Benzol  Derivatives  in  the  Body. — ITic  six-carbon  ring  i» 
relatively  resisuni  lo  decomposilton,  and  for  the  most  part  pasaes  ihrougb 
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BF.NZOL 

»e  Dody  unbroken,  although  a  little  is  bumed.  The  hj-tiropien  atnins 
and  si<le-chains  undergo  more  or  lesi  oxidatiun,  resulting  in  new  hydroxyl 
and  carboxyl  groups  (phcno's  and  acids)  in  considerable  variety.  These 
again  enler  combinations  before  being  excrtled  Iiy  Ihe  urine;  the  phenols 
[orming  esters,  chiefly  with  sulphuric  acid  (Baumann  and  Herler,  1876; 
O.  Neubauer,  ipoi);  and  to  a  lesser  extent  wilh  glycuronic  acid.  The 
aromatic  acids  combine  with  glycocoll  to  form  hippuric  acid,  etc. 

The  Fotnulion  of  Ibe  tslcrs  is  gciirrally  propurlional  to  tlip  toxicity  u(  the  phenols 
tS-  Ft««il(cl).  Since  the  cJlets  ■re  much  Ic5s  toxic  th.in  the  phenols,  it  cooititutcs 
■Binportsnt  protection  of  Ihc  organism  against  poisonint;.  e-ipednlly  against  Ihe  phenols 
arinng  in  iuIestlDnl  puticfxction.  Tbi^  normiLl  pheiiul  excretion  (Lar|;ely  pariicreiol) 
lends  to  viu>'[lircclly  uiih  the  protein  intake  (Folin  an<1  Deni^,  1015J,  In  phenol  poi- 
soiung,  the  urine  becomes  poor  in  friH.'  and  ricli  In  ethereal  sulphates,  and  ha?i  a  smoky 
color,  especially  on  standing,  from  the  oxidation  of  the  hydroquinon,  pyrocatechin.  etc. 
The  Klyeiironic  compounds  may  be  miiultcn  for  tugor,  since  they  reduce  copper,  *1- 
thouRb  motr  slowly, 

Glfcuronic  Add. — Thii  corresponds  to  dextrose,  with  the  cnd^chaio  (CIIiOH) 
oxidised  to  (COOH).  It  Is  probnhly  an  intermediate  itoge  in  the  oxidnlicin  of  Klnco»e, 
for  verv  lilUe  can  be  formed  in  glycoften-poor  animals  (Dakin).  Glycuronic  acid  is 
probably  not  n  normal  stage  of  carbuhydr«lt  metHbolism^  for  it  it  b  admini.itercd 
pucnicrslly,  it  appears  nimoit  quantitatively  unchnnged  in  the  urine  (Hiberfcld, 
1014)-  It  li  never  excreted  lre«,  but  always  m  combination  with  aromatic  alcohols. 
phenols,  ketonci  and  atid.-i.  Hacmaclacinrn,  tgrj.  sujiposo  that  the  nIcohoU  first 
tombine  with  bIiicow,  and  that  this  glucosid  is  lh«n  oddixed  to  the  Klyeuronate 

The  principal  drug!  wkirh  tcinir  Iht  apprarancc  af  Glyiuronk  acid  in  Ibe  urine  are; 
Turpentine,  chloroform,  chloral,  camphor,  phenacelin,  saccharin,  salirylie  add,  bnl- 
ULnu.  morphtn;  and  others  are  enumerated  by  S,  Frnenkel.  trd.  ed,.  p.  iu4. 

The  Hippuric  Acid  Fonnation. — This  occurs  in  some  animali  exclusively  in  the 
kidneys;  in  siime  it  may  also  be  found  in  other  oreans.  Dog*,  for  instance,  synthetiM 
hippuric  acid  even  after  cxci^ioU  of  their  kidneys  rKingsbury.  iQij). 

The  place  of  formation  of  the  ethereal  sulphates  is  not  known,  but  it  hiu  been  shown 
to  be  iodcpendcnl  of  the  livei  (Lade,  igii). 

BENZOL 

Benzol,  C«H«,  ha*  come  into  some  prominence  for  the  trealment  of 
Iculccmia.  It  often  causes  temporarj-  improvement,  but  is  rather  unre- 
liable and  sometimes  dangerous.  .Industrial  xciite  and  chronic  poisoning 
b  also  common,  from  its  use  in  ^le  arts  (ae  solvent  for  rubber).  It  ia 
somewhat  antiseptic  \^ 

* 

Acote  Beotol  PoiEooing. — Fairijr  luje  doses  of  beiuol  arc  tolerated  bv  mouth; 
9  to  II  Om.  have  cauticd  na\tMt  collftMC  (Pcrriri,  itlOi;  Avcrlll,  iK8u).  '^hc~acutc 
■ynptonu  are  testlcMness,  eicitemral,  nigh  rise  of  temperature,  narcosis,  and  death 
by  pualjrsia  of  respiration.  Sublethal  doses  arc  followed  by  good  recovery.  The 
tccbmcal  article  is  wmrwhal  nwrv  Unk  than  the  pure  (Lehmann,  igii). 

DlMrfbutioa  of  Benzol  after  Poisoaing.— The  brain  and  spinal  cordeonltun  mote 
tiian  other  organs  (Jouchimoglu.  1915). 

Bcawl  Vapof.—  This  causri  intoxication  by  absorption  through  tlie  lungs.  Dilute 
vapors  produce  headache,  vertigo,  ataxia,  twitchings,  convuliions  and  coma.  Kuehner, 
1911,  finds  bmiol  about  as  narcotic  a*  chloroform.  Concentrated  vapor  in  markedly 
toxic,  froenctimes  producing  acute  death,  There  axe  no  characteristic  anatomic  leuons, 
except  that  the  blood  remains  fluid  for  a  long  time;  Ilierc  are  often  small  hemorrbaxes 
in  various  organs.  Patlenls  who  recover  sometimes  develop  skin  changes  (Lcwin.  1907; 
Wolf,  (91 1 :  Hcfllcr,  igtjj.  The  entire  symptoms  are  produced,  also  on  animals,  by 
pure  as  well  as  impure  bcniol. 

Chronit  Poisenint  by  Vapor.-  -Thi*  ntuiies  hemorrhages  (purpura),  Icucopcnia, 
tMnia,  and  finally  death  under  tiiith  fever  (Santrsson,  iSu?;  beltinK,  iQii).  These 
tSicts  are  attributed  to  destruction  of  Icucocylo  in  the  circulating  blood,  and  to  damage 
tl  the  bone-inarrow,  lymph  Rlands,  spleen,  and  the  whole  hemniopretic  system.  The 
lonnstktt  ol  Uood  pbtelcis  is  first  stimulated,  then  depressed  (Dtike.  1913). 


UANUAL   OF   FHASMACOI.0CV 


Blood  Chaoees  in  Animals. — Subcutaneous  injeciioni  of  beasol  (3  to  40  c.cO  iBto 
rabbits  or  dogs  produce  death  in  three  to  twenty  dnyt.  witli  mnrked  de*uuctive  duo^ 
to  Ihc  hi-tua(o|>i:Fiic  otgitns,  especially  (he  myeloid  ti^uc.  Tbcre  is  a  cotropnttdiai 
diminution  of  tiie  leucocytes  and  blood  platelets.  U'ith  larEcdoio,  tli«  phtdeU  show 
apreliminitry  inrrcuseln  rabbila,  not  in  (li>{[s(nuke^  iQ'S).  Tlierc  ii  litllc  chaMe  in  tbe 
rM  cells  (Neumaun.  igi;).  The  prolhrombin  is  alMi decreased  (Hunrttsand  Driltkn, 
igi;).  The  production  of  anlibodicx  it  diminished  (Hektoeo.  1916).  Tht  chancn 
vnrv  qunniltilivcly  in  <!tffcrcnl  individuals  (v.  Xeumnnn,  1915). 

Use  in  L«ukenua. — The  deslruclive  action  of  beniol  on  leucocytes  ltd  U>  Its  intii>- 
ductlon  by  V.  Koranyi.  igi;.  Numerous  reporters  (Kirolyfi,  1911;  Stein.  1911;  Stem, 
191J;  Billingi;,  i<)iy,  Motawitit,  t9M>  Hahn,  1414,  etc.)  have  deM'ribed  mofc  Of  lot 
favorable,  but  rallier  inconstant  results.  The  cliaiiges  arc  noticed  only  after  continued 
ndmini5irntic)n,  often  rcouiring  some  weeks.  The  leucocyte  couct  falls,  more  pio- 
fouiidl<i'  iind  ptr^i^tcntly  than  uith  aracnlc,  but  never  to  norinal,  at  In  X-ray  trcatiBcnt. 
The  general  condition  is  also  impruviHl.  The  best  mults  are  obtained  wben  brntol 
is  preceded  by  or  continued  wittt  ray- treatment.  In  n  considerable  number  of  cat*!, 
espcdally  the  advanced,  the  benzol  is  iin»iuccesilul.     In  other*,  toxic  cHecU  wipcfvcae. 

Hechanlsm  of  Action. — Urinary  chuntiei  indicate  metabolic  diltuTbanccs:  Inctmc 
of  ncutrul  sulphur;  decrease  of  Urea  +  N,  slight  increase  of  ammonia,  in  roott  case* 
albuminuii^  (Sohn,  U)t3).  The  uric  acid  is  not  increased,  and  this  ^pcakt  afsiiiM 
destruction  of  leucocytes.  Pappenheirn.  1913,  believe*  Uie  decreaue  to  be  only  auiaKnl, 
asserting  that  the  leucocytes  accumulnte  in  ttic  dilated  capillaries  of  the  liver  sail  otkcr 
intcrn.1l  organs.  He  found  marked  bcpsllc  and  lena!  lesons  in  rabbilt  after  Wpcsted 
l»r^  doses.  Duke,  I9i5>  attributes  the  platelet  changes  to  irritant,  then  tozjc  KtlOH 
on  the  bonc-martow. 

Toxic  Effects.— Ordinary  doses  cause  cractatlans,  but  the  appetite  is  not  dittiubcd. 
There  may  be  some  dixEincss,  sometimes  bronchitis.  Occaaitmally.  late  symptoms  of 
chronic  benzol  poisoning  develop,  which  may  be  fatal  (Neumann.  1913;  Klcmpcrer  awl 
Hlrechfeld).  It  is  therefore  advised  to  discontinue  the  brnxol  as  won  as  the  leiKOcylc* 
start  to  dechne  (Kiralyil,  lyij);  or  at  least  when  tliey  hare  fallen  to  M>^ooo^  Liver, 
kidney  and  inleuinni  disturbances  contraindicate  benzol  (Mahn,  1914). 

AdmiaiEtratioa. —  iiillings  use«  thi;  bcn»ol  in  eilcmporaoeous  capMiles,  J  f^l^l^s 
incren^iing  to  1;  minims,  after  meals  and  at  bedtime. 

Fate. — Renzol  is  partly  ojiiiixed  in  the  body  In  phenol  (15  to  jo  pet  cent.),  calccJul 
and  quinol  and  excreted  as  plienol-sulphales  (liaumann  and  Herter.  1877);  a  part  is 
completely  destroyed  to  muconlc  acid  (JaiTc,  1909),  and  a  conudefable  portioa  b  C3> 
Cycled  unchanged  by  the  tuogs. 


PR  EPARATIONS — BEN20L 

Bfntenum,   H.P.;  Bensenc  (Utenzol)i  C<H4. — Not  to  be  confused  inth  Btnxinu 
Purifieatum,  V.S.P.,  Bcnzin.    The  latter  is  Petroleum  Ethet,  a  gasoline  fraction. 

TOLDOL 

Toluol,  C.H.CHi,  is  used  as  a  laboratory  nniiscplic,  opcdaHy  to  preserve  femients. 
Its  toricitv  is  low  (Baumaan  and  Herter,  "S?;;  ScbultJien  and  Naunyn,  1867).  Its 
effects  ana  those  of  xylol  arc  similar  to  bcnxol  ^hmann,  igii). 


PHENOL 

Phenol  {carbolic  acid,  CsHt-OH)  illustrate!)  the  characterbtic  proper* 
ties  of  the  series,  and  is  ihe  most  widely  linown  and  used  of  these  anti- 
septics. It  owes  this  popularity  to  its  being  the  pioneer  o(  the  group, 
through  its  inlroduclioii  by  Lister,  1867.  Some  of  its  derivatives  are 
Kuperinr,  at  least  for  special  purposes. 

Antiseptic  Action.^ — Phenol  is  a.  general  protoplasmic  poison  and  a 
fairly  active  disinfectant,  allhough  not  nearly  as  powerful  as  mercuric 
cblorid,  or  even  as  the  eicsols.  It  precipitates  proteins,  but  the  combina- 
tion is  so  loose  that  it  readily  disuses  further,  and  therefore  penrtntn 
more  deeply  into  the  tissues  than  the  metallic  antiseptics;  and  its  action 
is  not  so  much  hindered  by  the  presence  of  organic  matter.    The  Jism- 
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frelani  powrr  \'arics  greatly  for  different  mieroarKani&ms;  spores  arv  es- 
pecially resUtant.  Tubercle  liiu-ilH  arc  killed  l>y  exposure  lo  5  per  cent. 
Mor  twenty-four  hours.  It  is  much  more  effective  as  an  antiseptic,  i.e.,  for 
•  checking  bacterial  growth;  l^^  to  i  per  cent,  suffices  for  this  purpose. 
These  are  the  concentrations  used  on  the  body,  for  here  it  is  not  necessary 
lo  kill  the  bacteria  if  only  their  development  is  effectively  preveotca. 
These  solutions  Ao  not  ordinarily  injure  the  tissues. 

Antiseptic  Uses.— Five  per  cent,  solutions  are  used  lor  the  disInfecUonof 
the  utensils,  instruinenls,  the  hands,  etc.  The  penetration  and  therefore 
the  antiseptic  efficiency  are  increased  by  the  addition  of  salt.  "Crude 
Carbolic  .\cid/'  which  contains  the  more  active  cresols  and  is  cheaper,  is 
preferred  for  the  disinfection  of  excreta.  As  antiseptic  for  wountis  and 
mucous  membranes,  garglca,  lotions  or  injections  f-jj  to  t  per  cent,  of 
phenol  are  used.  \  drop  of  imililuted  phenol  is  useful  for  disinfecting 
and  cauterizing  small  wounds,  biles,  etc.  Injections  of  phenol  have  been 
tried  against  local  inflammations,  tubercular  bones  and  lymph  glands, 
boil*,  erysipelas  (s  per  cent,  lo  scarified  surface),  etc.  Lotions  are  used 
as  parasiticide  in  scabies,  sycosis,  pityriasis,  and  against  pediculons 
capitis.  Inhalations  have  been  Advocated  in  fetid  bronchitis  and  pul- 
monarj'  gangrene. 

Solutions  in  Fatty  Oils,— In  these  phenol  is  not  antiseptic  (Koch,  1886), 
because  its  solubility  in  fats  is  so  much  greater  than  its  solubility  in  pro- 
toplasm that  it  prevents  its  transference  to  the  bacteria  or  tissues. 
"Carlwlated  Oil"  is  merely  a  mild  local  anesthetic  and  dermal  irritant, 
useful  (or  promoting  the  healing  of  small  wounds.  Alcohol  and  glycerin 
have  a  similar  restraining  action.  The  solubility  in  petrolatum  is  very 
small,  so  that  the  U.S,P.  ointment  made  with  this  base  should  be  very 
actively  antiseptic  and  irritant. 

As  intestinal  antiseptic,  phenol  has  little  value  because  of  its  prompt 
absorption  and  marked  toxicity. 

Solnbilitf  of  l>heDOl  in  Mineral  Oils.— Pllchcr,i4i4f'iriil»  that  1  pkrtofcmtalUaed 
plffBot  <tLtK>lvu  in  S  tt>  9  paili  o(  pL-Iroleum;  30  U>  ii<i\  Kuoliue;  ijto  i4o{Mldpetn> 
(uum;  4j  lo  to  of  IiciuIli  pcIrolntuTn- 
Pbaao)  lajvctjods  in  TetanuB. — Thc^t  have  lirrn  introduced  by  Bsccdli.  Ratter 
large  doses  Are  uscil.  a  ;  to  3  prr  crnt.  solution  bcLiijt  injected  intrattmouxly  or  hypo- 
dcrmicBlly  ^ons  the  »pinc  every  two  or  thm  lioun,  the  daily  done  iloitine  triin  0.1 
loo  ;  Gm., aiidincrettsingr«pjiir}' to  aS  to  i-s  C:m.<ilnb»olutep>icnolindlviat>ddote*, 
acconling  to  «ciitiity  (J..\.M.A.,  jj:  (140,  1900).  No  bad  effects  have  been  reported, 
and  it  in  said  to  cauK  prompt  improvement  and  to  1c»en  the  morlallty,  even  in  teven 
nam  (Eaccdli,  1911;  Ascoli,  191,;),  p('rliti]>s  by  its  HiialKeMc  auii  antipyretic  action*. 
Tlie  treatment  li^  not  been  liitd  adequately  by  inriepcndent  obwrverj,  and  finaJ  judts- 
nnt  na  not  be  pasted  on  it  (Dreyfus,  iqh)-  McClintock  and  Ilotchinsi,  1913,11*10 
tbkt  it  hftsooly  a  limited  value,  as  a  t'lmolc  ^ixUiiic. 
ncldcl,  I914>  oblniocd  nejcalive  rtiulls  in  ftibiri, 

pMlkuom  CtpittL — Whillirld,  iQii,  odvitct  Hiaking  the  valp  in  a  3.5  per  cent, 
phmni  inhilinn  Tnr  ten  minuter  and  IcavinK  the  w1iiit.>n  im  the  hidi  for  ao  bout. 

ActJOM  m  VauMUla- — rhcnol,  Mlicylic  acid,  anil  other  coiJ-tv  sntbeptla  have  a 
irtardii^  eSect  npoo  ftrmtiit  *aiitn — espctially  urbolic  and  uUcylle  add.  A  5  per 
cent.  lotution  of  pbenol  nifficei  to  weaken  materially  the  actlOD  of  moM  fermeDt*. 

Local  Actions. — Concentrated  phenol  applied  to  the  skin  or  mucous 
membranes  produces  luickling,  burning  and  pain,  then  numbness  and 
aocfithesia,  wrinkling  and  softening  of  the  epidermis,  the  color  of  the 
din  becoming  first  white,  then  red,  and  fmally  Iwovm.  There  is  no  direct 
corrosion,  but  a  local  necrosis.  A  dry  scab  forms,  which  separates  without 
pus.    Short   applications  of   weaker  solutions  determine   merely  some 
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wrinkling  and  blanching  of  ilic  e|)ul«;rmi»  and  ihe  wnsory  pheoomHia. 
but  cwn  a  5  per  cent,  dilution  of  iht  acid  may  cauw  necrosis,  npeciittl) 
when  sppiicd  continuously  to  tlie  extremitiea.  Thi»  enjoitu  cstlUon  ^ 
ihe  use  of  carlwtic  drc^singi^. 

The  analgesic  effect  of  dilute  phenol  solution  and  ointments  is  v^ 
against  itching. 

Absorption. — Phenol  is  absorbed  from  all  muojus  membranes  »^" 
wounda,  and  even  from  the  intact  skin.     In  the  intestinal  canal  its  absorp- 
tion is  at  first  \'cry  rapid,  but  soon  becomes  almost  arrested,  apparci**  ■ 
by  interference  with  the  local  circulation  (Sollmann,  Hanzlik  and  Pilct***' 
1910).     Il  is  distributed  through  all  the  tissues. 

Fate  and  Excretion. — A  pari  of  the  phenol  (l:J  to  Jjj)  is  complet*"^* 
burned  in  i\u:  lu-dy  (Tauber,  187R;  SdiafTer,  tR;8;  Jonge,  1897).  '^^ 
remiiinder  ts  excreted  in  the  urine,  largely  as  ethereal  sulphates  u-*^* 
glycuronatcs  of  phenol,  hydroquinon  and  pyrocalechin.  Howcx-er,  Fc:»»'° 
and  Denis,  1915,  find  that  30  to  90  per  cent,  of  llic  urinary  phenol  is  *^^ 
conjugated.  The  oxidation  products  impart  the  smoky  color  to  «-»*' 
urine.     A  trace  of  phenoltt  h  found  in  the  sweat  (Tachau). 

Central  Actions.— Ver>'  small  doses  of  phenol,  as  of  all  the  coal-*^ 
antiseptics,  produce  at  first  an  attalgesic  and  UHlifiyrdic  aclian.    Thi»      **  [ 
»o  fleeting,  and  passes  so  readily  into  the  graver  effect*,  that  it  can  not     *-^' 
used  in  therapeutics.     This  preliminary  stage  is  foltowed  by  more  p^i 
nounced  symptoms  resembling  the  "toxic"  efTects  of  salicylates.     X>s 
gerous  doses  produce  prompt  collapse  and  coma.     Frogs  and  mainmJ 
exhibit   characteristic   mu.'icular    tremors,   twitchings    and    con\ 
persisting  until  the  blood  pressure  falls  very  low.     These  arc  absent,  or 
roost  wry  faint  in  man  (Huscmann,  1871). 

Phenol  CoDvulsloau.— SMIcowski,  1871,  iboweii  that  tbuc  arc  lorated  bi  ibr  1 
cord  (divuion  of  itdatic;  decapitation).     Morila.  1915.  also  found  thu  the  COnvoE 
occur  in  ttbbit*  after  ablnliiMi  of  the  hemisphens.     Boglioiu,  1900  uul  1900,  by 
methods  explained  under  slrycbnia,  coodudcs  that  the  convulalaDa  depeiul  <ia  idcrm 
excitability  oi  the  tpbal  motor  edk.    Direct  application  o(  dilute  pticnol  tolatkm 
the  ttpoied  qiinal  cotd  produces  aiu«ttie«ia.    Ybe  exeitalulity  of  the  maUf  t^rttr 
lowered  by  its  local  nppli<adon  (Baglinnl  and  MaRnlnl.  1910).  without  convaL 
(Amaalea,  1913).     MukU  and  timt  jibtrt  ore  aUo  panlyztd  by  local  contact 
»trang  Mlution*.  but  do  not  Mcm  to  »uScr  if  tlic  drug  ncii  (.yt^icBikally. 

piiennl  doM  nil  awtikai  anlraab  (lom  chloral  tleep  (Airila,  1911). 

Symptoms  in  Frogs. — Phenol  produces  «uccc»ivdy  local  rdtex  initatiaa,  ■m^ 
atupor,  a  medullar)-  civ,  then  gradually  the  twilchinos  and  irregular  and  incoAnlliul 
coniraciions.    The  rrnpxet  arc  prtscrvcl.  liui  nniunilly  incflective  (leeauM  uj  Ibc  iiiM 
(erenre  and  inleirtaptioni  of  tbe  cocwUioiu  (IliLgliuDi). 

Circulation.— Intravenous  injections  of  phenol,  even  with  small 
cause  marked  fall  of  blood  pressure,  usually  with  rapid  recovery  tui 
a  certain  dosage  is  exceeded.    The  fall  appears  to  be  both  cardiac 
vasoniotor.     When  phenol  is  given  by  stomach,  the  blood  pressure  remai 
low  because  of  the  continuous  absorption  (Sollmann  and  Bruwn,  1 

Vasomotof  C*fit«r<— This  [s  imually  depmsed.  probably  directly.    This  majr, 
ever,  be  modified  by  indirect  »timulalioo  IhrougD  the  convulnoo*  or  bchanla. 
center  may  thc.'cloic  be  jtimulaicd;  or  a  period  of  sliiaulatloa  may  precede  « f 
lh«  delMeuSoO  period  (I'llchcr  and  Sutlniann,  1015). 


ReBpuation,  Temperature  and  CoUapBe. — The  rtspiration 
slow  and  shallow,  and  I'mally  stops.    The  temptraiurr  (alls.    Since  I   ~^f 
collapse  affects  all  the  medullary  centers,  and  the  cardiac  muscle  as  we^-''' 
U  con  not,  of  course,  be  removed  by  artificial  resfHration. 
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ThU  coiutituUt  >n  imparUnt  diflerrnce  (ram  the  collapse  pteduc«l  by  the  druics  of 
tbe  aJcidiol  Krira.  Anather  diUctcncc  <oii»*ts  in  the  (net  ihnc  with  the  ootiicptic 
Sraup  the  leMt&ility  to  pain  is  afleo  pfeservat  (ar  into  the  coilapie.  The  local  effects 
of  tbe  phenol  play  nO  important  poit  in  tlie  productioa  cf  the  collapw  (Sollmiuin  bimI 
Brown,  1006). 

Phenol  ckutCK  on  tnctewK  oE  irtrttioiit,  eapeciaJly  of  saliva,  «weat,  and  team,  not  yet 
accoiwUd  tor. 

TOXICOLOGY 

Suicidal  noisoDing  by  cEtibolir  acid  is  very  common,  partiailarly  in 
the  Unilcd  Suies.  Accidental  poisoning  is  also  common:  it  may  result 
even  when  the  phenol  is  applied  U>  th«  intact  skin;  its  hbcral  »ppliCtition 
to  open  surfaces  has  frequently  led  to  toxic  symptoms.  The  fatal  dost, 
by  mouth,  varies  between  8.5  and  60  Gm,  fLcwin);  0.8  Gm,  has  been 
given  therapeutically  without  bad  effects.  The  toxicity  is  about  the  same 
by  mouth  and  h_\-podermical]y  (Hjile,  1913). 

The  course  of  carbolic  acid  poisoning  is  very  rapid.  In  almost  all 
fatal  cases  death  ensues  inside  of  twenty-four  hours. 

Symptoms.— The  local  sympiomi  cons.ist  in  burning  of  the  mouth 
and  throiii,  nausea  and  vomiting,  abdominal  pain.  The  carbolic  bums 
generally  heal  promptly,  with  small  tendency  to  scar  formation. 

The  sysUniK  symptoms  are  those  of  a  vcrj'  speedy  collapse,  starting  in 
a  few  minutes,  even  when  the  drug  is  taken  by  moulli.  It  is  manifested 
by  faintness  and  muscular  weakness;  ntrcly  twitching  and  convulsions; 
])ul3e  Mnall,  weak,  and  slow;  face  livid;  cold  sweat;  respiration  slow  and 
shallow;  unconsciousness;  coma;  death  by  stoppage  of  respiration. 

The  uriite  is  scanty  and  often  contains  albumin  and  casts,  sometimes 
hemoglobin  or  bile  pigmeiils.  It  has  a  dark  smoky  color,  due  to  phenol 
compound.4,  and  gives  little  or  no  sulphatc-prccimLite  with  barium  chlotid. 
These  points  arc  of  diagnostic  im]>ortancc.  The  urine  rarely  contains 
traces  of  uncombined  phenol. 

Qucaic  Phenol -poisoning. — In  the  days  of  the  Lixtcr  spray,  chronic  nhcnol  poinoo- 
Idk  was  not  si  nil  uncominnn  nniong»t  suigeons.  It  prnciiU'd  (lie  Kencral  symptoms  of 
marasmus.  The  quantity  of  the  acid  entering  the  system  uadct  these  circumstancts 
it  quite  phenomenal-  1  C!m.  oF  phenol  were  recovi-ini)  from  the  urine  o[  a  surgeon  who 
had  asiittC'l  Inr  two  and  a  half  hours  at  an  operution  under  a  i  per  cent,  spray.  Minor 
grades  ma^-  occur  from  cnrbolic  applications.  They  often  show  skin  eruptions  (Lewin) 
and  renal  irritnljon  (kidney  chaaftt'Vi  Uyeno,  Kjor/). 

Treatment  of  the  Local  Effects.— These  are  removed  by  promptly 
washing  with  alcohol  for  whiskey)  and  applying  an  oil  dressing,  Alconof, 
fats,  glycerin,  turpentine  and  ether  act  simply  by  their  solvent-affinity 
for  phenol,  preventing  its  penetration  into  the  tissues  or  dissolving  it 
from  them  (SoUraann,  igo6). 

Treatment  of  Internal  Ptrisoning. — The  best  success  is  obtained  bv 
laeagr  of  the  stomach  with  warm  water,  or  first  with  10  per  cent,  alcohol; 
taking  care  that  the  fluid  does  not  enter  the  trachea.  The  washing  must 
be  continued  till  the  phenol  odor  disappears.  It  should  be  altenipled 
even  if  aa  hour  or  more  has  elapsed  since  the  poison  was  swallowed 
(D'Holel,  1907),  because  a  large  part  of  the  phenol  remains  for  a  long  time 
unabsorbed  in  the  stomach  (SoUraann,  Hanzlik,  and  Pilcher,  1910). 
Cbcmic  antidotes  are  of  less  service.  Syrup  of  lime  or  potassium  perman- 
ganate is  the  most  promising.  Alcohol  and  sulphates  are  practically 
useless.  Intravenous  saline  infusions  have  some  value  against  the  circu* 
latory  deprewion,  and  heat  against  the  collapse, 
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/.iffic  foinu  an  iiuoluble  compound  andtifBiil]'«Sectivc(Htuenu)uinndUiiuDclliim, 
i8;o).  Syiup  of  lime  m»y  b«  givrn  frrnly;  liroc-watcr  m  too  utak.  PermaatMMtt 
destroys  phctml,  but  It  has  not  htm  u^ciTlaincd  wbethcr  Ibc  ordinary  (loKs  trr  eSciait. 
Tincture  of  iodin  was  suggcslc)  hy  Mabcrly,  190Q.  Scoville,  191  j,  cloitnt  that  charcoal 
is  aseful.  Alcohol  wsib  lurmiTly  conBideriHl  a  (licniic  antidote,  supposedly  «fltctire 
even  when  left  in  the  stomach.  Both  the  clinical  and  the  experimental  evidence  di»- 
provc  this  view  (Clarke  and  Brown,  1506}.  Ita  tolvcnl  action  is  u*rl«M  If  It  is  Irit  in 
the  stomach  to  be  absorbed.  Maclil,  iqij,  OHSFrts  that  alcobol  ^vcn  afterpbcaal 
increases  its  toxicity;  but  that  it  is  protective  when  taken  before  the  phenol. 

SuIphaUs  have  been  given  witn  the  object  ot  formLng  the  nOB-toiJC  phCDOteul- 
phonatcs.  Thi^  combination  docs  not  occur  tn  the  alimentary  cuiol,  and  tbe  nilpbatcs 
aic  vi.T>'  slowly  absorbed,  so  that  th«  oral  ad  mini  st  ration  \t  useless  except  in  cbtonk 
poisoning.  The  combination  is  so  slow,  that  it  in  practically  not  avatUble  in  acute 
poi»>nln|{,  even  it  the  sulphate  is  injected  inlravcnoualy  [Brown  and  SollmwOD,  1906). 

The  an  tidote-fai  lades  are  reviewed  by  Wilbcrl,  1916. 


PREPARATIONS— PUENCa. 

•Phtnol.  U.S.P.;  Acidum  Corbotknm  (Acid,  Caibol.).  B.P.,  CtHtOH.— SluMild  oott- 
tain  not  less  than  96  per  cent,  of  hydroiybtiucne,  CtHt-OH,  abtainl^d  dther  IroBi  CuaV- 
tar  by  fractional  distillation  and  subsequent  purification,  or  preparvd  syntketkally. 
Occurs  as  needle-shaped  crystals,  colorless  but  acquirinK  s  reddish  lin^  by  oxidaliaa 
of  traces  of  the  phenol  to  qutnon  and  other  derivatives  (Gibbs,  iqoq).  Cfaotacterittic 
odor  and  sweetish  caustic  imic.  Mclt^  about  38°C.:  sol.  In  water  h'^ijj  misdblc  ia 
all  proportions  with  alcohol,  glycerin  and  falsi  dissolved  by  alkalies.  The  solubility 
in  water  diminishes  with  the  tempciature,  and  can  be  increased  by  the  addition  of 
alcohol  or  glycerin.  Phenol  is  sometimes  very  faintly  acid  lo  litmus,  but  this  is  due 
to  impurities  (E.  Schmidt.  19:1).  It  is  not  a  true  acid,  either  chemically  or  pbnio- 
logically.  It  is  incomfialibU  with  iron  and  collodion.  Dosr,  0.06  Gm.,  1  %i^  Ir.SJ'.; 
o.oti  to  0.3  Cm,,  1  10  3  gr,.  i),l*.;  diluted.     Atatimum  ilosf.  0,1  Urn.,  j  gr. 

•/'*<no/I.iswc/j((i(oi(rhenol.Ucj.).ll.S.I'.;.I(jJ.  ta'iio/.  tiff,,  B.P.— This  fa  obtwaed 
by  liquefying  phenol  with  10  pet  cent.  U.S. P.,  15  prt  cent.  B.P.,  of  water.  It  is  more 
convenient  for  disj>ensing.  n'ben  it  is  diluted  with  an  equal  volume  of  glycerin,  Ibt 
mixture  is  miscibte  with  water.  Dost,  0.05  c.c,  i  minim,  U.S.P.;  0.06  ta  o>,iS  tx., 
■  to  3  minims,  B.P,;  diluted. 

Glycct.  I'henol.,  VS.V.-.Glycrr.  A(ii.  Carhel.,  B.P. — 10  per  cent-  Csrful  fo»  malting 
strong  solutions.     Dose,  0.1  c.c,  5  minims,  U.S. P. 

Supp.  Aci4.  Carbot.,  H.P.— 0.05  Cm.,  \i  gr. 

'UHguentum  Phrneilis  (Ung.  Phenol),  U.S.P.— jj-i  per  cent-,  in  waa  and  laid- 

*Ung.  Acid.  Carbal.,  B.P. — 3  per  cent,  in  While  Paraffin  ointment. 

Carboliird  oil  is  usually  made  of  s  per  cent,  strength. 

Tro-rh.  Add  Carhol,,  B.P.— «.03  Cm..  !-i  gr. 

Liq.  Sod.  Ber.  Comp.,  N.F.  (Dobdl's  Solulionj.^This  is  often  used  on  nnoou 
membranes  (nose.  etc.).  It  contains  0.3  I>er  cent,  phenol,  1.5  per  cent,  racbof  todlUB 
bicarbonate  and  borate,  with  glycerin  and  water. 

PHENOL-CAMPHOR 

When  camphor  and  phenol  are  rubbed  together  they  liauefy.  HfaMni  tf  ttk 
kind  (phenol  30,  camphor  <io,  alcohol  10)  have  been  employed  on  supfMinlhli  wMadi 
and  absccues,  with  the  claim  that  the  caustic  action  b  diminished  and  the  aBtbeptk 
efficiency  increased.  The  Inttcr  is  doubtful;  but  the  decrease  of  irritation  agre««  «kli 
the  cCIects  of  all  go<Hl  phenol  solvents.  Chlumsky,  190;  and  1913,  rvcomiiiUMU  pb«aoU 
camphor  in  superiiciiil  inHammatory  conditions,  cipeciallj-  eiyapclos;  p^intiiM  k  Ml 
and  around  tbe  aScctcd  area.  There  is  no  chcnuc  combination  (Yvdo,  1876;  Lcmberger. 
1906). 


PHEWOLSDLPHONATES  OR  SULPHOCARBOLATKS 

These  are  less  tonic  and  irritant,  but  also  mtKh  le^  antiseptk  than 
phenol.    They  have  little  value 


Scdii  Phtnotiulphonas  (Sod.  Phcnolsulph.),  U.S.P.;  Sodtuin  Phenol sulphonatt 
{Sulpbocubolmc),  C4Hi{OHjSO,Na  +  jH,0.  Colorless.  IranipareJit  pritmE  or  cTy*- 
tallinc  graoulcs,  odurle$&,  cooling,  saline,  blticr  tnsic.  Sol.  in  water  (i  :  4.1).  Datt, 
O.is  Cm.,  4  K^''  l^'S'I*-!  u  intMlinaJ  untiseplii.',  but  iocilicknl, 

(Zi'jM  FhenoliHlph.—Stt  Index.) 

CHESOLS 

•  The  inLroduction  of  alkyl  groups  into  phenol  greatly  increases  the 
germicidal  efficiency.  The  most  important  of  these  derivatives  are  the 
CTCsoU,  C*HiOHCH.i,  obtained  from  "crude  carbolic  acid."  Attention 
was  directed  to  their  valuable  properties  "by  Fraenkel,  1S89.  The  three 
isomers,  orlho-,  para-,  and  melacresol,  differ  somewhat  quanti  la  lively, 
the  meta  being  the  most  antiseptic  and  least  toxic,  and  para  being  the 
most  toxic;  but  they  are  all  conlamed  in  \'ariable  proportions  in  the  com- 
mercial products  usually  employed. 

The  germicidal  power  averages  three  or  more  limes  that  of  phenol; 
preparations  containing  higher  homologuts  (N.N.R.)  may  be  15  times 
as  active  as  phenol. 

The  toxicity  of  the  cresols  averages  somewhat  less  than  phenol  (Tollens, 
1905;  Hale,  1913;  toxicity  and  fale,  Joncscu  and  Uukarest,  1906),  bat 
they  produce  identical  cfTects  and  lesions  {Wandel,  ii;o6;  Hale,  1913). 
They  are  excreted  for  the  most  piirl  "combined,"  but  otherwise  unchanged. 
The  treatment  would  be  similar.  In  practice,  they  are  less  toxic  than  phe- 
nol, because  they  are  used  morediluted;but  Ihcyare  far  from  being  "non- 
poisonous."  Another  advantage  over  phenol  is  their  lower  cost.  Their 
disadvaiUagei  are  the  disagreeable  odor,  which  depends  mainly  on  im- 
purities; their  limited  solubility  in  water;  and  their  variable  composition 
and  acti\ity.  Organic  matter  slows  their  action  rather  more  than  with 
phenol.  Acid  and  hard  and  salty  water  hinder  them  by  precipitating 
the  soap  with  which  they  are  usually  combined  (Hamilton,  1914). 

Solutions  and  Application. — The  cresols  may  be  rendered  soluble  by 
the  addition  of  sftap,  as  in  the  official  Compound  Cresol  Solution;  and 
in  several  oilier  ways.  The  soap- mixtures  partake  of  [he  sUpperj-  nature 
of  .^oap  and  are  therefore  less  useful  in  operating;  but  they  are  well  adapted 
to  cleansing  the  hands  (brushing  for  two  or  three  minutes  with  ]/i  \o  1 
per  cent,  solution)  and  for  other  purposes.  A  dusting  powder  containing 
3  per  cent,  of  tricresol  is  Iwing  recommended  for  pediculosis  {Herxheimer 
and  Nathan,  lO'S)- 

SemmPreservativea. — Tricresol,  OlJj  percent.,  Is  often  added  to  secure  the  pteser- 
vation  oi  £«rum!^  This  is  harrolns  with  tlie  usual  hypixlermic  injections,  mure  serious 
In  spinal  injections,  as  with  ami  meningitis  f>cruni.  Vocgtiin.  1914,  believer  ihtit  it 
phyi  a  part  in  ihr  serious  cvUapse  wMcli  is  sotncItmr»  m-cu,  altnougli  wilh  tliia  cnnrcn* 
tnllon  the  eilcct  is  only  Icmpomry.  With  higher  concern  rntions.  the  colluiisi.-  is 
•efiout.  Phenol  acts  similarly.  Chloroform,  c\'en  in  saturated  solution,  is  harmless. 
Aucf,  1414,  however,  finds  monke>-j  much  more  resistant  lo  crt^iul  than  the  dogs  used  by 
Voq^llin.  He  considers  the  ordinary  concentration  quite  harmless,  Rnd  that  ulhei 
■llt)i«ptin  h.ive  no  arlvanlage. 

Arleflal  Changes. — Paracresol,  in  common  with  many  other  substances,  is  said  to 
proilu':e  mhcromatous  lesions  in  rabbits  (Denny  and  Frothinghnm,  1914). 

Phenol  Coefficient — The  variability  is  best  discounted  by  the  deter- 
mination of  the  "phenol  coefficient,"  i.e„  the  ratio  of  the  germicidal 
power  of  the  disinfectant  to  the  germicidal  power  of  phenol,  both  being 
tested  under  identical  conditions.  A  disinfectant  three  times  as  active 
u  phenol  would  have  the  coefficient  3,  etc. 


ItANUAL  OF  PHAXUACOLOCY 

The  plienol-foefficieni  is  valuable  only  for  the  disinfectants  niac 
to  phenol;  not  for  mctaU,  iodin,  chlorin,  etc. 

Mo8l  (li^eciuiiit  are  now  aoUl  with  the  suteramt  at  tbdr  eoei&daiu  oMtf^-Up' 
dMermiiied  either  bv  the  "Ridenl-Wttlker"  (1004)  of  preferably  by  the  "tlfpevu^ 
LabwAtory"  taethocf  (Aadenoa  knd  McCliiillc,  ilyii.  Lib.  BuL,  ;3, 1411)  iriihofigj^ 
out  the  pretence  ol  organic  matter  (1  per  cent.  n«pto«ie  Miid  t  per  cent,  gelatin).  »"»*2 
tlcgree  at  dilution  for  disinfection  i$  obtained  timply  by  multfplyliiB  by  s«  (h*  f^*]^^^ 
coeffident  (with  or  without  orsonic  matter,  accoidios  tu  Uie  nuiterwrtubedinnfecien'' 
/./.,  a  dlilnlcctanl  having  the  coclSdeot  3  would  be  diluted  3  X  so  ~  ijo  timet. 

PREPARATIONS — CRBSOLS 

•CrwDl,  U.S.P..  B.P.;  Cr«oI  (Trictcwl,  Cr«ylic  Acid),  C.H.CH.Ott— A  •ni«t«>f* 
of  the  thrc«iu>nir-riccre*oUobtatii(d  from  coal-tar,  and  freed  from  pbcaol.  hvdrocart***^ 
and  water.  Si  raw-colored  refractive  li<(ui(l,  of  phenol-like  odor,  djufcenin;  OB  "V'*'^^ 
to  air.  Sol.  in  water  (i :  jo),  usually  forming  a  cloudy  oolution;  mi»dble  in  all  pc^P**^ 
tion*  with  alcohol,  ether  or  slycerlii.  and  lilMolviiii:  in  alkalies.  DMt,  Oi.05  cc-* 
niidiB,  U.S  P.;  a.o6  to  o.t8  c.c,  1  to  3  minimii,  B.I'.;  diluted. 

For  total  uje,  the  following  concent nitionii  are  employed:  ., 

/n  tttrtf^t  tI  to  I  per  cent.;  jtantUs  or  cvstitls,  )£  per  cent.;  cuipldora  (tub*'^~l 
bacilli)  or  »iool4,  i  to  lyi  per  crni.;  lor  sponging  rooms  or  joqUting  doUiei,  H  to  c  **^ 
cent.    To  nuke  a  (percent,  nolution,  add  a  tcaspoonfuU  to  a  quart  of  water. 

CrcHol  is  gene-Talrjr  used  b  the  fnrm  of; 

'Liqfor  Crrialis  C^mpotiiHS,  U.S.I'.— jo  per  tent,  of  creiol,  brought  into  tfaar 
tion  by  a  pota»h. linseed  loap.    It  hai  a  phenol  coefficient  of  about  3,  and  !«  in  r 
Ktpect  equal  to  mott  of  the  praprlctaiy  aolutloas,  with  Ihc  advaniasc  Ibai  It  it       " 
advcrtisea  under  exaggerated  and  dangoroui  claims,  Mich  aa  bang  "  nam-potMBou^^' 

'Uf.  Crttol.  Saf.l/a.V. — 50  per  cent,  in  caalor  oil  —  potaah  Map. 

Proprietary  preparations  may  be  found  la  N'.N.R. 

HMKr*^a«ctat«  ii  very  liitlc  loluble  in  water,  and  tbcrefore  ten  toxic  (tlrecmr 
1911).    It  it  being  tried  ns  a  m'M  .intieeptk  for  mucous  merabranca. 

CeoBmardal  Cr«aol  Ptsparationa. — Tbetc  contain  uiually  15  to  50  per  cent..' 
creiot.    They  may  be  grouped  according  to  the  diMolving  went: 

/.  JimuhUint:  turUiJ,  brownlah  llqwds,  yldding  tuiMd  futpciuioiM  with  wa 
Prtparfd  villi: 

I.  Kciin-»oap:  CrtoUm-Ptarua;  Jtal;  Craatin. 

3.  Petroleum  Oils  (the  mixture  lowering  the  epodfic  graTby  to  that  of  mi 
SapT^. 

}.  Coat-tar  Product*  fCaiboUc  Add,  Naphthalin,  Pyridin). 
/.  Soluiiimf:  brownish  liquliii,  ytdding  dear  Mlutioos  with  MffldMt  water: 
PrtpiirfJ  vilk: 

I,  Putaih  Soapi  and  Alcohd:  lytct,  I.yfUol;  Lyuttltnt:  S*fvkr*stl,  Pi 
(Hard  water  will  prodpilalc  the  soap,  and  cause  a  tutbld  Mlutluti.J 

a.  CreoMtinaie  of  Sodium:  Si'Jtetl,  Svlitel  (Salicylate  of  audium  may  alio  be 
Kreiooxyacetate  of  lodium:  Kttiin. 

J.  Sulfo-adds  (Mailc  by  heating  cruite  carbolic  with  equal  parta  d  ranccai 
UiSOi) :  SaMlol:Oralia-Artma»i»  (suUi>.addaof  nsis  and  mineral  oils  may  be 
4-  Ethvlcn-diamin:  Kr/iamim. 

Phenoioid  Disinfacianta.— CtcmI  mixturta  containing  ibe  blgbcr  hoomlag* 
dcxcibcd  in  N.N'.K. 

POLYATOMIC  PHENOLS 

Thelnlrodactkinof  further  Oil  group*  tend*  to  raite  the  antkeptic.biit  abo  lb*  I 
tani  and  toxic  clleclt;  however,  the  modiUcationa  depend  largely  on  the  podtiM  ol  l- 
graupa:Of  the  throe  iMmeis  with  two  Oil  groups,  Adidrcin,  1:3,  b  perhap»*iiui>«lr 
RMce  antiseptic  than  pfacnol,  and  rather  1cm  toxkaiKl  iniuat.    Hy4n^iilmr»,  1:4. 
nMretoxlc;aadJ*ynMulni>H,  1:1,  ismuch  mottM.    They  act  as  redwdag  acoatt.  1' 
dally  in  oikalinc  mlutions.     Pyrocatcchin  b  not  lued  in  medicine.     Ilv  ' 
not  uted  directly,  but  li  formed  from  arbuUn,  coataiaed  in  Uva  unL    Py    . 
taining  three  Oil  groups,  ii  highly  toxic;  whJUt  ila  iMtner,  ^Unrog/iicia,  U] 
inactive. 


BESORCINOL 

Resorcin  coagulates  albumin.  Strong  solutions  soften  and  slowly 
cauterize  the  skin;  weak  solutions  are  merely  antiseptic.  It  is  employe*) 
in  various  skin  diseases.  Internaily,  it  is  used  to  check  giislric  fermenta- 
tion, and  in  diarrhea.  After  absorption,  it  produces  the  same  effecu  aft 
fienol,  but  with  more  prominent  convulsions,  occurring  even  in  man; 
Gm.  have  caused  severe  poisoning  but  with  recovery  (Murrel,  1881), 
SmaSer  doses  are  antipyretic,  but  the  action  is  too  short  to  be  useful. 
They  produce  '"toxic"  effects  resembling  those  of  salicylates.  The  fate 
and  excretion  are  similar  to  phenol. 

ntEPARATIONS — KESORCIN 

•SciflUUjof  (Resorcin),  U.S.P.;  Rcsordnutn,  B.l*.;  (meta-ilUiydroxy.bcnMnc), 
CtlI.(OH)i.^t'olorlcis  needle-shaped  crystals,  of  peculiar  (ainl  odcir,  and  swMlish, 
thifn  tiiUct  IflAtc  .^ccjuircs  [linkish  lint  on  exposure  to  light  and  *ir.  Very  mi\.  in 
w»tM  (1:0,0)  or  ale.  (1:0.9),  'te^ly  *ol-  'n  Klyc.  or  olh.  Doie,  0.1 3s  (im,,  i  jtr,,  U.S.H.; 
0.06  to  o.j  r>m.,  I  to  5  gr.,  8.P.  Maiimutn  dose,  i  {}in.,  1^  gr.  On  (he  skin,  $  to  50 
per  otat.  obitmcDt,  or  10  to  10  per  ct-nt.  solution  in  j{1yccrin.  For  urclhrnl  or  vctical 
iRfgatiom,  ^j  to  1  per  ctat.    In  alupcda,  1  to  1  per  cent,  (but  discolors  liair). 

UVA  URSI 

Tbit  plant  hu  been  usfd  [or  ils  diuretic  and  antiseptic  effect*  in  vc«iail  caturh.  It 
CMktsiiw  arbulin,  lannin  nnd  other  lunMituciits. 

A^ulin  b  a  crystalline  Klucosid,  yielding  glucose  and  hydroquinon  on  decomposition. 
It  b  deoompoKd  completely  in  the  body  (Lewin,  iKHj;  Ori»on,  i^SS);  with  large  doK* 
the  hydro([ulnuu  appcurs  in  the  urine  (Bass,  191 1)  and  is  supposed  (o  be  the  active 
KgCQt.  Lewin  and  others  found  it  beneficial  In  cy&titii,  etc.;  Paicbkis  and  Fcibcs,  1S&4, 
doubted  its  cUidcucy;  Bass  found  no  action  on  Lualthy  tuen,  even  with  lo  Gm.  Tb« 
usud  dose  is  i  Gm.,  three  to  sx  times  dolly. 

PREPARATIONS tlVA  tJRSI 

Um  Vrsi.  U.S.P.;  Uc.  Urt.  Fol.,  B.P.  (Bearberry).— The  dried  leaves  of  Atctost*- 
pliylas  Uva-uru.     Doit,  i  Gm.,  jo  gt.,  U.S.P. 

PUtxt.  Vra  Vrsi,  U.S.P.    Zfcic,  3  ex.,  30  minims,  U.S.P. 

tn}.  Us.  I/n.,  B.P. — 3  per  cent.    Dose,  t$  to  jocc,  ^  to  t  ounce,  B.P. 

PYROQAJXOL 

Tbc  powerful  reducing  action  overshadows  the  phenol  effects.  Locally,  It  Is  a  mild 
caustic  for  wounds  and  mucous  membranes;  itproduccs  but  slight  irritation  of  the  intact 
■kin,  passim;  into  crytbcmoi  on  continued  use.  Absorbed  into  the  blood  it  forms  raethe- 
mOKinbin,  ili«rii[)H  the  cirjiuscles  and  leads  to  inti-u»c  acute  nephritis.  Concentrated 
•olulions  actint!  on  blood  in  vitn  (not  in  the  body)  produce  n  pecuUsr  insoluble  sub- 
Unnce,  bcmogallol.  Fal.-il  poisoning  ntS)^  ocrut  even  when  tbc  dnig  U  applied  to  the 
intact  tkin,  and  may  set  in  suddenly  uflcr  it  h»ibecn  used  lor  some  time  without  cITccts. 
The  jytB^lMiw  consist  in  diarrhea,  and  vomiline,  chills,  prostration,  feeble  pulse;  nqjh- 
ritj*  irith  scant  dark  urine  containing  blood  or  heniOKlobia  derivatives  (NriAser,  tHsi); 
tcnie1ime«lctenis  and  glycosuria.  Tlie  rapid  cases  show  cyanosis,  dyspnea,  convuluoos 
and  collapoe.     The  iriMmenl  would  he  symptomatic 

Uses. — The  danger  of  poisoning  and  Ihc  black  Jtalnbg  limit  its  employment.^  Ilia 
Utod  similsrty  to  chrysarobiri  in  psoriasis,  lupus,  ringworm  ajul  other  parasitic  skin  dis>- 
eases;  and  in  hair  dyes. 

PKEPARATION.'i — ^PYRORALLOL 

PymtMot  (PyronalL),  U.S.P.;  (Pyrogallic  Acid;  Tri-hydroiy-benxene), C.H.(OH)i. 
—Freely  soL  in  water  (::  1.7),  olc.  (t:  1.3),  ot  clh.     Solutions  turn  brown,  especially  in 
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MANOAl.  or  PHABlIACOtOGV 


th«  ligbl;  veiy  npidly  if  tlkaUne.    U»ul  externally  (but  dangerous)  u  i  to  lopert 
oiniinf  nt  in  rIcId  dtMSMt;  And  tu  i  lo  j  pet  cent.  Milutloo  to  (Icodorice  otta%  and  iSt-] 
charging  woiuidt. 


PICRIC  ACID 

The  sattinted  aqueoun  solution  Is  \i»ed  as  a  dressing  for  burns  and ' 
superficial  wounds,  weeping  eczemas,  etc.;  exerting  anesthetic,  antiseptic, 
astringent  and  protective  actions,  and  alimulatiiiK  the  reproduction  of 
epilhelium,  in  contrast  to  most  other  antiseptics  (Ehrenfried,  191 1). 
Stronger  alcoholic  solutions  are  irritant,  and  being  absorbed,  become 
toxic.  By  mouth,  i  to  2  Gm.  produce  severe  poisoning,  generally  with 
recovery  under  treatment  (Lewin).  It  stains  the  skin,  con)uncti\-a  and , 
tissues  yellow,  even  on  sx'stemic  adminislralion,  simulating  icterus. 
This  may  pcrast  for  two  weeks  a(tcr  taking  i  Gm.  The  urine  ts  colored 
a  peculiar  red  (Walko,  1901). 

Picric  add  i»  tcinilrophcnot,  C«Hi'(N'Oi))'OH.  Its  toxic  cBeclS  vere  ifivesli- 
gatcd  an  dogK  by  Rappaml  Tocbr,  iR«t.  Btoconnct,  iitjo,introdundit  K«init  iotcr- 
inlllcni  fever;  it  was  alno  iiaoi]  as  anlhclinlnlEc;  but  its  Inl«ma1  atliniftiatntWD  wa.s  t-ooa 
considi^rFd  [00  dungcrou^.  It  was  employed  in  surgery  by  Chiron,  iSfti.  Toiic  <ScMCS 
destroy  the  red  coivuscles  and  produce  go-itrocnlcritia  nnil  hcmonliujc  nephritis.  The 
toxic  elTecIs  on  rtibbils  and  t]ogt  arc  described  by  Koizumi,  1914.  It  tf  tttrtttd  dikfl^ 
in  the  urine  as  picramic  acid  produced  by  reduction  in  the  liver.  A  p«rt  ol  the  piaic  , 
acid  may  be  excreted  unchanged.  Handling  the  substance,  in  the  uu,  n&y  nrodocc 
Mzrma.  A  measlc  rash  aUo  occurs  sometimes  in  potsoitiDK.  The  Oatataaa  bdiet  of 
iti  use  in  beer  seems  to  be  unfounded  (Gadamer). 

Application. — Picric  acid  issoluble  to  loorrccnl.  in  nlrohnl.loioprf  crtit.in  rthcf, 
to  I.I  per  cent,  in  wHter.  In  buni»,  etc.,  jt  is  used  as  a  saluralc<l  aqueous  solution, 
whose  antiseptic  efllcicncy  is  about  f«veii  times  thHlof  1  per  cent.  phen<d.  (E^ricadd  , 
has  a  phcti'.'l  cocdjcictil  =  6;  so  that  o.ii'is  per  cent,  picric  acid  would  eqyiti  1  per  ccaL 
phenol;  Tidy.  1915.)  Stronger  alcoholic  solutions  siiuuld  not  be  UMd.  An  oinlnellt 
would  beillooical.  The  watery  solution  is  «tid  lobe  free  from  danger,  but  ibould  not  hi] 
applied  over  Targe  furfaces.  It  i»  |.irepared  by  dissolving  1 1^5  in  a  plat  oI  hot  water  asd 
Bltering  when  cold.  Cloths  saturated  with  this  solution  «re  applied,  covered  with  dry 
cotton,  and  left  in  place  for  several  days. 


PREPAKATIONS — nCBIC    ACID 

*TriTiUrophmM  (Trinitrophen.),  U.S.P.;  Atidvm  PkrititM  (Add.  Plcr.),  B.P.; 
Kcric  .Acid,  Ci!Ii(NO,)i(>n.^Vcllow  crystjjline  powder,  odorless,  ot  rery  faittei  taiU 
and  intense  atuning  power.  Sol.  in  water  (1:78)  or  ale.  (i:ta).  DMt.OJq  Gn.,  H  ff~, 
U.S.P. 


HmtOBEHZOL 

NitrobdMol,  C«Hi'NO,,  is  used  extensively  in  the  manufacture  ol  anilin.  It  bm 
been  tried  as  aborlifacient.  lis  oilor  reicmbieG  that  of  hydrocyanic  aod,  aad  it  has 
therefore  been  u»td  in  cheap  perfumery-  and  iciaps.  under  tlie  luiiM  ol  Artificial  Ofl  of  1 
Almonds  or  <MI  of  Mirbnne;  but  it  is  hi[;h1y  toxic;  i  Gni.  may  be  falaL  It  maybe 
absorbed  from  the  skin.  Tlic  effects  depend  oa  asphyxU  from  metbemogtobin  fORna* 
tion,  and  on  central  paralysis.     They  resemble  aniun  poi»oniiig. 

The  symptoms  usually  begin  only  after  some  hour!,  and  conwrt  in  i"'t«^  and  pro*- 
tnttlOD,  burning,  headache,  intense  cyanosis,  vomitinK  with  chancletbtic  odor,  convol- 
nons  and  coma,  ending  in  death  after  a  few  hour^i.  The  mortality  is  higli.  In  pro- 
tracted coses,  temporary  improvement  and  relapses  occur.  The  IrMtnKwl  ■t».»«i»^« 
evacuation  and  stimulants.     No  fat  should  be  given. 

Subacute  and  chronic  poisoning  shotvs  icterus  and  cyana*ia,  the  cSnical  pictuit 
leaembling  pernicious  anemia. 

The  reported  cases  of  nitru- benzol  pqisonicg  arc  reviewed  l>y  S.  S.  AJanw,  mu. 


CBlEOSOTE  AKD  CCArACOL 
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AnlGa,  CiHA'H,,  b  lued  extensvcl)-  in  the  arts  and  thcct^ore  l^vt*  ri»e  to  indiw- 
tH«J  poitoning,  u-ith  tnethcmoKlobln  (oimatlnn.  headache,  wcakncH.dyiipnca.  o'MmIb- 
cork^Uons,  and  paychic  di&lurbanc«.    lu  excretion  lias  been  studied  by  lUmbouMk, 

BibUomphy  and  history  of  induslt^itl  anilin  polnotilns,  Alice  HamillOD,  101  j;  Luce 
■nd  HaniitMi,  i^iii. 

CREOSOTE  AND  GVAUCOL 

Compositioa. — The  cmpyrcuroatic  producu  of  the  difitiUation  of  wood 
— tlw  smoke,  and  the  creosote  ;irw1  lar  which  may  be  coiidenied  from  it^ 
pcksstss  very  considerable  antisei>tic  power.  They  consist  indeed  of  a 
miscttirc  of  i-oat-tiir  dvrivalives.  The  most  important  of  these  products 
from  a  therapeutic  standpoint  is  creosote,  the  variety  which  is  obtained 
Crom  Ijcech-wood  (first  by  Rcichenbach,  1830)  being  particularly  valued. 
Its   principal  constituents  are 

/OCH, 


guaiacol,    C»H,< 


OCH, 


OH. 


and 


cresol,  CaHi — CHj,     Tin-     union     of 
.  \OH 

}hcs^  compounds  could  be  largely  deduced  from  their  composition,  whidi 
>*  similar  to  the  cicsols.  They  arc  more  strongly  anliseptic  and  antipy- 
retic, and  rather  less  irritant  and  toxic,  ihan  is  phenol.  Creoaol  should  be 
superior  iheoretically,  bill  practically  docs  not  differ  sufficiently  from 
guaiacol,  to  offset  its  higher  cost.  Guaiacol  constitutes  from  60  to  90  pet 
cent,  of  the  creosote,  and  shares  all  its  properties,  with  the  advantage  of 
constant  composition. 

Dses. — Creosote  and  guaiacol  are  employed  mainly  in  ttibereuiosis, 
"^ying    been   introduced   especially   by    Sommcrbrodt,    1887.     Clinical 
^fMnions  are  divided  as.  to  their  vfdue.    They  are  generally  believed  to 
jncrcase  the  »p|ie(ite,  nutrition  and  weight,  and  to  lessen  the  cough,  the 
•ever  and  the  night-sweals.    The  benenu  are  seen  only  in  early  cases,if 
*^e  use  is  longHTonlinued,  and  if  it  does  not  cause  gajitro-intestinal  dis- 
turbances.   This  explains  the  difficulty  of  arriving  at  a  fair  judgment. 
*  t  vrould  be  still  more  difficult  to  explain  the  effects.    The  tubercle  bacilli 
^rc  certainly  not  killed  in  their  foci;  it  is  even  doubtful  whether  their 
^^^*ih  is  rcsttaincd.    Possibly  the  benefits  may  be  referred  to  the  local 
^j^cct  on  the  olimentar}-  canal  and  on  the  bronchitis;  and  to  the  antip^- 
^"^•^c  action.     Guaiacol  is  considered  an  intestinal  antiseptic,  although  its 
■"^•-ion   i«   dilTicult    to   demorutrate   (Harri.^,    1913).    Creosote-water   is 
^^^'ixtimc*  given  to  check  gastric  Jfrmmtation. 


^_^^3ttrr  PMlimuary  Distaset. — Thew  (bronchili^.  iinrumonla)  are  also  hcncAtodt 
^?J**iiUy  by  iuhalallon,  wbcrc  the  local  actiieptic  and  t^timuliint  action  can  come  into 
f^r?V.  AbMtutely  none  is  encreted  by  the  lunra  (Rufnlini.  ivu).  When  Kuaiacol  is 
|^^*^<:;iedhypodertnicallv.  the  major  part  U  contained  in  the  bl'^id.  liver  and  irpWn;  mtich 
^^f*  in  the  lungs  and  kidnrys  (Halbauer,  igij).  It  is  Iheiefore  difiicult  to  conceive 
t^j,  **»  uitiwplk  a^'lion  in  the  lunsi.  However,  ll  hw  been  proven  that  ciwuote  inctensc* 
^L*  hecretionol  mucus  even  wbtn  lalceo  by  the  moutli.     In  ftnirUictJfttthm.it  bn^Irns 

*  «faaorptian  of  the  exudate  when  it  i*  nibbed  into  the  chest. 
^     A*  an  aaUprrvtlc  Euuiftcul  (10  to  jo  drom,  dlvolvcd  in  an  equal  volume  of  oil  or 
(jJj^Hol)  may  be  rubbed  into  the  clean  and  dry  akin  of  the  abdomen  for  ten  to  lifleen 
^^vita.  ihut  i\'oidintt  intestinal  irritation.     It  causes  considerable  disphoresb,  and 
^^*  Oo  advanta|;e  over  other  anilpyrelicf- 

^^e  local  amisUitttk  action  is  utilized  especially  In  dentistry. 

Administration. — In    tuberculosis,  creosote   or   guaiacol  \»   given  in 
^"«  largest  tluncA  which  can  be  tolerated  without  too  much  gastro-intestinal 
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irritation,  beginning  with  r  drop  and  Increasing  to  j  or  to  drops,  \n  <* 
temporaneouft  tapitutes  three  times  daily  aficr  meal«.  If  ibey  trt  ^ 
tolerated,  guaiacol  carbonate  should  be  substituted. 

PolBoalng  br  CreoMta. — Tkift  rcymbln  that  by  pbenol,  but  the  (flccU  are  ^ 
oonvulaivc.    The  lociil  nction*  arc  ftlw  similar.    The  side  actiiHU  of  tbenpmtic  ''5^ 
■re  dcialldl  by  Sidcri,  Nchmwirlc.,  1015,  p.  igfi.     Denih  ha«  oocomd  all«r  7    *r^ 
(SchuUc,  1894).    HvpodrrmitTiIly.  guaiBcul  jiKxlute*  dangnoaa  coOapae  aad  c^^""" 
dqjr««tion.    llic  €Xiitiio»,  as  viOx  phenol,  U  maioly  in  cixnMiMtkia  with  Klyci**^*** 
and  Milphuric  ncid  (Knnpp,  iQii).    Gu.iiacal  (but  not  its  carbonate)  cauMO,  in    ^-^ 
larje  doses,  ilic  appearnncc  of  an  undetermined ,  very  vlscoiu,  wb*1Aaoe  in  tM  a**^"" 
wluch  i»  lUpiHiscd  to  lie  capable  o(  ohstnicllng  the  urioifcroui  tabutct. 

Guaiacol  Carbonate. — The  uiidc»rable  local  cffecu  of  xualacol,      '^ 
taste  and  iht-  toxicity,  are  largely  reduced  by  converting  it  inlor»«-*f*' 
on  the  "salol-principlc,"  ix.,  by  replacing  the  H  of  the  OH  grou[>     ^^ 
acyl  groups.     Thew;  eMers  are  insoluble  and  inactive;  but  in  the  inte****? 
they  are  decomposed  (saponified),  into  their  constituents,  and  the  OC'^l  **_ 
tlius  regenerated.     In  this  way  the  astiseplic  is  liberated  but  sk>^»''*J'' 
its  action  extends  over  the  entire  inleslinc;  but  the  amount  which  car» 
liberated  at  any  time  is  too  small  to  be  cither  irritant  or  toxic    The  c*"^^ 
sole  ester*  are  decomposad  even  more  slowly  than  »alol,  perhaps  <^  **" 
through  putrefactive  unctcria.     An  excess  will  ]Mi9s  the  intcstme  u; 
sorbed.     As  much  as  d  Cm.  of  Guaiacol  carbonate  has  been  given, 
phthisical  patients,  as  much  .as  75  Cm.  (iH  ounce»l)  to  dogs,  w-ith^^^''^ 
producing  toxic  symptoms.    With  these  large  doses,  a  great  deal  of  ^  *** 
substance  is  pas.Hed  in  the  feces,  without  liaving  undergone  decompositi^ 

Other  Guaiacol  Compounds. — Since  the  liberated  CKOtote  or  fuaiacol  it  the  occ-  -*    f, 
portion  o(  tline  compounds,  the  add  with  which  they  arc  oonbiiied  b  abootoc   ^_  '. 
■nunatcrial.    The  carbonic  odd  eitenare  the  cheapest  and  contain  ibelai]se*tpeKe^  ^lIIi 
age  ol  active  principles,  and  tlierefore  deMTve  the  preference  which  h**  beta  anfum;^^    ,  -* 
accorded  to  them,    ^milar  compouuds  haw  bi'cn  prepared  (itxn  all  oilier  pbiBd^^^ 
from  thymol,  menthol,  etc 

As  t  here  arc  no  good  reasons  for  the  use  oj  these  other  KUniacol  compounds,  they  I 
only  be  meotioned.    They  are  more  (ulty  <lescTibed  In  N'.N.R. 

Comptuiids  formed  by  rrpiacint  Iht  Oil  by  ncyl  gntuft  (analofous  to  the  cafbocuC- 
Befuoata  (Beniosol};  Cinnamatc  (StyracKil)iSAlicylalc(CuaiaiCol-c«lol);McihytEl)o 
tate  (Monotal). 

RtplitertHrKlff  lluOH  hy  alkyt poup:  Thcme1hyldertvattv^Vcrntrol,i(pr 
Inactive  because  the  OH  U  not  reRenerale-l.    The  Rlyccrln  derivativ*.  Goalmv. 
soluble  nod  active,  but  has  a  bitter  ta^le.    Uuaiasanol  is  th«  cUorM  of  dlcthy 
gualicciL 

Thiocol  i»  tx>tn>>*l"'^  ituuiiMoUulpboiialc,  anolocous  1«  sodium  phcBolwtlphiW   

Like  the  tatter,  il  has  ver>'  little  effect.' 


to 
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PKIirARATtONS — CBBOSOTE 

*Cri«ieluoi  (Creosot.),  U.S.P..  B.P.— A  mixlute  of  [>heBob  and  plmol  ArnvAr 
chiefly  guaiocnl  and  crmI,  obtained  during  the  distilUlion  oJ  wwMt-iar,  prdmbly  l^~ 
derivnd  from  becrh.    ;Umosl  colotteat  or  ycllowUb.  highly  rrfradJvc,  oily  Uqwd,  nav 
a  penL'tratinic.  smoky  odor;  burning,  caustic  la»te.     Slijchtly  mL  la  walar.    lU»d 
with  ak.  nnd  tUcd  volatile  oils.    Dote.o.i^  ex.,  4  inininu,  U.S.P.;  a. 06  too.jcc- 
to  J  minims,  It. P.     MuximuM  ieit,  a.  5  c.c,  8  mblms. 

Aq.  Crtioi..  i;.S.f .— A  saiuraicd  watery  solution,  recently  prepared,  coMaiiilagli 
tlun  I  per  <enl.    Dot*,  10  ex.,  3^  drams,  U.S.P. 

Umt-  CrrMol.,  B.P.~io  per  cent. 

Crteieli  Caihonat  <Cre<»ol.  Catb.),  U.S.P.— A  mixture  o(  the  oubotialts  of  ■•—  -^_ 
caoMitucnts  of  crootoic.  diledy  guaiacol  and  crcowl.    A  dear,  coIoHms  or  ytUowik-^^ 
visdd  liquid,  odorless  and  tasteless,  or  bavlngaUighi  odntand  tasleofcreotr.    In 
in  waicT,  freely  foL  in  ale  or  fixed  oils.    Doir,  i  (im.,  15  gr,,  U.S.P. 
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•CmIocoI.  C.S.P..  B.P..  CH.fOHKOCH.).— Nearly  eolorlwa  rritioive  Uquid, 
cryninUuic  at  low  temperatures.  Odor  nrom.itic;  shiirp  taste,  Sol.  in  wsler  (i:sj); 
fr«Iy  miKcihlc  wiih  gly<-,alc.  or  oils.  Dose,  o.jc.c,,  8  minims,  V.S.P.;  0.06  to  0.3  C-c; 
I  to  s  minimit.  It. P.     Mutimum  dost.  0.5  cc,  8  miriimii. 

*Caaiacolh  Carboimi  (Gunko!  Cash.), U.S.I'.,  B.P.;  (Ihiotol), (C.H,{OCH,)0)^0i. 
— White  cryslnlline  |H>vidcf,  almosi  without  mior  ftr  IasIc.  PrBctic:illy  iniol.  in  water, 
mI.  in  ale.  (1:60),  Dose,  t  Cm..  15  gr.,  U.ii.P.;  0.3  to  i  Gm.,  5  to  15  gr.,  B.P.;  in 
powder  or  capiules-    Maximum  dost,  i  Gn^  1;  gi. 

Tin 

This  is  a  complex  product  oblained  by  the  destructive  distillalion  of 
pine  woods,  especially  Pinus  paluairis.  It  contains  phenols  and  other 
aromatic  derivatives,  resin  acids,  acetic  add,  etc.  Tar  is  strongly  irritant 
to  the  skin;  it  is  used  in  scabies  and  other  piirasiiic  skin  dis&ises,  chronic 
dry  eczeina,  itching,  etc;  but  has  now  Iwen  displaced  largely  by  the  less 
disagreeable  naphlhol  and  resorcin.  Internall\',  it  has  been  employed  in 
chronic  bronchitis  and  cystitis,  acting  similarly  to  turpentine  and  copaiba. 
The  official  sv-rup  is  little  more  than  a  flavoring  vehicle.  Toxic  doses  of 
tai  produce  effects  similar  to  phenol:  vomill  ng,  colic,  diarrhea  and  collapse. 

Oil  of  T>r. — When  tar  b  aubiectcd  to  rcdistilUiion,  it  can  be  separated  into  a  fixed 
portion — ^plleh — crtnMtling  mninly  ot  rosin;  and  a  volatile  portion  which  separates  into 
Oil  of  Tar  {Oleum  PiHs  Liqvidtt,  U.S.P.}  and  pyioliRncoiu  (crude  acetic)  aad.  The  oil 
of  tor  consists  o(  various  coal-tar  derivatives,  mninly  Crcsnls,  Gunlacol,  Phcool,  X]rlol, 
Toluol,  and  Pyrocaiecliiii.     It  also  contains  nicth>'t  alcohol  and  aci^lune. 


PKKPAKATIONS— TAR  , 

•PJx  LlifiMA  fPix.  Liq.),  U.S.P.,  B.P.;  Finn  Tar.— A  viscid  black ish-hroim  »ub- 
Mance,  obtained  by  the  dntnictivF  distillation  of  Pide  wood.  Enipyieu malic  odor  and 
(harp  taste.  Misclblc  with  ale.  and  fixed  or  volatile  oik,  only  partly  wl.  in  water. 
Ow,  O.S  Gm.,  8  gr.,  U.S.P. 

a.  Pic.  Uq.,  V.S.P.;  Oil  of  Tar.— a  volatile  oil  distilled  from  Tar.  An  almost  cotor- 
l<M  liquid  when  fresUjr  distilled,  but  lOon  acquirn  a  dark  reddish-brown  color,  and  has 
a  stronic,  tarry  odor  and  taste.    Dau.  o.  1  c.c,  3  m-inimt,  U.S.P. 

■  Syr.  Pit.  Liq.,V.%^. — 0.5  percent.     Dan,  4C,c.,  1  dttm,  U.S.P.     Uned  a«  flavor  for 
h  coush  miituicx. 

'         *Uni,Htntttm  Pick  Liqulda)  (Ung.  Pic.  Liq.),  IT.S.P.,  fl.P.;  Tar  Ointment,— jo  per 

■  «BI.UJi.P.;  7opercent.,  B.P. 

OUum  Cidinum  (Ol.  Cadin.).  U.S.P.,  B.P.;  Oil  ot  Cade  (Oil  of  Juniper  Tar;  01. 

■  Junip.  F.mpyreiiraalicum). — An  cmpyrrumatlc  oil  obtained  by  the  dry  diitiUation  of  the 
wood  of  Juni[wrUi  Oxyecdrus.  A  dark  brown,  clear,  thick  liquid,  having  a  tarrv, 
cmpyrcumatic  odor  and  a  warm,  faintly  aromatic,  and  bitter  taste.  Used  tttern&lly 
like  lor,  having  a  less  unpli-asnnl  odor. 

Pix  Cationis  l'r<ep'iral<i  ll'i"  Caibon.  Prjrp.),  B.P. — Prepared  Coal-tar. — Commer- 
cial Coat-tai  \i  heatvd  fur  nn  hour  at  .<;o''C.  to  c:ipcl  ammonia.  It  is  employed  M  anti- 
septic and  aniipturitic  in  ihc  form  of  /.j^.  Pidi  Carb. 

Lit)-  Pit.  Ciithnn.,  H.P. — 10  per  cent,  in  alcoholic  solution  olQuillajn. 

Tar  Bci«m«  and  Cancer.^Wurkers  with  coal- tar  often  develop  ecxe ma,  which  may 

■  tcrmiuatc  in  epithflioma.  "Gas-works  tor''  U  especially  liable  to  produce  these  affec- 
tion*. The  oonnliliieiilt  r«poinib!e  for  its  "aiurlic"  action  have  not  been  tdcntifiDd; 
but  the  anihracvn  fraction  is  the  most  active  (Norris,  1914).  It  stimulates  cell  diviuon 
also  in  ciV'i'  (Ko-ii.  Cropper  and  Rosj,  lou)- 

ParafflD  Dermatitis  and  Cancer.— Workers  in  emiip  paraffin  arc  al»o  very  often 
afficled  in  the  same  manner.     Pure  pataiilii,  however,  is  hattnlcss. 

Tie  cficeta  were  iirst  described  by  Volkmann.  1875.  The  acute  stage  begins  with 
eniptioD)  and  absccHws,  ''wax  boils."  These  last  kcvmbI  months,  and  then  pais  into  ■ 
cfaronic  dermaiitii,  with  seborrhea  resembling  pitoriasls,  jiiKmenlation,  dry  lissurM, 
boflly  ihkkCBing.  rcsemblinfC  iehthyosis,  etc.  In  the  terminal  stage,  multiple  warts  or 
papiumaas  develop,  turning  linally  to  true  epitbcliama  (Davis,  1915). 
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THYMOL 

This  is  contained  in  a  number  of  aromatic  oils,  for  instance  Thyme; 
Itschcmicalstructure.CtHj-CH^'OH-CsHj,  1:3:4,  isallicd  to  that  of  the 
creosote  constituents.  Its  actions  are  also  similar  to  those  of  phenoL 
Its  antiseptic  efficiency  is  higher,  restraining  the  growth  of  pus  orgaoJsnu 
in  1  :  3,000;  it  is  not  a  very  active  germiride.  The  local  effects  and  the 
toxicity  are  relatively  slight,  because  of  its  slight  M>lul>i!ily  and  stow  absorp- 
tion. The  absorption  from  the  alimentary  canal  is,  however,  practicsUjT 
complete  (Seidell,  1915).  The  solution  and  absorbability  are  favored  by 
alcohol  or  oil  (Schultz,  IQ15);  these  must  be  avoided  in  the  thtirapeutic 
use.  Even  after  absorption  its  toxicity  is  but  a  fourth  of  that  of  phenol. 
Alwut  half  of  the  thymol  is  completely  destroyed  in  the  body  (SddcU, 
1915).  The  remainder  is  excreted  paired  with  sulphuric  and  glycuronic 
add  (Blum).  Tlie  symptoms  are  similar  to  phenol  ( W.  H.  Schultx,  1911), 
except  that  there  arc  no  convulsions,  the  central  nervous  svsiem  beinf 
primarily  depressed.  It  is  rapidly  absorbed  from  hypodemuc  iDJcctions 
of  oily  solutions  (.Schultz  and  Seidell,  iQi  j). 

Uses. — Thymol  has  a  rather  pleasant  clean  taste;  and  a  saturated 
watery  solution  makes  a  rather  agreeable  and  fairly  efficient  antiseptic 
and  deodorant  mouth  wash  or  gargle;  tolion  for  discharging;  wounds,  etc. 
Internally,  it  is  occasionally  employed  as  antipyretic  and  intestinal  anti- 
septic. Its  main  use  is  as  an  anthelmintic  in  the  treatment  of  hook-wona 
disease  (Boczolo,  l88j), 

AdmtniBtratian  in  Uncmariosis. — It  is  given  luting,  in  the  total  dose  Of  3  Gn.  lot 
ftdulls.  -ind  (he  usuni  iiioiltticniions  foi  age,  divided  into  tlirtc  poctjoni,  taken  u>  Iwnr 
apHrl.  bi-st  us  tine  powder  in  ysn^  cHpsules.  This  is  preceded  uiil  followed  by  •  nllM 
cnthartic  I  not  hy  castor  oil).  A  rnthcr  detailed  Icchmc.  cstfthlished  by  StBs  (ilescifbcd 
in  J. A.M. A.,  do:  1546,  i'}i3)  should  be  used  to  insure  lucMo.  Tbc  treatment  b 
repeated  at  weekly  intervals  until  fuccesaiul, 

.Allhougii  higtily  cllcclivc  against  hook-worm  discuu^,  ihymnl  a  oat  ideal.  It  sdmc- 
l!ine«  (ails;  produces  «ome  disaKreeiil>lFaftFr-effecttin  nearlyhalf  tbcpaticats;  iaafew, 
it  causes  tcvcrc  poisoning;  and  its  cost  is  high  {Levy,  1914). 


PKEPAR  ATIONS— TUVIIOL 

•Thymnl.  U.S.P.,  B.P.,  C^,(CHJ(OH)CCai,).— Ooni»  in  the  vtAuOe  oS  <tf 
Thymus  vulguis  and  in  some  other  volatile  oiU.  Large,  colorleu  priims;  aroaulk, 
thvme-likeodor;  pungent, ftrotnaticlit^tB.  Very  tJIgihtly  »oLio  water  (t  :  i.oio);  Intif 
■of.  in  ale.  (1  :  i)  or  olive  oil  (i  :  i.;);  xaL  in  other  &t«l  oils  and  in  voLoik.  IJoiiefies 
when  triturated  with  camphor,  mentbol  or  chloral.  Dot*,  o.iij  Gin.,  >  gr.,  L.S.P.; 
o.ot  too.ii  Gm..  H  to  agr.,  B.P..  as  antiseptic;  i  Gm.,  15  p-  (cautiool)  pet  dajr,  ai 
anthelmintic,  U.S. P.;  t  to  i  Cm.,  15  to  30  gr.,  DJ, 


NAPHTHALm 

This  [cprtsents  the  union  of  two  benzol  rinuH:     It  i»  practically  IriMlable  in  waier;* 
and  is  employed  mainly  is  insecticide  (molh-balls);  oji  antiseptic  dusting  powder  in  ikin 
discasu   anil   m   intestinal   antiseptic   and   anihelniinljc.  especially   againtt   oiyuria. 
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Fumucatioos  have  aUo  been  trt«d  ajcain^l  ptrtussia.  It  hxi  usual))'  a  rdativcly  low 
toxicity  fot  tnummalx  bomiM  but  llttk  it  :u»t>rbcd,  tbr  grcitter  put  bdoj!  elliiiiiiat«d 
uncbanitod  by  the  (rcn.  That  sbsorbtd  [i  excreted  an  naphthol,  nnphthiKtuinoii,  etc., 
aad  pnduccs  rciuJ  ttod  vuicjil  iiritatioa  «nd  hcmorthage.  Hoivci'er,  the  nbw>rptioa  is 
(oainlne* iiErtatcr,  capoditUy  In  the  prncnctof  oil:  1  Cm.,  admbiattfedicihecouracof 
two  diyt,  ita*  proven  latul  to  a  six  yta.t  olil  child  (Prochownik.  19:1).  llcioc.  1913, 
i^orU  poiwaiag  In  s  ivtmum  after  :,<•  Cm.,  dUtrihuted  over  three  days.  Retiul 
rtimiign  may  occur  tlmflaf  to  tho«  produced  by  naphthul  (Takamura,  ion).  Further 
rcJcrencetloUwiidcBctioniarc^vcnbySGiferl,  NcbcDwirk.,  191s,  p.  140- 


PBKPARAIIUMS — S  APHTUALBN 


HtPMhalmtim,  CtgHi.— ColorleM,  crytiftlUne  powdery  coal-tar  odoij,  hot  tatte. 
I  losul  ia  water;  (ol.  in  ale.  (i :  ij).  Doit,  0.1  to  0.5  Gm.  (i  to  S  gr.).  For  children, 
(o-osGn.,  I  gr.,  at  iH  y*»^l  to 0.1  Gin. ,  j  icr-.  at  twBlve  yean,  three  tlmM  daily. 


NAPHTHOL 


The  nuphthoU  arc  comiwuiulii  analogous  to  phenol,  formed  by  the 
KnLroducdon  of  an  OH  group  into  naphtbalin:  .\lpba-naphtbol  is  the  more 
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Alpbk 


/V^OH 
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xic  of  the  isomers  and  is  not  employed  in  medicine.     Beta-naphthol 

Is  similarly  to  phenol,  l>ut  i»  more  germicidal.     It  has,  a  special  irritant 

tion  on  the  ludncj'S,  and  severe  nciihrili?  has  been  caused  oy  its  absorp- 

On  from  the  intact  akin  in  the  therapeutic  um  (Kopotu,  1881;  Boatz, 

^94).    It  is   therefore  especially  contra! ndica led  in   the   presence  of 

QaJ  diseaae.     Change:^  in  tlie  retina  and  opacity  of  the  lens  have  also 

*n  described  after  its  use  (jt.g.,  v.d,,  Howe,  1913).     Further  references  to 

>c  side  actions  are  ^ven  by  Scifert,  Nebenwrk.,  1915,  p.  186. 

It  is  almost  insoluble,  and  is  employed  as  an  ointment  in  psoriaius, 
=ne,  parasitic  skin  diseases,  pruritus;  and  to  deodorize  ozena.  Internally, 
is  u*ed  »a.  an  intestinal  anli.4eiitic  and  anlhelminlic.  It  is  effective  in 
lopk-wonn  disease  but  inferior  to  thymol  (Freeman,  1908).  The  local 
tation  and  toxicity  may  be  lessened  on  the  salol-principle,  by  trans- 
**'ming  it  into  esters.  The  hennoate,  salicylate  (fietol)  and  oxytoluate 
(.Epicarin)  arc  described  in  N.N.R. 


l-kF-rARATIOllS — NAPICniOL 


*<Mm^MW,  t;.5.P.:  XatJahol.  B.P.,  Ci.HiOH.— Colorless  or  buff-oolored,  cryv 
whc  laininc  or  powder;  (atni  pbeool  odori  pungent  taste.  Vcc>'  slightly  sot.  to  water 
(lit^Mo);  very  wl.  in  ale.  (1:0  h  and  in  Cdb,  glycerin  and  alkalies.  JDax,  a  15  Gm.,  4 
P-U.S.i'.;o,  t  too  CGm.,3  to  10  sr.,  B. P. ;  Agaiiwt  hook-worm,  1  to4Gin.,  by  Rpccial 
k«^  (Freeman,  looS).  P.xtMnnily,  1  to  topercent.  oiatmeatot  z  to  jpcrceat.  mIu- 
ii»a  oil  or  Bloohoi;  la  alopeda,  i  to  >  per  cent. 


Qvmouxt 

Ua,  CtlliN,  b  derived  (rom  iiaphthalin  by  the  substitution  ol  a  K  lor  a  CH 
Ii  is  highty  toxic  and  itrongly  aatiicptic,  but  doc*  not  iuhibil  the  growth  of 
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yewt  (DooBth,  iSSt).    In  nbbiis,  ih«  hypodermic- Or  Intravenous  injection  of  o.>( 
per  kUognm  produces  rctiniiis,  <,imilnr  to  nnphthnlin;  the  kai.  however,  remaining 
ae»r  (Jm».  i«i6>. 

OcrauinoUn  Sulpbjite,  (CiHiON)aUiSO,,  i*  \-ery  strongly  uiniieptic,  but  (Mbly 
HcrmldJjLl.  It  seeing  lo  be  non-tnxic  nnd  is  UMnl  u  >n  antiicptic  tolion  (or  idixou* 
mcmbtane*,  etc.,  und«r  the  nameuf  chlaosol (N.N.R.)-  It* Utc  wuiuidied  by  Bnlun, 
1899. 

BENZOIC  ACID  AND  BENZOATES 

Benzoic  acid,  CeHiCOiH,  occurs  in  Ihe  balsams  (Benzoin,  Tolu,  etc), 
in  cranberries  and  in  other  vegetables;  and  in  the  decomposed  urine  of 
herliivora.  Il  is  now  prepared  synthetically.  Il  ia  a  fairly  strong  anti- 
septic of  about  the  same  rank  as  phenol;  the  salts  arc  somewhat  less  effi* 
cienL  The  free  acid  in  concentrations  above  o.i  per  cent,  products 
moderate  local  irritation;  the  salts  arc  not  irritant.  Tlie  *y»lemic  toxicity 
is  very  low,  even  large  doses  producing  mainly  digcstis'c  dcrangemeftt, 
sometimes  with  further  etTecls,  resembling  ihose  of  salicylates.  There  is 
also  a  similar,  but  weaker  therapeutic  action  in  rheumatic  fever.  Fatali- 
ties are  unknown.  Benzoic  acid  combines  in  the  Iddneys  with  glycocoU 
l«  form  the  inaclive  hippuric  acid, 

Dse  as  Food  Preservative. — The  low  toxicity  and  the  absence  of  odor 
or  marked  taste  has  led  to  the  useofbenzoatesfor  the  preservation  of  foods, 
especially  fruits  and  vegetable  products.  Sodium  benzoate  is  generally 
cmployeii  for  this  purpose  in  the  concentration  of  0.1  per  cent.;  in  add 
foods,  especially  fruits,  most  of  the  benzoic  acid  would  be  lilierated.  This 
concentration  suffices  to  restrain  bacterial  growth  conaderably,  but  may. 
not  prevent  it  completely. 

Antiseptic  Efficiency.— Huchholi,  1875,  found  the  free  add  lo  be  x^^mKiiU  I«  <»  4 
ptr  cirn.,  and  aniisqjiic  in  o.i  per  cent,  Sallcowtki.  1899,  lound  that  0.15  per  cmL 
Kept  mc.-it  sttrile  for  live  monlhs)  wilh  o.  i  per  cent,  there  were  oal>-  a  few  co1mu(& 
Sodium  U'iiiM>nle  in  ni.-ut[id  media  inhibits  growth  Ino.^  I00.5  percent.  (TIl  Sndtb). 

Action  on  Digesiive  Ferments. — In  test  tubes,  beiucotc  add  up  to  o.  t  percent,  dot* 
not  intcifcie  ni;irkcdl>'i  but  higher  conti!n  I  rations  are  detrimentnl,  r^ptviBlly  to  pepsa 
(I^lTmaiiil,  i39i>).  However,  peptic  digc^ttloa  proceeds  fairly  rapidly,  even  in  a  utu- 
rattcl  solution  (Dakin).    These  actions  huve  no  pmcticAl  importance  (Long,  1911). 

Actions  erf  Moderate  Doses. — These  are  especially  important  in  view 
of  the  use  nf  bun/,iiatis  for  the  preservation  of  food.  In  a  vef)'  careful 
investigation.  Chittenden.  Long  and  Herter,  1911  (Report  88,  L'.S.  Dept. 
Agr),  could  not  demonstrate  any  effects  on  hcalthj-  individuals,  if  larger 
quantities  than  are  likely  to  be  used  In  foods,  0.5  dm.  per  day,  were  con- 
tmued  for  weeks.  Even  slill  larger  doses,  to  4  Gm.,  were  not  generally 
injurious.  They  were  sometimes  followed  by  indications  of  slight  diges- 
tive disturbance  (Herter);  but  it  is  doubtful  whether  these  had  any 
significance.  Excessive  concentrations  (above  0.1  per  cent.)  of  the  free 
acid,  consumed  too  freely  (as  in  dder  or  fruit  juices)  probably  catisc  iDore 

?ironounccd  gastro-intestinal  irritation  (Lucas,  1910),  hut  not  albuminuria 
Mertcr,  1410;  Gerlach,  1909).  These  concentrations  have  &  noticeable 
taste  which  might  serve  as  a  warning.  There  is  no  reason  to  assume  that 
the  benzoatc  has  a  cumulative  action,  since  it  is  promptly  excreted  as 
bippuric  add;  nor  is  there  any  evidence  that  the  formation  of  this  add  is 
in  any  way  detrimental. 

Investigations  of  the  Referee  Board. — Chittenden,  Long  and  Herter  each 
experimented  on  four  lo  six  healthy  young  men,  adminiMcring  todium 
benzoate,  dissolved  in  food  or  drink,  0.3  Gm.  per  day  for  two  monibs,  then 
0.6  to  I  Gm.  for  one  to  two  weeks,  and  4  to  6  Gm.  for  shorter  {icriods. 
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linical  obwrvation*  and  extensive  analyses  of  food  and  ewrela  were 
made.  Chittenden  and  Long  observed  no  effects  whatever  on  the  general 
feeling  of  the  subjects;  on  pulse  or  blood  pressure;  red  or  white  blood 
corpuscles  or  hemoglobin;  no  loss  of  appetite,  nausea,  headache,  intestinal 
disturbance  and  no  change  in  the  intestinal  flora.  The  liody-weight 
did  not  diminish;  the  digestion,  assimilation  and  utilization  oi  fat  or 
protein  food;  the  composition  of  the  feces;  the  X>balance;  the  quaoti* 
tative  composition  of  the  urine;  and  Ihc  distribution  of  nitrogen,  re- 
mained absolutely  normal  There  was  no  indication  of  damage  to  the 
kidneys. 

Hcrtcr  agreed  with  these  negative  results;  but  with  doses  above  i  Gm., 
he  observed  a  slight  increase  of  indican,  of  coecal  bacteria  and  of  free 
nuttric  hydrochloric  acid.  These  effects  could  mean  a  slight  irritant  action 
from  the  use  of  these  doses,  which,  however,  arc  larger  than  would  ordi- 
narily be  introduced  with  foods. 

The  Prussian  Scientific  Deputation  of  Medical  Affairs,  tgii,  accepted 
the  conclusion  that  0.5  Gm.  distributed  in  small  doses  during  the  day,  are 
innocuous;  but  they  do  not  consider  the  experiments  with  doses  of  several 
grams  as  affording  proof  of  absolute  harmlcssncss. 

The  conclusions  of  Wiley  and  his  collaborators  (Bull.  84,  1908},  were 
Ie*»  favorable.  Their  experiments  were  also  made  on  healthy  young  men 
with  doses  of  1  to  2.5  Gm. ;  but  these  were  pven  dry  in  capsules,  offering 
opportunity  for  more  violent  local  actions  than  when  the  benxoatc  is 
dissolved,  as  in  food.  This  may  in  part  explain  the  claimed  deleterious 
tcsuUa  (gastric  pain,  vomiting,  digestive  and  metabolic  disturbances, 
reduction  of  body-weight,  etc.).  However,  these  results  were  not  very 
strilting,  nor  their  causal  connection  with  the  bcnzoalc  administration  at 
alt  conclusi\'c  (K.  B.  Lehmann,  iqii). 

EftMU  of  Ltirge  Doses. — Soitlum  bcnxoaic  h  tolerated  witboui  icrious  (ymploms 
even  in  much  larEcr  iIo=ct.  at  least  up  lo  60  Gm.  per  day  (/.i.,  Jaksch,  iSg?).  Such 
dOMS  were  fnTnieit}'  iitcd  In  ihcrapculics.  There  Rrc  gcnerBJly  tymploRis  rcicnibling 
ihoaeof  uiicj'lates  1  Lovinekj.  1908;  Kost,  Fraiiiaiid  Hdtzcl.  i<)ij);as  with  thr  Initer, 
the  do*e  required  lo  elicit  tlic*e  symplom.i  varies  greatly:  Nauwa  and  vomiling  were 
obtaineil  in  tome  cases  with  (1  lo  8  Gm,  (MciKncrwid  Shcjinrd,  I'^'i')*;  whibi  in  othcrx, 
ij  Cita.  hsit  no  cEixi.  The  urine  lonwUmn  contains  rcducinK  NubtHiices,  presumsbly 
^ycuronic  acid,  especially  if  very  large  doie*  (15  Gm.)  are  taken  (Lewiniki). 

Toxic  Effects  on  Afiiiiula.^TheTCarc«nidogi>ustophciioI;giLitriciirltiidon,vo[iut- 
faiK,  dyspnea,  dccrtdse  oi  rcftexcs.  narcosis.  Kimetimcs  convulsions  (Kolictt  and 
S«3)ult<,  tSSoJ.  Dogs  lolccalc  1.7  tlm.  ner  kjlognun  liy  vein  wilhout  danger.  Thi* 
produce*  shoit  vngus  s tint ulni ion  nnd  proloDSed  rucof  blood  prcf^uic  (Naumann,  1S79). 

Pennis»bitity  of  Benzoated  Foods. — These  investigaUons  justify 
the  conclusion  that  healthy  individuals  may  safely  consume  reasonable 
<^uantitie3  of  benzoatcd  foods  (0,5  Gm.  of  ijcnzoate  per  day,  in  concentra- 
tion of  0.1  per  cent.),  it  these  foods  are  not  otherwise  spoiled  or  unhealthy; 
but  that  patients  with  gastro-intestinat  or  renal  diseases  would  do  belter 
to  avoid  them.  Benuiale  iit  prolxibly  the  least  harmful  of  food  preserva- 
tives, and  where  these  arc  needed,  its  use  appears  permis.-*ib!e;  provided 
thai  its  presence  is  stated  so  that  it  may  be  avoided  by  patients  to  whom 
it  could  tie  harmful.  However,  it  is  very  dlllicult  to  pass  a  final  judgment 
00  such  questions. 

Potiblo  Objections. — The  evidence  ia  favor  of  beiuoatvi  is  really  ncRsltve,  vie, 
ihu  no  dclclctious  diccts  liavc  been  proven.  Such  negniitc  evidence  11  always  open  to 
the  objection  lb«  our  meiltod«  of  Invwlimtion  arr  i"ii  >ultictcntly  delicate  ot  compre- 
htnsire,  or  othenrise  are  not  adapted  to  reveal  the  po»il>le  deleterious  cdecti.  Moic 
terioitt  probably  i*  the  objection  tbat  itic  invesUgationi  fanvc  v>  far  baa  confined 
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■ImcMt  ciclusivel}-  lo  heitllliy  individual*.  It  in  tjuite  conceivable  that  initant  actions 
which  would  be  too  tccblv  tu  inSuencc  nnrtnil  orgsjia.  might  became  ddelcrioat  to  tb««e 
orguM,  especially  ihi-  j;H»ti»-inlcs<iii:iJ  tract  or  kidneys,  if  time  are  already  ditemd. 
or  when  the  general  resistance  is  lowered.  Herter,  113x0,  adviws  a^alnftt  the  free  tiMOf 
beiuoatei  in  (ly!>p«|jiia».  There  is  also  evidence  that  the  formation  of  lupparic  acid, 
which  Ib  probably  in  pott  responsible  for  the  hitrmlc»uiea  of  bdusoic  aod,  b  intcr- 
lered  with  in  at  least  some  typc=,  o(  kidney  diH-ases. 

IGppuric  Add  Srnthesis, — Benzoic  acid  and  ill  bomologt  (ciniiaiiuc  Oidd,  qninic 
ftcid.  etc.)  combiuc  m  llitr  \ii>dy  villi  jitycocnll  lo  form  hippurlc  add,  wUcbWcxotUd 
in  the  urine.  The  normal  hippuiic  acid  (avcraijinK  0.7  (im.  per  day  in  man}  MiK*  in 
thin  mnnncr  from  Ihe  ben^oir  nctd  orinirring  niiurnlly  in  vc^tablc  foodi>:  and  frooi  its 
lu>moloi;£  which  are  lurmed  in  protein  pulreficTlon  in  the  inlci'linet  (SalkowtU,  1885; 
Baumonn,  1S86).  The  synthesis  of  hippurie  acid  was  discovered  by  WoeUer.  Mtita- 
Rer  and  Shcpard,  iR6n,  showed  that  this  occur*  in  ihc  kidney*.  Bonn  and  Schnuode- 
berg,  187;,  demonstrated  tile  process  in  excised  ki<1neys,  and  believed  that  lUs  b  IlM 
only  orean  concerned  in  dogs.  However,  considerable  hippuricaddi»foRDeduiiMfdiR& 
tomiiea  dosn  (Kiiig^bur}*  and  Bell,  1915).  In  hccbivorou*  animaU,  the  l^thcai*  abe 
takei  place  parity  in  other  organs  (Salomoa,  1877),  in  the  small  inttatines  and  tivtt 

ijaarsveld  and  Siok^-is,  1879).  Chickcni  do  nut  form  hippuiic  acid  (V'oihikawa.  1911). 
n  man,  benxoicadd  up  to  10  Gm.  per  day  iseir.rcled  almntil  i^uantilativclv  ju  hjppunc 
add  (Uakin.  1910)  (ok  to  90  per  cent,  within  five  ur  six  huura;  H.  B.  L«wis,  I9I4)> 
With  very  large  doses  (15  Gm.,  Lewin^ki)  a  part  escapei  synthesis,  .\flcr  the  admini** 
tration  of  benMtic  add,  a  fifth  of  the  I»lnl  nlirogrn  of  the  urine  may  be  tn  the  form  «l 
bippuric  acid.  Injeclcd  hippuric  acid  Is  excreted  rapidly,  ue.,  vithln  ajne  ho«rs 
(Raiuss,  Raixiss  and  Ringer,  1914). 

In  parenchymatous  nephiilis  even  smaller  (|uantlti(3  arc  CxCKtcd  in  part  as  I 
add  (Jaatsveld  and  Stokvis,  18701  Krvnecktr.  il^H.)). 

Unc  Add. — Large  dtun  of  bcnxoates  (it  Cm.  per  day,  in  man)  incfcAM  the  t 
tion  of  urates  in  (he  urine,  and  decrease  the  urate  content  of  the  Mood.     Tie  efle 
ia  therefore  t;imilar  to  <alicyt,     The  crcaLinin  i>[  the  blood  h  not  lovered  (Deni>,  tot  jl 

II.  B.  Lewis  and  Knrr,  1916,  observed  a  marked  decroue  in  uric  add  ecdcttd 
during  the  period  uf  manmal  jiippurate  cicrclion,  afici  7  to  ft  Gm.  of  bcnaoatc 
eSect  is  not  produced  by  administering  hippuric  add  directly.     Creallala  -"" 
was  not  ailectcd  by  the  bcnzoate. 

Therapeutic  Uses.— The  sligliUy  irriUnl  and  stimulant  action  of  fete 
benzoic  add  is  sometimes  used  to  promote  cipccioration  m  bronchitis 
with  abundant  tMn  secretion;  and  in  the  form  of  benzoin,  to  promote  the 
healing  of  small  wounds,  chapped  hands,  etc. 

Benzoalcs  were  formerly  einpluyecl  in  uric  acid  diseases  (Urc,  1841);  to  arthritic 
where  it  acts  similarly  to  saJicylatr^.  but  weaker;  in  tuberculous;  and  a*  a  diuretic  and 
aniioeplic  in  cystitis,  II  is  not  diuretic,  and  its  antiseptic  aclioD  OH  the  uiiac  U  cvfS 
weaker  than  that  of  the  salicylates  (Sollmann.  1908), 


PREPARATIONS — BEN20ATK 

'Acidiim  BtntokiiiH   (Add.   Bern.),  U.S.P.,  B.P.,   CJItCOOlI. — Obtained 
benzoin  by  sublimation,  or  prepared  synthetically.     Colorlcw,  lustrous  tcaln  or  oeedlfa^ 
odor  resembling  benzoin,  acid  pungent  taste.     Slightly  *nl.  in  water  (1:17$),  freely  loL 
in  ale.  (i:!.j).    Ddjit,  0.5  Gm..  .1  gr.,  CS.l'.;o.j  to  i  Gm.,  5  to  tS  gr.,  B.P. 

Trorh.  Add.  Brns.,  B.P. —0,05  Gm.,  H  gr. 

Afnman.  Ban.,  U.S.P..  B.P.,  NH.CiHtOf.— White,  lamiiuu  cmtalUae  povderi 
odorless,  or  a  slight  odor  of  benzoic  acid,  valine,  bitter,  afterward  digntly  acrid,  gnd»>j 
ally  losing  ammonia  on  exposure  to  air.    Sol.  in  water  (1:10)  or  ale.  (i:}}-]);  i 
sol.  in  give.  (i:B).     Daif,  1  Gm.,  ngr.,  U.S.P.;o.3  to  1  Gm..  s  to  rs  gr-.  B.P, 

'Sodii  Benaoai  (Sod.  Benz.),  U.S.P.,  B.P.,  NalljC.O,.— wTiite  powder;  1 
Swedish  taste-    Frectysol.  in  water  (i;  1.8);  sol.  in  ale.  (1I61).    Incompatibkwithi 
and  iron.     Dose,  1  Gm.,  15  gr.,  U.S.P.;  0.1  to  1  Cm.,  s  to  30  gr.,  B.P. 

Liquor  AnlhffilUux  Alkaiinus,  N.P. — A  mildly  anlisqitic,  alkaline  and  dcRiulctnt 
moulh  wash,  containing  about  15  per  cent,  of  glycerin;  3  per  ceoL  each  of  sodiun  h«^ 
■oate  and  potas.  bicarbonate;  o,H  percent,  of  sodium  borate;  flavored  with Ifayiaol bkH 
aromatic  oils,  and  colored  purplish  red  with  pcrMonit.     Applied  with  4  to  j  volitBitarf 
worm  water. 
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^f  CINNAHIC  ACID 

Pw^j^feldU,  C(Hi'CH:CH-COOn;  it»  aoUiblc  sodium  Mlt  and  Bnlsnm  ol  Peru 
f^WU^Mbbtt'urife  (luaotilics  of  danAmic-bciizyl  nlcr  and  frw  cinimmic  nciil)  pro* 
diK«1cU0OC]rtMi(.  rhc)'  wi-rruiimiaUtctcdiiitKvciKiusly  byLiindcrrc  asaiiut  tubercu- 
losis, with  tbe  idea  ol  Mttin^;  up  u  loc&Uxcd  indanunatory  rcaclion  about  the  tubercular 
Xod,  IcHliaK  to  cicalruation.  The  rc^ulth  hnvr  been  dinppointliiK  an<l  the  Ireatment 
tattirtadf  goae  out  of  fubion,  Sodium  Cinnamate  (Hetol)  and  its  ailminittrolioii  »re 
described  in  Rep.  Counc.  I'iuiiin-  Chcm-,  191 1,  y.  Ao. 

Not  tnu>:h  is  known  sbout  Ibc  pliHrtnncoloicic  aciiuns  of  cimuimic  add.  Erdmaim 
juid  Manchand,  1841,  showed  Iliat  it  b  loigeK'  converted  into  bcnnuc  and  hippuric 
moA.  Il  has  no  cftcct  on  ur^lc  mclnbolkm  (Denis,  i^is).  Cinnamic  kcJd  hia  been 
pNfwscd  a»  a  food  preservalit'i;;  but  (he  German  conunivnoo  dtcidcd  ibat  whilst  its 
KciBcity  a  low,  its  tUrnilmani  hu  not  >'et  been  suffidcntly  deroonilrated  la  make 
its  »e  pcrnu>»iblc  (lIcRlci  and  Rubncr,  1914)- 

SAUCYUC  COMPOUUDS 

Silicylic  add  (ortho-osybcnzoic  acid,  C«H«OH'CO»H,  i:j)  and  its 
compounds  are  ie^  anti.'iviiiic  and  much  less  toxic  than  phenol;  but  they 
prutuoe  nuirked  antipyiclic  and  iiiialge^ic  vflecls  and  a  practically  ft|>ecific 
nelict  of  the  phenomena  of  acute  articular  rheumatism.  Large  therapeu- 
tic doses pnxluce  the  s(M:alled  "toxic"  symptoms  reiitemblingcinchonisro. 
'i-  he  dilTerenl  compounds  act  tiualitutively  similar  but  present  quantitative 
tliflffcncc4.  The  salicylates  are  excreted  by  the  urine,  paruy  free  and 
partly  combined. 

K  HiMoricaL— An  cxccUeot  tovicw  of  Ihe  introduction  of  »»licyl!c  Acid  Is  (umi»bcd  by 

BJ^*-  0.  Uoore,  iSjg,    The  entire  literature  to  date  is  presented  by  Hanilik,  1914. 

H^^licylicadd  wu  bift  prepared  In  iSjSby  Pirinfromtalicin,  which  hnd  been diicavered 

»  1ji  ***'  ^y  Leroux.     Cahours,  in  1S44,  and  Procltr,  prrcinred  the  scld  from  Kaultheria 

*"■-     Kolbe  and  Laulcmann  produced  wlicylic  acid  «yntlietically  from  phenol  in  tS6o; 

**><i  Kolbe  ilfiviud  a  comnicfciitlly  iirscl leal  synthetic  proccw  In  1874.     He  alio  invrtti- 

B*l«d  [l>  anlUermcntative  action.     Il  soon  became  thoroui;)ily  established  M  a  surgical 

^QtiMptk  (Thicnch,  iS;j};  anUpyrelic  (Kucu,  1875};  and  antirheumatic  (Siridcler, 

^k  Antiseptic  Action. — Free  s<ilic>'lic  acid  is  about  equivalent  to  phenol 
^^n*^  benzoic  acid;  iu  salts,  however,  arc  scarcely  antiseptic  (Kolbc,  1874). 
^hc  irritant  efiects  diMiualify  -lalicylir-  acid  as  a  surgical  antiseptic.  It 
■^>-'s  been  used  as  a  food  prcscr^-alive,  but  il  is  doubtful  whether  this 
*^c»uld  be  permitted.  Salicylates  have  a  moderate  antiseptic  effect  on 
***«  urine  (Sollmann,  1008;  fordan,  loii),  and  may  be  used  for  this  pur- 

^  Action  on  LeucoeytM. — Binz,  1&75,  found  that  llie<<e  arc  paralyxcd  bdiI  killed, 
**'**ilir  loquimo  and  many  other  nromalic  derivative!.  Ikeda,  i9i6,ob«crvednoe(Icct 
?•  t  be  cmiicraiiuQ  of  while  celli  Irom  infbmed  mescntcfj-.  In  mnnimals,  the  leucocytes 
i~_  the  blood  are  doubled  an  hour  afwc  the  adminiitration,  but  telurn  lo  normal  in 
■■**o   hovn. 

^t  Ixwal  Actions  on  Skin. — ^The  application  of  salicylic  acid  in  substance 
^P*  strong  solution,  produces  a  slow  and  painless  destruction  of  the  cpithc- 
^*Wm.    Jt  ia  used  as  ointment,  2  to  10  per  cent.,  in  itching  skin  diseases 

S^rtiaria);  as  lotion,  1  to  2  percent.,  in  alopecia;  as  powder,  3  per  cent. 

»ti  taJc,  against  sweating  feet ;  and  in  collodion,  10  to  ao  per  cent,  and  plas- 
**ra  to  soften  corns  and  warts. 

Beikaibusch,  1415,  recommend*  a  10  per  cent,  ointment  («pTtad  thickly)  asaintt 
**in  iivhnunation,  boili  and  ecicma. 

^Tl'miilltllVwiWi  iif  Tlilii  tii"iliifliiti  1 — Sauerlatid.  iQti, found  that  iheciCemal 
>Byl">c«ti8«i  (not  tbe  systemic  adminihuaiionj  of  salicyl  prepuatims  cauie  a  iiratluaj 
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(l«\-clopin«nt  of  peruHcnl  tenHtiveBcw,  trading  tu  cruptioas  after  ui  lacubftUoo 
This  involved  ilII  pans  «(  the  akin,  not  only  thai  to  vhich  the  lalicrlsU  ' 
applied.     The  »!(m  wti  not  hypcracnaitive  to  otlier  iintuilH. 

Local  Actions  on  Mucous  Membnnes. — Strong  solutions  caute  cc^^ 
sidcrnbte  irriiaiioci  and  suiMjrficial  corrosion.    The  ^alts  arc  free  Irora  it^* 
objection,  and  ihc  free  acid  is  ibcrcforc  Utile  cmployrd  iiiicmnlly. 
ubo  »oftens  the  enamel  of  the  ttetJi  and  should  not  be  used  in  mou  ^ 
washes. 

SolicyUlu  have  pracclmlly  no  rffecl  on  miseU  «f  worr*. 

Absorption,  Fate  and  Excretion. — The  salicyl  compounds  are  rapid 
absorbed  fix>ni  muci>U!i  membranes  and  cvtrn  from  tbv  inUicL  skin.    T 
insoluble  esters  arc  saponihod  aiul  ulimrtwd  in  the  inlcslincs;  a  part 
probably  absorbed  without  decomposition.     In  the  tissues  and  blood  t 
sulicyl  exists  probably  as  sodium  .'«ilicylate;  high  tensions  of  COi 
liberate  free  salicylic  acid.     It  is  excreted  to  some  extent  in  all  the 
lions  (siveal,  Tachau;  only  traces  in  the  feces,  Hanzltk);  but  by  far  tl 
larger  part  appears  in  the  urine;   partly  free  and  partly  conjugat 
The  excretion  bc|^ns  within  fifteen  minutes,  and  is  practically  comt)tct< 
in  si.\  to  forty-eight  hours.    The  rapid  excretion  explains  the  need  of  lai^sv 
and  frequent  doses.    Larger  doses  may  color  the  urine  green. 

Conjugated  Salicjrlic  Acids  and  Salicyluric  Acid.— The  (ornu  b  wUch  wlicirbr  ^ 
arc  riciclcd  by  the  urine  >rc  still  in  quotion.  U.  Moiuo«]8QO,ctliniale«ttut  moftli^aa 
juilf  h  iDiiJuicaicd;  but  his  mi-ihod»  ate  open  to  doubt.  It  i^  zfiwrally  »Uted  thit  t.b« 
greater  patt  combines  with  glycocoll,  forcoiiig  a  compound  annlocoas  to  faippuik  )cU 
nnd  naoied  salicyluric  acid  (Uerlagnini.  1856).  TluK  ia  MppOMd  to  be  taaclln  m 
rbeumaiiMn  (StockmiuiD,  1906),  However,  Haoillk,  1916,  TalM  to  fisd  w^  ' 
conpound  in  human  saUcyl  uriae*. 

A  part  of  the  uUcyl  l»  excreted  conJuKaled  irith  «ul|<}iurk  ami  clj-i'uniBlt  >  -  < 
alw ai<ixyullc>'lic  ncid  (C  NcubrrK.  ioii).an(l  peiluip^ in  other  (orma. 

Absorption  from  the  Alimontaiy  CanaL — Sodium  Mlk>'Ute  remains  in  p4i\  l^r  • 
considerable  lime  in  iheatomaeh.  The  iriMilublc  esters  imu  the  stonacfa  "i™!**^!^ 
out  abMrptian  and  are  slowlv  deoampoKd  and  abtorbed  in  the  intesliM  (H'^^ 

Sii;  dog*  with  duodenal  fiMuia)-    So<liuro  salicylate  b  alao  abwtbod  from  the  tT^|**~ 
lemacn;  Mauol  and  MInet,  ioo8);altlraushnot<|uiteaareadSy  asby  nooth  (Fi^'"^' 

Absorption  from  the  Skin. — Free  wlicyllc  add,  sodium  lalicyUte,  raeOi}!  lalicf^^^ 
and  some  u(  the  other  ester*.  In  dniments  or  alcoholic  solutions,  nre  absaifwd  b^^  ^^ 
akin,  but  tcit  rapidly  thanby  mpulh  (Francnvhini,  1906;  Schumacher.  iooS;Si 
191 1).    The  alMorplion  by  viuiou(  dianneU  hoa  been  studied  by  Ixvtn.  191 1. 

Diflufilon  througb  Colloid  Membranes.— 'Pilx  Is  hatilened  by  salicylic  aicid  or  •f^^^^ 
salio'U''-'  (tJswald.  1910;  Ilanzlik,  1911).  Salicylic  aciii  also  enleri  Uvlag  cellt  ^^^^ 
are  Eirnernlly  impvrmenblc  to  other  ociii*  (Harvey,  1014).  ^ 

Dlstrlbulion  in  OrBans.— Blanc liier.  iS;o,  invt«ti|tattd  llila  in  rk^B  aad  (mh* 
ulicyl  in  ilie  snliva,  btle,  cerebro-ipinnL  fluid,  articulalioa*,  etc    Ncnckl,  1895,  *  " 
it  In  iliebilc  but  not  in  the  gadtric  juice.    Filippi,  looe,  demooMnUdilin  the  t- 
In  Ihc  brai[i  mid  iji  the  spinal  cord.  Vinci,  1905,  agaU'CoaftRned  its  prtwnce  in  all 
and  tciTctiunt.  but  found  more  In  the  lecrciing  orcan*  (kidney,  bveT,  gastric  lai 
and  in  blood  than  In  other  organt  (spleen  and  munclcs).    The  tier\-ous  xytleiH  abi 
the  talicyl  reaction  only  after  larcc  doMS.    Otmer  and  Totiau,  1910,  confiraM 
proence  in  cerrbro^tpina)  fluid  ana  found  it*  quantity  there  indeiieiulent  cl  Ike  ~^aM 
Stockman,  190O,  found  none  in  the  nltva,  traces  tn  sweat,  aiui  conndervbla  In  the  f*-^Jn.i 
fhiid,  blisters,  bronchial,  mucus  and  pleural  eJluitlons.    Scoit,  Thotiurti  aad  Ha»i^^  j 
1916,  found  the  percentaige  in  jmnt  Studa  of  rheumnlic  patients  a  iriRe  imaller  ^'^^x 
in  the  blood.    Hofbauer,  191J,  concludes  that  it  appears  in  the  c^tiun  ooty  a^***^ 
certain  coaditioiu.  ^^ 

Dialribution  in  IConnal  and  Infected  Aiumnls.--Boindi  and  Jncobr,  1906,  (Mod  ^* 
cooccntrallun  vi  the  ioliiyl  hishct  in  the  scrum,  aad  rclatlvtjy  iifit  En  ibetat*^ 
opedally  in  nibbita  infected  with  ntanhylococcuii  10  that  ieJectcd  joints  ««lU  ff^ 
to    have  a  higber  elective  aflinity   for  salicylate*.     Ilowcvet,  the   ovUcBCa  H  B*^ 
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ng,  n-,  thf  daU  wirrc  obinincd  with  very  rough  meOtoib  ud  tlie 
tth.it  the  .t[if»rcntly  Urucr  (lUAntily  tni^ltt  be  dus  rimply  10  &» 

Ubeiatioii  of  Saticjrlic  Acid  in  the  Tissues. — Tt  ix  grQctnJIy  nwuinccl,  but  without 
convIncioK  proor,  that  llii-  ^i1ii:,vl  i><i^t$  in  t)ic  bloixl  and  iImum  ta  lodlutn  t&Iicyl&ie. 
Bini,  1876  and  iS;q,  showed  that  Irrc  catbuoic  acid,  ii  in  tuSicient  concentratioc, 
liberated  H]icylic  acid.  The  CO]  tension  of  norinn.1  blood  (nbout  6  per  cent.)  i^  too  low 
(or  this;  but  when  it  tiurs.  as  in  u^phyxja.  tri'e  salicylit:  acid  can  be  demoniit rated. 
Ilaiudik,  1916.  failed  to  confirm  this  liberation.  In  infiamed  tiuuei  the  CO9  tension 
may  be  even  hinher  locdlly,  to  17.5  per  cent.  Other  adds  are  also  producnj  in  rclU 
and  u-uuld  aid  the  liberation-  Since  free  salicylic  acid  is  mure  active  than  itt  salts,  at 
leaxt  at  an  nnliicptic,  ili  liberation  could  explain  tlic  greater  cfiicicDcy  of  inlicyl  tteat- 
meat  oa  ihe  UnnlA  ihun  on  the  catiJinc  1 1'* ions  of  rheumatic  fever.  However,  Scotl, 
Tbobum  and  Kanxlik,  IQ1&,  failed  to  find  any  fre«  iwlicylic  acid  in  the  joint  Suid» 
of  rheumatic  patienti, 

Bondi  Bna  Jacoby,  1Q05,  found  that  tbe  sallcyt  Is  precipitated  from  ihc  seruni  with 
the  aibuinin  by  ammonium  sulphate,  and  they  believe  that  It  forms  labile  corajMunda 
with  Mrutn  albumin  and  polypcptids.  Mote  Ukcly,  .however,  the  precipitation  it 
simply  an  adsorption  phenomenon. 

Tfaae  o(  Excrvtion  in  Difiemit  Conditions.— This  varies  with  the  preparation,  the 
dote,  and  alio  in  diflcrent  pnlicnts.  It  15  possible  that  these  differences  may  partly 
expUla  the  variations  in  the  eliicicncy  and  loiidty  (Fraser,  1S85). 

KotnuJ  Time  of  Eicietion. — Blanchicr,  1879.  investigated  this  on  sodium  salicylate, 
adminittcrcd  by  mouth.  It  appeared  in  the  urine  in  Mtccn  to  eighteen  minutes;  with 
doMS  of  t  to  1  (>m.  the  rKcrcilon  wa$  completed  in  twenty-two  houre;  with  d  lo  5  Ceo. 
in  fortv-four  hours.  After  continued  idmrnistration,  the  excretion  periistcd  trom  three 
to  eight  da)"*.  In  dogs,  the  excretion  w[l«  relatively  slow;  in  herblvora,  somewhat 
miicko  tlun  in  man.  Ebrmann,  1007.  found  the  cxcrttloa  in  man  completed  in 
uiee  to  twelve  hours.  He  believes  that  the  excretion  is  hastened  by  alkalies.  Gaulier, 
(913,  report*  the  excretion  as  completed  in  eighteen  to  twenty-Mx  hour*.  The  excre- 
tion wOi!  not  inllu^-nccd  by  i^viny  ^oilium  bicarbonate.  It  was  nut  parallel  to  the  excre- 
tion o(  methylcn  blue.  After  application  of  ^  salicyl  ointment  to  the  skin,  the 
excretion  la:ited  two  dnyn  (Schumacher,  1909).  *"  " 

The  eUminalion  after  intravenous  injection  has  been  studieil  by  F,  Mandel,  1908. 

Excretion  end  Fate  in  Rheumatic  Fever. — -This  avct.igcK  about  10  per  cent,  let* 
than  In  normal  Individuals;  the  drlkil  being  [greatest  in  Ihe  finl  ten  to  twenty  hours 
of  adminiatntioD.  It  is  not  due  lo  retention,  or  10  differences  of  diuresis,  but  partly 
to  excretion  in  the  sweat,  and  chielly  to  increased  dent  rue  lion.  The  pcicenlage  of 
ullcyl  in  tbe  blood  and  udnc  at  this  lime  is  lllltc  more  than  half  ol  that  in  normal 
subjocis  (Scott,  ThoburD  and  Hanzlik,  iptO).  Ebrtnanit,  IQ07,  claimed  no  diSetcoce 
between  the  normal  and  rheumatic 

Purpiu  and  Clielcliow-ki  rci"'rt  delayed  excretion  in  renitl  and  circvlaleiry  dhratej. 

Tin*  of  Bxcretion  of  Salicyl£sters.^The  excretion  of  .\spitin,  N'ovasjiirin  and  Aspi< 
nphen  it  about  as  rapid  as  that  of  sodium  salicylate,  beginning  in  one-half  hour  and 
bdag  cotnpkled  in  two  or  three  <Iay«;  Salol  and  Sallpyrin  arc  excreted  mote  slowly 

{Block,  1009:  Pincioivcr.  »oio)- 

Qaaatitj  of  Salicyl  Recovered. — This  was  investigated  for  so<iium  talic>-late  by  U. 
MoMO,  1890,  and  for  eihjl  s:dicvl.ile  by  Bond*>'nski,  i^j.  la  each  caw'ovet  90  per 
cent,  of  the  salicyl  was  recovered  from  the  urine.  However,  the  methods  give  hi^ 
lettiltt.  &lore  recent  investigations  indicate  that  about  20  per  cent.  1*  not  excrct^, 
tMtde*troyed  (Hanzlik). 

Mctibolisnt. — Salicylates  increace  the  elimination  of  nitrogen  (La- 
qucur.  Bnieneckc  and  Crampc,  1911),  especially  in  the  form  of  itrk  acid; 
the  latter  i.s  followed  by  a  cwmpensatory  decrease  (Kwmagavfii,  189)^;  Ulrici, 
tgoi ;  Schreiber  and  &tndy,  1899).  The  increase  o(  tiric  add  is  probably 
due  partly  to  lessened  destruction,  but  thi:  uric  acid  concentration  in  tbe 
bloiKl  is  also  decreased,  in  the  same  way  as  with  ato|>han  (Ocnis,  1915). 

The  normal  non-prolcin  nitrogen  of  the  blood  is  not  lowered;  but  when 
abnormally  high  it  may  be  decreased.  The  creatiii  of  the  blood  is  not 
affected  (Denis,  1915).  Gaulier,  191J,  claims  that  the  chlorid  excretion 
is  diminished.  Phosphate  excretion  is  slightly  increased  [Denis  and 
Means,  1916).     There  are  few  definite  data  on  the  respiratory  metabolism 
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(review,  S.  Weber,  1904).    DeniK  and  Means  found  uDcertain  changes 
in  the  basal  mctabolisn]  in  man. 

The  gastric  secretion  is  somewhat  decreased  (Klocinan,  1911);  but 
the  absorption  of  food  is  not  matcriuily  ofiectcd.  The  Mcreiion  utd 
flow  of  bite  are  somewhat  increased. 

Uric  Acid. — The  inCTcnsci]  rliniiniidDn  U  due  (ju  trith  atophaa)  to  inctraMd  |kt- 
tnesbility  of  tho  kidneys  to  uric  acid;  for  the  uric  add  content  of  the  blood  ttOt  dviuw 
the  tolicyl  adtnlmiuatioD,  to  resume  itx  original  level  when  tlie  talicyl  U  tUKOotlBiM^ 
In  man,  6  tin.  of  MtUum  laKcylate  may  reduce  the  blood  uric  acid  to  oa»-half  or  ooe- 
tMrd.  The  cfliciency  may  be  gro&ter  even  tban  with  Btophan  (Pl*r  sad  Cbace,  iftt; 
Frank  and  PiclrulU,  iqm:  I^cni*,  iQij).  Tbe  increase  of  urate  excreiion  may  iwa 
30  per  c«nl.  (I)cni)  and  M(itn»). 

By  leM  direct  mpthodi.  Hall,  too4,aiid  Ruckwood,  iy>^  abo  re*ched  the coiKimion 
that  the  incrciucd  cxirrctlon  of  uric  acid  in  not  due  to  uicnoxed  prodncUuoi  but  ihey 
could  not  exclude  diminished  destruction  of  uric  acJd  as  a  factor.  Exdwd  orsant 
indeed  dolroy  uric  add  more,  rapidly  in  the  presence  of  salicylic  add  (S(ooke>-  and 
Morris  1907).  U'aucomont,  iqii,  concludrd  that  <ji1ic>-Intr«  dccicaic  the  urate  aad 
purin  excretion  In  experimental  g<3Ut.  GchriK.  I'^i.l.  'ind«  that  saiicylatc  and  other 
antipyrtrtics  do  not  produce  leucocyto»i».  o»  was  comroonlv  believed. 

The  pBin-  and  mcta-jaonicrs  do  not  allect  the  uric  aciti  excretion  (Denis,  191s)- 

Faitmurlttn  A  tilutysii  of  the  Lixtt  is  increased  by  sinal],  and  decresMd  by  luge  eoo- 
ceatnition;  (.Luigucur,  191;). 

CtioUt;oSue  Action.— SBlicyUt(«  are  arnonit  the  few  drugs  which  cause  n  nnuine 
increaEc  of  tW  eriTction  of  bile  (Pf^ff  and  Balch.  1897;  Ukcda,  191s)-  Otfeer  aro- 
matic product!  which  conjugate  with  sulphuric  acid  act  similarly  (PeUoira,  loit}. 
Salicyinli's  have  been  used  in  obstructive  jaundice  and  bltiar)'  coKc,  but  it  is  doubtful 
whether  llicy  arc  of  mucli  value. 

Diabetes  Mellitus. — Salicylates  have  been  credited  with  decreasini;  the  output  ft 
•ugor  and  the  consumption  of  water  (l-.b^li'ln  and  Mueller,  |S;6;  von  Noorden,  1911); 
but  this  efficiency  is  M  brit  incutistanl  [Kaufmann,  1903). 

Contintied  Administration.— The  effects  of  continued  moderate  doses  are  imponant 
because  of  the  use  of  snlicylale  as  food  [treserv^live.  They  have  been  iaveitinted 
by  Wiley.  (906,  on  healthy  tndividunl.s.  Thi-  drugs  were  adninisteied  in  cnpnles  ee 
tiiblrls  of  o.:  to  2  Gm.  per  d.iy.  The  appetite,  (ii|;»iion  and  utilixation  olfoM  was  at 
I'lr^l  iiicrciiscd.  Thih  eilect  became  less  appaxciit  after  a  time,  but  the  food  con*uiap4ial 
generally  remained  above  normal.  Notwithstanding  this  increased  intake,  there  ■«» 
a  slieht  lofs  of  body-weight  and  of  nilTOKen.  The  excretion  of  plie«ptules  was  dimia- 
l<thed.    Thequantilyof  urine  was  not  allected;  there  was  some  tendency  toalbunuMuii. 

Antipyretic  Action. — Salicylates  lower  febrile  temperature  energeli* 
call)'  and  promptly.  The  mechanism  b.  probably  similar  to  that  oface- 
tanilid,  I.C.,  increased  heat  dissipation  by  cutaneous  dilatation,  aided  by 
perspiration.  In  healthy  indivtduals  this  is  compensated  by  incrca^d 
heat  produclion  so  that  the  normal  temperature  is  not  easily  affected. 
Salicylates  may  take  the  place  of  other  antipyretics,  but  ihdr  wde  actions 
arc  more  disagreeable. 

Kidaeys-^Salicylales  may  have  a  slight  and  inconstant  diuretic  effect 
(Ulanchier,  1879),     Fitll  doses,  howewr,  decrease  the  output  of  urine, 
partly  by  diaphoresis,  partly  by  water  retention.     This  is  accompanied 
by  evidences  of  renal  irritation  (slight  albumin  and  casts)  and  diminished  - 
renal  permeability  (phthalein  test  and  non-protein  nitrogen  of  bU>ud). 
With  the  ordinary  doses,  these  changes  disappear  rapidly,  and  apparentljr 
without  permanent  damage,  on  discontinuing  the  administration  (Scolt,.. 
Thobum  and  Hanzlik,  1916;  Luethje,  1902;  Knecht,  1904;  Qucnstedt, — 
1905;  Ehrmann,  1907), 

E.  Frey,  iqoj,  and  Gloesgeng,  1911,  found  that  the  irritant  action  cauk&- 
be  prevented  by  keeping  the  urine  allc-iline;  Ehrmann,  1907,  could  00^ 
confirm  this;  but  it  would  be  well  to  administer  alkalies  «ith  tbe  salicy- 
lates in  the  presence  of  nephritis. 
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Highly  toxic  doses  produce  aiiaiomic  pareiichymaious  Icaons  (Vinci, 

1905)- 

Therapeutic  "Toxic"  Actions.^ When  the  dosage  of  salicylates  i?  raised 
to  the  full  iherapeutic  i^lTfii,  there  occur  usually  a  scries  of  *idc  actions 
resembling  cinchonism.  They  consist  in  nausea  and  vomiliug,  ringing  in 
the  ears  and  deafness,  vertigo  and  headache,  mental  dulness  and  confusion, 
diaphoresis,  quickened  pulse  and  deejwned  respiration;  rarely  skin  erup- 
tions, albuminuria,  impaired  vision  (de  Schweinitz,  1895;  Claiborne,  IQ06), 
and  delirium,  the  latter  especially  in  alcoholic  patients.  AH  these  effect* 
arc  usually  without  danger,  disappearing  promptly  when  the  drug  is 
discontinued.  Abortion  has  sometimes  occurred,  but  it  1*  doubtful 
whether  this  was  due  to  the  drug  or  to  the  disease.  Mattos,  1905,  claims 
an  cmmenaRogue  acUon. 

The  ttausca  and  vomiling  are  not  due  to  local  irritation,  except  if  free 
salicylic  add  is  given.  The  salicylates  and  esters  are  not  especially  irri- 
tant; and  if  fractional  doses  are  given,  the  gastric  phenomena  set  in  only 
after  some  hours,  about  the  same  time  as  the  ear  and  other  systemic 
effects.  They  are  therefore  probably  central.  This  has  been  confirmed  by 
the  direct  method  of  Eggleston  and  Hatcher,  1915.  To  guard  against  the 
liberation  of  salicylic  acid,  it  is  advisable  to  neutialize  the  gastric  acidity 
by  giving  one  to  two  grams  of  sodium  bicarbonate  with  the  salicylate. 

The  far  symptoms  are  perhaps  connected  with  congestion  of  the  auditory 
apparatus  (Kirchner,  1881;  but  Haike,  1904,  believes  these  lesions  to  b« 
asphjTtial  artefacts).     The  brain  urssels  arc  dilated  (Herezin,  i<)i6). 

Toxic  Dose.— -This  has  been  investigated  by  Hanzlik,  1913,  in  over 
500  administrations.  If  the  salicylates  are  administered  in  repeated  doses 
of  about  I  Grn.,  one  or  two  hours  apart,  the  "  toxic"  effects  appear  usually 
when  the  total  dose  of  sodium  salicylate  attains  between  7  and  13  Gm., 
100  to  aoogr.;  the  mean  being  a1x)iit  13  Gm.,  i8ogr.  Women  require  about 
(our-fiflhs  of  this  dose.  There  are  no  differences  between  sixteen  and 
seventy-five  j'ears  of  age.  Children  ha\'c  a  relatively  high  tolerance,  i.c., 
the  toxic  dose  is  much  higher  than  would  be  calculated  from  their  age 
(Archambault,  1878).  Tlic  dose  is  the  same  for  the  white  and  the  colored 
race.  It  is  not  affected  by  the  presence  or  nature  of  disease.  Occasion- 
ally there  are  unexplained  idiosyncrasies  or  tolerance  (toxic  doses  as  low 
a.*  ao  and  as  high  as  1,300  gr.).  These  are  usually  only  temporary.  The 
toxic  dose  of  acetylsalicyUc  acid  and  methyl  salicylate  is  about  two-thirda 
that  of  salicyl-salicylic  acid  (MacLachlan,  1QI3)  about  one-half  that  of 
sodium  salicylate.  The  toxic  dose  and  ellects  of  strontium  salicylate  ar« 
the  same  as  for  the  sodium  salt  (Blankenhom,  1916). 

Dangerous  poisoning  by  sodium  salicylate  is  rare;  and  It  h  often  diffi- 
cult  to  judge  whelher  the  efTects  attributed  to  the  salicylate  were  not 
really  due  lo  the  diseas>e. 

The  lymflnmi  nic  described  us  vomiling,  uncnnsriousness,  delirium,  dvupnca  and 
devpcnrd  mplration  (Quincke,  1881).  fall  lA  Icmpcralure,  arytbmla,  albuminuria, 
paTau,coIU[»e.  asphyxial  convulsions  (Pclrnon.  1877;  Weckerling,  1877;  Allaire,  i8;q; 
Vlaci,  1005).  Sicard  aad  Mcarii,  1915,  attribulc  a  case  of  siao-auricular  block,  with 
■tuubtill  of  the  enliro  hearl,  to  salicylate  Thr  faUil  dme  h  ^talcil  as  5  to  13  Gm.; 
but  roust  be  very  rariable.evcnwvwc  cases  ending  gruwaUy  in  ri-eovcry.  The  autopsy 
ia  QjJnckc's  case  showca  hyperemia  of  tbc  brain  and  its  mcabtano,  oE  ibc  kidneys 
•ad  inap,  and  pericardial  tcchymoats. 

Acidesit. — Quincke  called  attcntjon  to  the  rcsemblBnce  ol  serious  salicylate  poison- 
lac  to  diabetic  coma.  I.anitniciid,  1906,  and  txct,  igoli,  cmpba^ie  tliis  icscmbliLUcc  in 
cnudien,  aad  describe  the  occurrenci'  of  acetone  i-ven  after  reialiveiy  small  doses  of 
nGcylatci.    Tbc  acetonuria  is  ptolMibly  ofteu  due  Co  the  associated  conditiona  of  the 
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dlbcosc  rather  than  tn  ihc  snlicylatc;  but  it  U  ndviMhtc  to  fottow  thrir  «i|gge*tion  to 
ndminisler  wdium  bicnrbuiiulc  (ur  prupliylanit  snd  tn-fttmciit  of  khj-  ufcmu. 

Toxic  Effects  in  Animals.^T b ac  otc  similar  lo  thaic  ic  nun.  The  rc^Mralioab 
deepened  and  labored,  tint  quickenrd,  (hrn  slontvl  to  rinni  a^phyna  nitb  ccoivnlaoas. 
the  blood  pressure  rile*  at  fint,  Iben  fulU  severely;  the  pul*c  U  incontUal.  Ttu 
intracruiial  vcsscU  nrc  conKtricIcd  (Wiechow^ki,  1901).  There  Is  general  ooUaiwe  and 
somellmes  pariilyscs.  The  Iteart  stops  with  the  ii-^pirstiiin.  The  •utopsy  abowt  ibe 
mme  conjgeMions  as  In  man  (Koehlcr,  tS;6:  DoeJUe,  1870;  BUuichiM.  1879:  Quincke, 
■S8j).    Tbe  tuiicity  is  low,  Ihir  fatnl  dote  prr  virin  (or  dop  bdiu  about  1  (.•m.  |xf 


luce  pulmonaiy  nkaia  by 


kilogram.     Melhvl  and  ethyl  £alicyla.tcs  Inltavciiously  pi 
injuring  the  capillary  walls, 

Therapeudc  Effects  in  Rheunutic  Fever  and  Rheumatic  TonaOitis. — 
The  proper  adniinislralion  of  salicylates  conlwls  ilit-  tiiauiii-Mniiim*  of 
this  di&ease  in  a  most  remarkable  manner  in  nearly  all  t>-pieal  cases — 
so  uniformly  that  failure  throws  suspicion  on  the  <lia)j:iio*Ls:  the  pain  aod 
fever  disappear;  the  local  inflammation,  the  immobility,  swelling  and  red- 
ness subside;  ihe  general  comlition  of  the  patient  h  vastly  improved; 
and  the  disease  Is  under  complete  control  in  one  to  ftt  most  fi\'e  dajrS. 
These  benefits  last  only  so  long  as  the  patient  is  kept  salia-latcd  smI 
relapses  occur  when  this  is  discontinued.  According  to  statistics,  the 
total  duration  of  the  disease,  as  judged  by  the  stay  in  the  ho^ital,  is  1 
affected  (J.  L.  Miller,  1914). 

The  rheumatic  cardiac  lesioDS  arc  not  relieved  directly  (Vulpian,  iSSo)^ 
Indirectly  the  salicylate  treatment  doubtless  has  an  important  tendenc 
in  this  direction  by  favoring  rest  and  a%'oiding  the  extra  tax  of  fever,  pain] 
and  insomnia. 

Efficiency  in  Related  Conditions. — Salicylates  arc  much  less  certain 
in  atypical  subacute,  chronic,  and  muscular  rlicumaiiun,  lumbo^^ 
etc.,  although  they  usually  have  some  analj^csic  effect.  In  acute 
they  are  often  quite  effective  (\'ulpian.  1880).  They  are  notably  ineffi' 
dent  in  scarlatinal  and  gonorrhtal  arthritis  (G,  S6v,  1877;  Stodcman,  1906). 
They  are  also  used  in  headache,  neuralgia*,  ^iciatica,  tabes  and  other  ^milar 
pains,  but  with  inconstant  results.  In  chorea  it  is  difficult  to  prove  *nj 
benefits. 

Response  in  Diflereot  Affections. ^In  the  rautine  «tati»tic*  of  llanxHk.  iqi j,  ia 
ijj  CBftcs  of  rheumalic  ftvcr,  sHiicyliiles  jtave  CDiiiplel*  relief  in  8»  per  cent.,  partitl 
relief  In  16.5  per  ccni..  an<)  failed  in  only  1.5  per  cent,  tn  tubaiculc  rheumatism, 
thirty  coses,  it  i^vc  complete  relief  in  51  percent.;  partial  in  jopcr  ccnt.ifaQuret  In  17 
])cr  cent,  fn  sctntiirn,  clevca  CA»es,  it  did  nut  i;ive  complete  relief  in  any,  failed  con- 
plclcly  in  i;  per  cenl.,  and  afTorded  ijurtial  relie!  in  73  [wr  tent. 

Mechanism  of  Action.— This  has  been  attributed  to  the  general  anal- 
gcsic  effect;  and  to  a  specific  germicidal  action  on  the  hypothetic  otvani»ini 
of  rheumatic  fever.  Tbe  present  data  do  not  suffice  to  establUo  dtber 
of  these  views. 

The  enormous  doses  which  are  required;  the  small  efficiency  of  other 
antipyretics  and  analgesics;  the  rclati^-e  inefficiency  of  the  salicylates  in 
other  fornis  of  arthritis — all  these  facts  point  to  a  specific  action  on  the 
infecting  agent. 

Against  this  view  speak  the  prompt  recurrence  of  the  symptoms  if 
the  salicylate  is  discontinued  and  the  failure  to  prc\-cnt  the  cardiac 
infection.  In  rabbits,  the  prophylactic  use  of  salic>-l  does  not  prevent  or 
even  influence  arthritis  from  intravenous  injection  of  rheumatic  hemolytic 
streptococci  (Miller,  1914;  Davis,  igisl;  but  this  is  not  condusive  since 
tl]c  etiology  has  not  been  established,  and  the  administration  i>  very 
different.    The  analge^c  explanation  is  based  on  the  limited  efficiency*  of 
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lc\-latea  in  other  painful  conditions  (Lahorde,  1A77;  Vii]pi*D,  1880); 

"  on  the  effect  of  other  analgesics  in  rheumatic  fever. 

Administnition. — For  inUtnal  use,  the  free  salicylic  acid  is  too  irritant. 

The  !«)diiim  salirylale  is  the  most  commonly  used,  notwithstanding  its 

iwkish,  nauseant  taste.    This  may  he  partly  disguised  by  giving  the 

'nit  in  carbonated  water,  or  flavoring  willi  peppermint  or  wintergrccn 

water.    The  direct  gastric  irritation  is  avoid,ccl  by  adding  an  equal  or 

double  quantity  of  sodium  bicarbonate. 

To  be  efTecltve  in  acute  rheumatism,  large  doses  must  be  administered: 
1  to  1.3  Cm.  (15  to  20  gr.)  should  be  given  every  hour  until  "toxic" 
symptoms  (tinnitus,  nausea,  etc.)  set  in.  The  administration  tihould  then 
.  M  slopped  for  twelve  hours.  After  this,  i  Gm.  (15  gr.)  should  be  given 
^every  four  hours  for  several  weeks,  keepinit  the  patient  in  bed  as  long  a.i 
possible.  .\s  a  prophylactic  treatment,  i  Cim.  (15  gr.)  may  Ijc  given  thrre 
times  a  day  for  a  week  in  every  month.  If  the  sodium  salicj-late  is  not 
tolerated,  oil  of  gaullheria  or  aspirin  m;iy  be  sulwliluted.  Oil  of  gaul- 
thcria  also  gi\'es  some  relief  when  applied  externally  to  the  affected  joints. 

}Iypodftmk  Injniivnt  are  used  by  Si^ibert,  191 1,  10  c.c.  of  to  per  c«nl.  sodium 
nlicj^lale  pet  100  pounds  of  bo<l>'-wi;ighl,  every  twelve  hours;  to  avoid  piun,  cocain  may 
beinjectecl  before.  K.  T.  Willinnis  >9i  J.  ii«(*sit  intrnmuscularlv,  8  per  cent.,  wjtli  but 
UlOe  pain.  Conaidcriag  the  prompt  abwirptiaa,  thnc  Hpecittl  methods  are  usually 
nperfluoui. 

Stetal  AdmtnitlTOli/in. — This  U  preferred  by  Ilcyn,  lgi4,  ft«  hcin);  morcprompt  and 
lew  diiupMuble.  He  give;  a  clcaii?iiii;  »ciap-iud  euema.  When  it  has  taken  cllra, 
it  U  followed  by  the  silicylate  Uirough  a,  rect.-il  tube,  Inicdcd  6  to  S  inches.  The  first 
dOM  ia  of  S  to  II  (>in.  for  men,  6  Gm.  for  women,  in  150  c.c.  o(  wnlrr  or  thin  stiuch, 
*ith  I  e.c.  ot  Tr.  Opii.  It  ma^  be  repeated  in  twelve  hours,  but  usually  one  enema  per 
day  tuiEccs.    Salieyl  appciis  in  the  urine  within  fifteen  to  Uiiity  oiinutei. 

In  very  severe  caws,  the  inlrmnioiis  injrriioa  of  sodium  salicylate  may  be  justified 
(Mendel,  tfa$,  1908).  Conner.  :ot4.  u.ici  il,  "ilh  a  smult  needle  to  avoid  Ihromboiis, 
in  doMs  of  I  to  a  tim.,  evetj-  eight  to  twelve  hours.  CcrnadAi,  igi5,ndvi&cs  n  solution 
(oolalnlnK  ao  per  cent,  of  scKlium  .»ulicylnte  and  i  per  cent.  culTcln  ;  injeclini;  this 
daily,  at  fir»t  6  c.c.,  lucreasinjf  to  ;o  c-c.  The  relict  is  more  prompl,  and  no  bod 
efi«ts  have  been  reported;  but  it  would  not  be  justifiable  as  n  routine  measure. 

"Natural"  and  Synthetic  Salicylates. — It  is  often  slated  that  the  syn- 
thetic sodium  salicylate,  owing  to  the  presence  of  supposed  impurities, 
is  more  lo»c  and  less  efficient  than  that  prepared  from  oil  of  winlcrgreco 
or  birch.  The  evidence  for  this  view,  which  has  been  fostered  mainly  by 
interested  manufacturers,  can  not  stand  critical  examination.  There  need 
be  no  hesitation  in  employing  the  much  ntore  economical  synthetic  prod- 
uct (Rep,  Counc.  Pharm,  Chem.,  1913;  J.A.M.A.,  61;  979). 

The  literature  ol  the  subject  nnd  its  uncriticoJ  status  hnve  been  fully  discussed  by 
^glMtOO,  1911.  Various  impuritiea  have  been  anuouneed  in  lyntbctlc  »a1lcylaiei, 
fyriiTI]'  cie*otic  adds,  phenol,  pant-bydroxybenioic  acid,  and  hydroxy- iauphlhoUc 
Md;  bat  (he  evidence  for  tbeir  presence  is  not  convincing.  However  this  may  be, 
Hilperl,  1913,  showed  that  at  ihe  present  time  even  the  eheapest  commereial  luimples 
arc  quite  as  pure  as  the  mmt  expensive.  Waddcll,  tqii.  proved  that  the  effects  of 
Mtutal  and  tyDlhelic  sitlifylatcK  on  animals  are  qunnilialivcly  alike;  and  (be  coOpcra- 
(ive  cKoicd  l«(s,  instituted  by  the  Count.  I'hurm.  and  Chem.,  anunued  so  as  to  exclude 
■U  bina,  ahovrcd  that  their  ctlecta  on  paticnl].  arc  inditlinguiihable  (ICewlett,  1913). 
In  prKtice,  It  Is  almost  impossible  to  be  cert.iin  of  ihi-ir  source,  since  the  oils  of  winter- 
gieen  or  birch  are  very  often  adulterated,  bci;inninK  at  the  still. 

ReUtJcd  of  ConsQtution  to  Specific  Anti-rheuniatic  Action. — Phenol,  CtltiOII, 
i*  quite  inactive-  Beosoic  acid,  C.H.-COiH,  has  n  hmiied  eiiiciency.  The  OH  ■nd 
COjlI  {TOups  arc  both  necessary,  and  must  be  in  the  orllio  poMtion  lu  obtain  the  lull 
ethdency.  Derivative*  which  ran  be  converted  into  lalicylic  acid  in  llie  otgimism  arc 
ellectivc.  In  proportion  (o  the  ease  of  their  ronver^luiii  but  if  the  H  of  either  (t'oup  ja 
firmly  combined  <as  in  methyl  salicylic  acid,  C(HtCO|HOCHj,  and  in  salicyluric  acid). 
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tbey  itc  inaclivir.     The  introduCLion  at  additional  croups  lato  the  bciual  nuclcu*,  *t 

Ld  the  irriiiunic  ncidt,  dad  not  dUtutb  the  action  O^ay,  iQog:  Stocktnaa,  191^. 

Cresotinic  Acids. — Thew  were  at  one  time  blamed  for  the  reputed  bighcrioxidtjr  of 
«yathctic  salicylates.  In  (act.  however,  thcyact  very  umilarty  and  liave  about  theiaau 
toxicity  n*  salicylic  acid  (K.  May,  iqog;  Stockman,  1S90,  1909  and  1911;  Wadddl, 
1911).  They  have  a  ^imllnr  »peci(ic  effect  in  rhcuiuutic  fever,  aJthougth  they  an  mid»- 
what  interior.  They  have  even  been  used  therapeutically  in  doso  tip  to  S  Cm.  (Bum, 
(570;  Gatii,  1S70;  Dcmmc,  iSRS).  The  respmblancc  U  explained  by  their  cbetnical 
structure,  C,Il.onCU,HCHj;  witli  the  OH  and  CO,Ii  in  ortlio  iv»itioo. 

Iiomers  of  Salicylic  Acid. — Mela-  and  para- hydroxy bcnmic  acids,  nhich  differ  Ironi 
salicylic  o^id  nnl)'  in  tbc  jtosiiion  of  the  sidc-chnins,  arc  firoctically  inactive  and  noD- 
toxic.  The  i-tlicLcncy  therefore  depends  on  the  adjaceut  poMtiou  ol  the  OH  and  CO)H 
^up«.  The  cause  of  thb  has  not  been  exolained.  .\noihcr  diflHcncc  it.  that  that 
ftioRicra  *re  excreted  in  >-ombinalion  with  sulphuric  acid  instead  o(  glycnooll. 


FREPAKATIOKS — SALICYLATES 

*  Attdum  Salirylitum  (Acid.  Salieyl).,  U.S. P.,  I(,P.;  Salicylic  Acid  (Oriho-hydrozr< 
benzoic  add),  CIIi'OIi'COOlI.  Prepared  symlicilcaily  from  phenol ;  or  by  taponi- 
fication  o(  methyl  salic>-ktc  (oil  of  bitch).  White,  ligbi  cr^'itBlIinc  pander  01  needles, 
odorless  or  with  taint  odor  of  wintcrgrc*n,  of  swCBtiMi,  then  acrid  taste.  Slightly  toL 
in  water  (1:460);  freely  sol.  in  ale.  (1:1.7)  or  eth.  Dost,  0,75  Gm.,  t>  gt ,  I'.S.P., 
0,3  to  i.»  Gm.,  5  to  10  ET,,  B.P. 

Ung.  Arid,  juficy/.,  B.P. — 1  per  cent,  in  ParafGn  Ointment. 
Amman.  Salieyl..  U.S.P.,  NH^■C^^^O^— Rcsembla  Sod-  Salieyl.     Freely  *ol-  "> 
water  [1:1)  of  alc.  (1:3).     Dose,  0.5  Gm.,  8  gr.,  U.S. P. 

•  .Sod!!  Salkylas  (Sod.  Salicvl.),  U.S.  P„  B>.;  Sodium  Salicylate.  N>C,1I.O,.  -VlUu 
amorphous  or  cr^'stalline  powder  or  scales,  or  not  more  than  taint  pink  tin^e.  oilorlai( 
or  disagreeably  <wcet  saline  taste.  Very  sol.  in  witter  (i  -o.')),  (rccly  Mil.  la  ale.  (i».i}. 
Intompalihlr  wJlh  acids,  iron  salts,  lodids,  spirit  of  nitrous  ether  and  qaJatn.  OvK, 
I  Gm.,  ij  gr.,  r.S.P.;  0.6  to  j  Gm,,  :o  to  30  gr.,  B.P. 

Slront.  Satkyl,  U.S.P.,  S((CtH(0,j,  +  9H,0.— Rctemblcs  Sod.  Salieyl.  SoL  in 
water  (1:19)  or  ale.  (■:&!).    Dost,  t  Gm..  15  gr.,  U.S.I'. 


SAUCTL  DERIVATIVES 

To  avoid  the  disagreeable  taste  and  gastric  symptoms  of  salic>'latcs, 
estcn  and  similar  compounds  have  been  introduoca,  which  are  more  or 
less  insoluble,  a tid  in  whidi  the  salieyl  radical  is  bound  so  as  to  be  liberated 
only  in  the  intestine  or  after  absorption.    These  compotinds  have  UtUa] 
or  no  direct  action  on  the  slomacli,  but  they  do  not  avojd  the  nausea  audi 
vomiting  (Hanzlik,  1913;  MacLachlan,  1913),  since  tScsc  arc  probablyl 
central.     In  this  respect  they  are  therefore  not  superior  lo  sodium  salicv- 
late,  wliich  also  does  not  produce  direct  gastric  irritation,  if  properlv 
guarded  by  bicarbonate.     The  taste  is  materially  improved,  but  this  »a- 
\'antage  scarcely  balances  their   high  cost.    The  alkyl  e*tcr»  (methyl 
salicylate)  are  more  elTicienlly  absorbed  from  the  skin  and  are  therefore 
better  for  external   use.    The  acyl  derivatives   (acetyl  salicylic    acid) 
possess  a  higher  analgesic  and  antipyretic  action  and  have  therefore  a 
special  field.    The  salols  contain  active  phenols  which  adapt  them  to  intes- 
tinal antiscpMs,    These  compounds  may  be  arranged  under  three  types: 

I.  Replacemcat  of  the  H  of  the  B/droiyl  bjr  Acyl  Radicalt.-'To  tU>  type  beloof  :f 
Acetyl  salicylic  aiid  (aspirin),  C,IJ,0(COL'K,)C00H,'  and  the  correspoading  com- 

■  KnuuUchleldl,  I«I4.  CMUiden  Uu  cociecl  torovila  ol  aotlSMlKylis  ud  ail 

/>" 
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pound*  of  saficjriic  kciii  iritb  racthylcnc-dtrtc  tuM  INopoipiriii);  trith  tnlicylic  ttcld 

2.  Replaccmcnl  «f  th«  H  of  tti«  Carboxyi  bjr  Alkyl  SuUcab.— Metlivl  tolicylBic, 
C^iH<UH'CO,(ClIj).  and  llic  coriFtpodditit-  ^alicyl  csten  of  ethyl  {Sal.  EUtyll);  of 
^^Mtboxymeth/I  (mctoUn);  and  of  monoglycol  (ipimial}. 

J.  Rcpbtoeraeat  of  the  H  of  the  Carbox^  by  Phen;l  RAdicaU.— Phenyl  Mlkyltt* 
(.x^^l).  C(Ht-UtI'CO]<CtHi).  nuil  [he  (Oireitiuiiding  hnlicyl  eiwra  of  tuphthol  (6(M); 
"   nuiicol;  ind  of  iicctpiirjmiiiophcrol  {iMuphrn). 

To  Ibesc  may  be  added  lalUin,  Irom  which  salicylic  add  h  formed  ia  the  otKBinbm. 
Only  a  few  of  lbt«c  dcrivntivn  need  be  considered  in  any  detail;  the  others  which 
«  acceptable  are  descrllMd  ia  N.N.R, 

Petccatage  ot  Salk^I  in  Varioua  DerivaHvea. — too  part*  of  »odhim  sallcytata  — 
_6  puts  of  ulicyUc  acid  =  100  of  sodium  >>nlic>'lBle;  too  parta  of  meihyl  salicylate  ■■ 
_  T  parli  oi  salicylic  add  «  106  of  todium  salicylate;  100  paits  of  aoetyl  Mlicytlc  add 

TT  parlR  of  talUy tic  acid  ^  Sgof  todiumnalicylnlc;  looportsof  salicylwlkylicadd  » 

'>-)  puts  of  salicylic  add  =  114  of  sodium  salicylate. 


PIEPAHATIONS — SALtCIN 
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H  JWUimM  (Sallcfn.),  U.S.P.,  B.P..  CitHuOr-— ColortMs,  siiky,  shiolnB,  crystalline 

^■tt^s^xUcs  or  a  white,  cmtalline  powder;  odorlcM,  and  havini;  a  vcty  bitter  laitc.  Sol. 
in  wai«T  {i:ij.5)oralc.  (1:88.5).  '^m,  i  Cm.)  ij  gr.,  U.S.P.;o.j  to  1.3  Cia.;s  to  so 
XT-  *   B.P.,  In  soluiioa  or  irafers. 

Salicin  occurs  io  willuw  txuk,  which  wu  used  as  antipyretic  in  antiquity.    It  oIm 

occ^affi  In  poplar  baric.    It  was  Entroduccd  against  rheumatic  fever  by  Mncl&itan,  1876, 

*>ta    t  kt  basLi  of  the  f aadect  resemblance  to  malaria.    It  is  inferior  to  the  salicylates,  be- 

c^a-use  its  coDvct»an  is  often  incomplete.    Salicin  is  a  glucosid.  yielding  on  nydroly^ 

'offgtnin,  CiH,(UH)CH,OH;  thb  In  turn  b  oxldlxod  to  salicylic  add  O^aickl,  1870), 

»ut    a  port  is  excreted  unchactEed.    SalidLa  yields  4S  pu  ceat.  of  salicylic  add,  and  i« 

thercJoce  at  mott  half  as  eficctivc.     , 

ACETYLSALICYUC  ACID  (ASPIRIN) 

Tim  wait  introduced  by  DrcM^r,  1899.  It  was  supposed  that  it  would 
psaa  uDcbanged  through  the  stomach,  thus  avoiding  gastric  Erritation; 
&nd  that  the  salicylic  add  would  be  li1>cratcd  in  the  intestine.  In  fact, 
hoiwewr.  it  produces  some  gastric  irritation  (Rocb)  and  the  intestinal 
jlccomposition  is  slow  and  incomplete,  a  part  being  absorbed  unch;mgcd; 
^ut  Uie  salicylic  add  is  conii)lelely  lil)«rated  before  excretion  (Bondi  and 
^^tz,  19)1).  Acetyl  sulic}'lic  acid  is  about  one  and  one-half  times  as 
toxic  as  sodium  salicylate  in  man  (Haiulik,  1913);  alxiut  twice  as  toxic 
*!?  animals  (Chi»Icni  and  Lapri-sjv),  In  man  even  small  doses  (0.3  to  0.6$ 
^•"■i  5  to  10  gr.)  occasionally  produce  alarming  symptoms,  especially 
^ute  local  or  general  edema  of  the  skin  and  mucous  membranes,  urticaria, 
^''ythema,  pruritus,  etc  (Graham,  Morgan,  Gilbert,  1911;  Kiause,  1914; 
"Icrature  of  side  actions,  Seifert,  Nelwnwirk.,  1913,  p.  11).  The  cCFccta 
^poisonous  doses  in  animals  arc  similar  to  other  salicylates  (Block,  1909). 
1  iicsc  side  cflfccts  make  this  drug  inferior  to  sodium  salicylate  in  rheumatic 
'*vcr.  It  has,  ho\^-<;ver,  stronger  analgesic  and  antipyretic  actions, 
^^n  In  non-rheumatic  affections,  perhaps  because  the  undecompoaed 
*^tyl  compound  enters  the  iicr\'e  ce\h  more  readily.  It  is  used  citcn- 
Jivcty  in  colds,  inffuenza  and  other  fevers;  ancl  in  neuralgias,  headacliea, 
^'M^,  and  other  pains,  in  tablets  or  capsules  of  0.3  Cm.,  5  gr. 

PREPAKATIONS — ACKTVI.SA1,ICVUC     ACID 

'HrMuM    .UdyitaiicylUum    (.Uid.   Acftyljol.).   B.P.,   N.N.R.;   Aspirin:   C.H.O- 
^Val£o),coOH.~Wh[te.  cry&talliac,  udorlcM  powder  of  sour  taste.    SUghUy  sol. 
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UAKUAJ,  OF  PHARMACOLOGY 


In  witt«  (t::oo),  treely  *t>\.  in  ale-  (i:s).    Jncompiu^ie  with  mculure  uid  """'■** 
DMt.o-s  to  I  Gm.,  S  f'*  '5  K^'i  B-P->  >»  pnwdcr,  tablctii  orcsp«ulrs.     Uaximum ^^kA 
I  Cm.,  t;  at.     It  forms  sululile  »al[ii  wLtb  caldum  iBcn'ke,  igtsi  Luwia,  igii)  and  witk 
bcxomclhylcnamin  (Puckncr,  tgij);  but  thcic  aTc  ui»liibl«. 

Diploml,  N.N'.K.,  U  laoicli-M  tind  ylcliii  oni'-hnll  more  salicylic  acid  iban  aipcrio 
and  uric-fourth  more  than  sodium  saJicylntc — a  malttr  which  i*  tmily  coomcaMted  by  J 
the  ilosc.     Jt«  loxirity  in  mnn  is  twice  that  of  todium  ullcylnlc  (MocLocblAIi,  iftjiil 
It  i»  M-iy  rnlataui  it>  jtaslric  juice,  but  U  rapidly  sapoolfiod  by  the  duodenal  Mcntka 
(Toceo,  ion). 

K<n.upirin,  N.X.R.,  is  sniii  to  be  less  powerful  (ban  aaplrln.  and  l«M  lUble  to  prodnce 
UDptensunt  nidc  affects  (Kuerner,  iqeoj.  perhaps  b«cauae  it  ba»  not  been  uwd  u 
CKlcnsivcly.  The  literature  uf  its  ude  actioni  t«  given  by  Sdferi,  NcbcnKiilu, 
19IS,  p.  15. 

METHYL  SALICYLATE 

This  act»  somewhat  more  slowly,  but  otherwise  as  efficiently  ut  sodium 
salicylate;  llic  "toxic"  dose  being  .-il^Hiut  Iwo-lhlrds  of  ihal  of  the  Mxliuiiil 
salt.  It  is  for  the  most  part  saponified  in  the  intestine,  but  some  may 
be  absorbed  unchanged  (Baas).  It  avoids  the  dtiuigreeable  Xssle,  but  is 
more  irritant  to  the  stomach.  The  synthetic  ester  is  said  to  cause  less 
irritation  than  the  natural  oils.  It  may  be  given  internally  in  extem- 
poraneous capsules,  in  the  same  way  as  sodium  salicylate;  or  externally, 
generally  diluted  with  i  or  a  parts  of  olive  oil  and  painted  over  the  affected  I 
region.  This  is  somelimcs  more  elTective  than  the  Inlernal  use,  e*j)ecially 
in  muscular  rheumatism.  Fatal  poisoning  by  methyl  salicylate  is  rare 
but  has  been  reported  (Netthney,  190.^),  eiptnially  from  its  use  asaborti- 
facient.  An  ounce  is  usually  fatal,  with  convulsions,  coma,  gastritis  aoA 
congestion  of  the  kidneys  (Pinkham,  1887). 

Ethyl  salicylate  is  less  irritant  ani1  half  lu  toric  (Huitghlon,  1905).  SpirOMl  ii 
useti  Internally  bein^  non-lrrilant  ajiil  easily  ubaorlwd  (Impcos,  U)OT,  litcralurt, 
Seifert,  Ncbenwirk.,  1915,  p.  3s). 

MesoUm  w»s  Inirixluceil  by  Fiord,  looz.     Il  it  dccompowil  by  water  into  i^icjBc  j 
acid,  forma1deb)'d  and  methyl  olculiol.     It  is  used  cxIurnalJy,  but  am  caused  dcrmkUtik 

PREPAB-VTIONS — UETHVL    SALICYl^ATE 

•.WrtAvI  SalUyUii  (Methyl.  Solicyl.),  U.S.P.,  B.P.;  OI(m«  Bdula  (OL  BeHil\j 
U.S,1'.;  UUumGanltkeriit  (01  Gaulth.).  U.S.P..  B.P.;  Methyl  Silicyiate;  Oil  of  S«t«t| 
Bitvh;  Oi]  of  Gnultbcria  (Winlermcn),  CIIi - C)!UO..— rrodwed  synthetically 
obtained  by  di&t illation  fri-ini  Gaultncrla  procumbens  or  from  Bctula  Lenta.  A  cok 
leu.  yellowish  or  reddish  liquid;  characteristic  odor  and  tatte  ol  gaulthcria.  Il  Ii* 
Sparingly  sol.  in  water;  sol,  in  all  proporiinni  in  ale.  Doie,  0.7;  c-c.,  is  midiin*,  Ij.S.P.; 
0.3  to  I  e.c,  5  to  :5  ininims,  U.P.     Masimum  doir,  1  r.C,  30  miiuinii. 


PHSnVL  SALICYLATE 

Salol  was  introduced  by  Xencki,  1886.  Being  insoluble,  it  passes  the 
stomach  practically  unchanged;  but  is  gradually  decomposed  into  its 
components,  40  per  cent,  of  phenol  and  60  per  cent,  of  salic>-lic  acid,  in, 
the  intestine,  by  the  saponifying  action  of  tlie  alkali,  pancreatic  lif" ~* 
and  putrefactive  bacteria.  This  avoids  the  taste  of  the  components  ; 
the  local  gaslric  action;  and  since  the  dccompo^tion  is  graduial,  the  locall 
intestinal  action  is  less  violent  but  more  prolonged,  and  the  toxicity  is 
materially  lessened.  This  "Nencki's  sale!  principle"  has  been  extensively 
applied  in  the  form  of  other  phenolic  cMcrs,  /.i.,  guatacol  carbonate, 
mitigate  the  taate,  local  actions  and  toudty  of  other  active  pheooU 
acids. 


Vats. — Salol  proper  has  scarcely  fulfilled  the  origin&l 
ations.  The  toxicity  of  the  phenol  limils  the  doMigc,  and  its  ab- 
la  is  so  slow  that  it  is  practically  inferior  to  the  other  salicyl  com- 

I  in  rheumatitm  or  a*  uriivuy  antiseptic  (Sollmann,  1908).    The 
component  was  thought  to  be  valuable  as  intestinal  antiseptic, 

illy  in  icfantile  diarrhea;  but  the  decompofution  is  so  slow  and  the 
lion  of  the  phenol  to  rapid  that  effective  quantities  could  Kcareely 
into  action.  The  clinical  and  expcriinentat  evidence  is  not  con- 
(Harris,  1919)-  As  a  wound  antiseptic  it  would  be  valudess  be- 
t  L$  not  decomposed  by  wound  secretions  and  only  ver^-  slowly  by 
la.  Its  use  in  tooth  powders  has  caused  eczema  of  the  lips  (Hugen- 
It,  1907).    Perliiijwils  main  value  is  as  a  coating  for  "  enteric  pilis," 

II  nmsecs  which  arc  intended  to  pass  the  stomach  unchanged  (/.i., 
in  d\-sentery).  It  must  be  remcmlwred  lliat  a  coating  sufiiuently 
to  be  ctTcctive  introduces  targe  doses  of  salol. 

nperitioa  uid  AntUtiitlc  Aclioo. — Salol  is  also  dtcompoMd  to  a  hIIkIii  c:tlnit 
WHillt  Biid  stuoudi  by  bacteria  >L«nik.  1SS7).  It  u  uplit  by  bunuji  milk,  lo 
■idntiniMrnlion  l«  nuniriK  infnnU  may  uiuu  naslric  irritation  (UfcDcrr,  iql3). 
iflilt<alioii  by  puncrtatk  (vrmciim  utiil  alkalin  U  rtty  slow  and  incomplctr. 
tut  to  ]ircv«a(  pultcfactioc  c\'cc  in  tnt-tubc  txptnmeatt;  it  i*  bfcrior  to 
taUo^Ulc  Of  l>lunuth  »ul>nitinte  (Sollmitnn.  1908).  lt«  antiseptic  action  on  the 
abo  slight.  A  part  eKspci  dccompoiilion  in  the  iotc^iines  and  pa»n  UO' 
.  into  tbe  (occii — 5  to  8  per  cent,  in  tlie  tipcrimFnii  of  Rondxyctki  and  Hum- 
)09;  bvt  doulitlcM  often  inucb  mori-.  If  i;>^'>'n  in  c*piuln.  it  ma^'  be  found  in 
t  atnyttaHt." t«l6l cakuli"  (tirat^ntd.  iSq;},  furroM  bv  the  putiol  ttudon  and 
lfiutloRortbeuIoi{C.  R.  MiirfJi.tll,  iSq.-).  Itihould  tbcrcforcbcadaUeittcred 
led  u  eiauliioa  fli  with  iiidiflcieai  powden. 
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PXtCI-AKAnuNS — SALOL 


.  U  S^UjtAt  (Phenyl.  Sa].),  U  S.r.;  S.iW.  «.P..  C.H,(OH)COOC,H,.— 
mtaDine  powiler,  of  fainl  acomalic  odor  ami  taste.  Very  slighllv  Jol.  in  water 
)K  (rccly  tol.  in  ali:.  {i.*)))  vcq'  uil.  in  Uml  or  vniatilc  oil*,  boit,  0.3  Gm., 
'.S.P.;  0.3  to  i.t  Cm,.  5  to  >a  ki..  B  I'.,  in  powdrrs,  gowially  with  bismuth, 
lly,  M  5  per  cent,  oiutnicnt.    Maximum  don,  1  (Im,,  30  gr. 

»TL.(jnraOLIIC-CARBOXYUC  OR  PHENYL -C  INCH  0  MI  NIC  ACID 
K  (ATOPHAN) 

Ftonntila  of  this  substance  (CtlUK  '  C«Hi  ■  COOH.  3:4)  shows  its 
0  to  quinolin  and  salicylic  acid.  It  has  the  antipyretic  actions  of 
In,  and  like  salicylic  and  it  i»  analKcsic,  aiuirheumatic,  and  in- 
.  the  escrction  of  uric  acid.  In  the  last  respect  it  is  much  more 
it  Ihan  any  other  drug.  It  was  prepared  by  Doebncr  and  Giesecke, 
lad  introduced  by  Nicolaicr  and  Dohni,  t^oS,  fur  tlie  treatment  of 

Kt  on  Uric  Add  Eliminition.— The  excretion  of  uiic  add  \a  greatly 
icd.  sometimes  more  than  doubled  by  ihcrapcutic  doses,  c\'cn  on 
iD-free  diet.  The  increased  escrclion  begins  within  an  hour 
Dum  in  three  hours)  and  lusts  only  so  long  as  the  drug  is  continued; 
followed  by  a  compensatorj'  decrease  (Hasluns,  1913).  With 
lied  admini^ltalion,  the  utic  acid  returns  to  normal  after  one  or 
lys,  unless  the  diet  contftins  purins.  The  mechani.<un  of  this  action 
lably  renal.  Tlie  increase  of  uric  add  is  often  so  great  that  it  pre- 
th  in  the  urine  before  it  \i  paj^ed.  In<leed,  atophan  apparently 
res  with  the  urate-solvent  action  of  the  urine  (llaskine,  1916). 
ine  is  of  a  dark  color,  due  to  urochrom  (Skotczewski,  1912). 
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In  other  respects,  its  compoation  and  quantity  uv  not  DOUUy 
changc<l.  The  leucocytes  of  tJie  blood  are  sIbo  unsltrnd.  Tbe  mnc 
acid  of  Ihe  hhwi  U  diminished  by  the  increased  excretion  (Folio  and  L]^ 
man,  1913;  McLc^tcr,  1913),  but  soon  reaches  an  imdndble  nnii- 
mum;  Mkm  being  no  further  lowering  even  if  Ihe  ftdminiaimiian  is  con- 
tinued forty-five  days.  When  the  administration  is  stopped,  the  initial 
cooceDtratJon  is  restored  within  two  to  four  days  (Fute  and  Chace,  1414; 
Frank  and  Fictrulla,  1914).  Th«  effects  on  the  blood  were  abo  studied 
by  Base,  1914. 

OOmt  Cliaiite*  in  the  Ilriw,.— Skotcwinki  oxtA  Sohn,  19IJ.  [o<u»d  ui  iacKMC  il 
(Htnn  bMcs  axA  of  neutral  lulphur  (jwnttd  to  iltc  urochrocDi  Skorcarmki,  iQtj); 
ntentioQ  of  cfaletid*  *nd  the  diuo-rca<iioii.  t'romh«rc,  igii,  did  not  fiad  tbe  u(k 
add  iimcMed  ia  dog»;  but  Surkcnttcin.  191 1,  roMrti  incicasc  in  nbbits  sad  dnpi 
with  dhniaished  tlUntoin.  Scbitlcnliclm  and  Utfanuui,  igij.  found  no  laocaae  <i 
■Ilsnloin,  bul  lughcr  total  N  cxcietioa  in  dogi.  Biberfeld,  191J.  foiwd  no  incrtaat  b 
purin  bases,  but  incrcuc  «t  photphkte*  m  dog*.  McLcMer,  tgi^  find*  an  tacnvt 
in  i))e  quantily  d  urfnc  and  ol  lui«t  nltrouen.  Elsatt,  1915,  reports  the  euveiioa  d 
chlorid  and  total  nitrogen  as  ofun  diminished.  Kcul-fuactioa  test*  pva  [ncoaiuat 
rtsulls. 

The  crtstin  content  of  the  blood  Is  not  decrcMcd  (Denis,  loij).  In  birds,  (he  otic 
add  b  dccrea-i.-'l.     The  atophan  ilulfii  oxidiied  in  the  beiUM  Bncba*  (Dolira,  191  *}■ 

Median ifln  of  Actii>n. — This  hns  been  attributed  to  iacrcaKd  dcatinctiaD  at  nadM- 
proteiiM  ISlarkcnHKiii,  i<;ii;  Sdiillenhrlm  and  inlmonn;  Relalaff.  iqij);  (o  i&CTTMcd 
elimlnative  aotivity  of  the  kidneys  fur  uric  acid  (Wcinlraud;  Bauch,  igii;  FuUd  bbJ 
Lynun,  191^;  Fine  and  Chnce,  1914);  to  coovenion  of  adiorfacd  into  Utrable  uric 
add  (Frank  and  Pielrulla,  1914);  to  an  intcflinni  anion  (Abl}j  and  to  increaMd  fonna> 
tlon  of  uric  acid  hy  li-uencd  oxidation  ol  iti  purin  and  nuclon  pftcuraon;  pcrbapaM 
the  result  of  it*  more  rapid  eliminBlion  (Dohrn;  Frank  and  Pro/edborski;  Sfcorctemk^ 
191  If.  Th(r  riicvc  of  ticrctlon- -leittpornry  incrrnt«  fnllowi-d  by  compensatory  d^ 
creaMr — and  the  luwerinR  uf  ihc  uric  acid  concent  rati un  uf  the  blood  iodkatc  iacniMit 
elimination  of  uric  arid  nlrrody  nrtvnt  in  the  bodv.  Weintnud.  and  Frank  am)  n»- 
trulla,  1914.  I'lnd  thai  uric  add  mjcctci  into  the  blood  is  ticrel»d  more  rapidly.  Tbe 
urate  cacretion  is  not  increased  by  alophan  in  kidney  discax  (Fine  and  Cna«,  l^if). 
The  absence  of  Increased  phosphate  chminatlon  speaks  afainil  dcMruction  of  nadeo- 
pmU-in«,  The  decrr&'H;  of  allantoin  Indicates  dimlDishcif  dntructiofl  of  ur(c  add  n 
animals,  but  this  might  be  different  in  man.  In  surviving  oigans,  atoptiaa  doM  aM 
Imoch  the  destruction  of  uric  acid  (Slnrkcnstcln). 

Other  Actions.  — LarKc  dwc<  product'  cinvulsioiis,  patsl}-sls  and  coma.  Intravenow 
Injection,  in  rabbili,  is  followed  by  stimulntion  of  the  vajjus  and  va>omotor  centers; 
these,  as  also  tlic  respiratory  center,  arc  finally  dcpreued.  Tbe  pupil*  are  coaattictedL 
even  after  alropln.  Alophan  uIm  prcvcnii  a.?puyala]  and  puncture  glvco«aiia,  and 
diminishes  mustard  chemosis.  It  lon-ets  temperalurc.  even  in  noftnal  nbbits.  T 
■ction*  resemble  calcium  (Slarkrnslcin  and  Wicchowski,  1914). 

Atophan  inhibits  completely  Ihe  enuttration  of /cMocyfo  la  theiaSaned  frog's  1 
eoter>-.  and  eihihiis  in  this  respect  a  putcniiaied  synerguim  witli  qufaln  ilkcda,  1916). 

Therapeutic  Uses. — The  mobilization  of  uric  add  was  supposed  to  be 
useful  in  gout  by  removing  it  from  the  blood  and  by  dissoK-ing  the  tophi' 
The  uric  acid  and  the  non-protein  nitrogen  of  the  Wood  are  in  fact  lowcred- 
by  it  (Folin  and  Lyman,  1913).  Zuelzer,  1911,  states  that  the  increase 
of  urate  cxcmion  in  gout  is  mc^re  markerl  and  prolonged  than  in  healths 
Fculgcn,  1912,  dajms  that  the  tophi  arc  actually  decreased,  at  least  ii^ 
some  cases.  Cliniojilly,  however,  aluphan  is  much  less  efficient  in  t^hroniC 
gout  than  in  the  acute  attacks  and  in  non-uralic  joint  affections,  "*' 
throws  some  doubt  on  the  uric  acid  explanation,  and  makes  it 
that  atophan  acts  similarly  lu  salicyl,  perhaps  as  a  specific 
In  agreement  with  this,  Klcropcrcr,  1913,  found  derivative*  wWch 
the  uratic  action  equally  efficient  clinically.  In  acute  gout,  it  ca 
prompt  subsidence  of  the  pain  and  swelling.  In  rheumatic  fever  it 
acts  promptly,  similar  but  somewhat  inferior  to  salicyl;  but  it  is  sotne 
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fccti^'e  when  salicylate  fail  (Odlcr,  191a)-  The  same  applies  to  other 
joint  aSections. 

Side  Actions. — The  prccipilaiion  of  uric  acid  contraindicalcs  its  use 
in  tirate  calculism.  It  is  generally  free  from  other  unpleasant  cffecu,  even 
in  iarge  doses;  1>ut  oooDiionally  it  produces  vertigo,  complete  anorexia, 
csrdiac  distress  (Locning,  1913)  and  puqiural,  urticarial  and  scarlatini- 
form  skin  eruptions  and  fevers  (Mueller;  Phillips;  Herrick,  1913;  Ma- 
rafion,  1014)- 

Administration. — The  dosage  of  atophan  is  from  0.5  to  i  Gm.,  8  to 
15  gr..  three  or  four  limes  a  day;  or  0.5  Gm.  ev-ery  hour  (or  six  doses; 
suspended  in  large  quantities  of  water.  To  prevent  the  precipitation  of 
urates  in  the  urine,  Weintraud  advises  the  administration  of  15  Gm.,  J^ 
ounce,  of  sodium  bicarbonate  (or  its  eq«i\'alcnt  of  acetate  or  citrate) 
on  the  first  day,  and  k  to  10  Gm.  on  the  succeeding  days.  In  gout,  the 
diet  should  be  purin-free. 

PREPARATIONS ATOPltAN 

'Aeidam  PkfnyUinehoninUMm  (.\dd,  Pbt-nylciocli.),  U.S.P.  (.\(epha.a;  Phenyl* 
quinolin  <a(boiyiic  luad),  C»Hi  CiHiN  -(COOH). — Small  calocl«H  nesdks  oc  white 
pow(kt;  odorleis;  hiUcr  tnstc.  Almost  insol.  In  water;  i^lighlly  »ol.  in  nlc  (1:115); 
»ot.  in  alkalies.     Dose,  o.;  Gm.,  8  gr,  U.S. P. 

Smatafhon. — Thw  i»  an  ethyl-methyl  ester  ol  atophnn.  It  has  the  trifling  ad- 
vanl«)[«  ol  bfins  pr*ttically  taatclcss,  but  secras  to  be  *U([liily  lew  clleclivc  (Hs&kins, 
1913).     Otlici  [i-tutiMl  compaunds  hav«  been  inve;Ci)tated  by  Impt-ns,  igii. 
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QUraiC  ACID 

This  it  hexahydro-lelraoiy-bcnEoic  iu;id.'  It  "jccurs  in  cinchona  b«k,  eoffee  »nd 
iHAny  otJicr  plants.  In  man  (ii1>o  in  iHbbi<>,  not  in  <!og^;  Slailelmann,  iS;g)  il  is  largely 
trauformcil  into  benzoic  acid  and  ricrctcd  as  bippuric  acid  i.Lnutrmitiin,  iS6]J. 
W<iu,  1899,  cUimrd  Lh.Tt  it  le^cned  the  formation  oluric  acid  and  thut  it  had  t.  bcn»- 
ficU  cflcct  upon  gout.  llrcfi'UM'd  urate  cllniin.'klioii  tiM  also  daimud  by  Focri'lcr, 
■900.  Sevetw  observe!^  iFpurti;d  clinical  benefits,  and  various  compounds  wert  placed 
on  the  muket  {urosin,  tia/intsi,  fliinttlrnpin,  etc.).  Further  obscrvntions.  however, 
showed  the  ellcclt  tube  InconBtant  (Dcljwamp,  lyoi)  or  ralhcr  negative  (Hupler,  kjoj: 
Falavatl  and  GIc«,  1903:  Waucumoni,  iijt  i)-  Uenis,  ti>i;.  found  neither  increase  of 
vKle  elimination  nor  dcctca*c  of  the  urate  content  of  ihc  blood. 

SACCHARIN,  BENZOSDLPHnraD  OR  GLUSID 

General  Statement. — This  suhsLtnce,  also  sold  under  many  other 
trade  names,  h;is  the  formula,  C»H,  SOj -CO  NH,  and  is  the  anhydrid 
of  ortho-sulpharoidc-benzoic  add  (the  para-isomcr  is  not  sweet).  In 
common  with  a  number  of  other  henzol  derivatives,  it  has  an  intensely 
sweet  taste,  even  in  \'cry  dilute  solutions.  It  passes  through  the  body 
almost  quantitatively  unchanged,  75  to  90  per  cent,  being  excreted  by 
the  urine  within  twenty-four  hours,  and  tne  remainder  in  the  [ece». 
Consequently  it  has  a  very  low  toxicity.  Small  doses,  up  to  0,3  Gm.  per 
day,  continued  for  ninnths,  produced  no  deleterious  effects,  so  far  as  ascer- 
tainable by  available  methods  of  investigation.  Large  doses,  0.75  to 
i-S  Gm.  per  day,  are  also  practically  harmless,  except  lor  occasional  minor 
diiituclNincesof^digcstion  (Ifffterand  Folin,  191 1).  Single  doses  of  5  Gm. 
have  been  given  without  much  effect  (Addiico  and  Mosso,  1887), 

Uses. — Saccliarin  is  used  as  a  substitute  for  sugar  in  diahetes  (tablets 
of  0.03  Gm.,  H  gr.  =  an  ordinary  lump  of  sugar);  as  Savoring  agent  and 

>  Qiiiaic  uid  •  CiIIr(OH).COOH4-ntO. 


i;o8  UANUAL   (»'   PUAKUACOLOGY 

adulterant  o[  sweet  foods:  tinil  as  a  mild  anti&eplir  in  fi'Tmcntativc  d\> 
ftia  (o.j  Gm,,  j  gr.,  several  tiinea  daily).    Saccharin  its«lf  is  but  li« 
solutite  in  water,  but  its  sodium  salt  "soiwW^  sMtkarin"  dissolve*  rcad->l 
It  may  be  jirepared  by  adding  J^  pari  of  sodium  bicarbonate. 

SwMlODioK  Power. — This  is  about  500  timm  m  skM  as  thsl  o(  cane  ntgai.    f  C 
perteplible  in  dilutionfi  of  i;ioo,i>x};  1:10,000  Is  ngrcckbly  titxct;  with  i:t,oo^ 
Becoiac*  Utt«r  and  dUuerecable.     Even  vtiih  the  mure  ililute  wlutknu  Ihc  tf^iiitjr 
the  lute  Is  somewhat  itirtrrcnt  from  susat  and  on  continued  use  the  penutenliweettt^ 
berames  very  object  tunable. 

BSectt  a  Continued  Um. — Long-continued   and  detailed    lar«li|tBiIou 
made  lor  tbe  Referee  BciarO  bv  Herlcr  and  Folin,  1911;  llctlcr  Hdmiuiitered  the  todii 
Kilt,  Folia  the  free  Miccharin.  fa''»[iiaU"  doiM  too.}  Gni.  [icrday,  aad"UiXC"doK» 
a.jS  to  t.5  Gm..  coimiHindinK  ia  iweeienins  powor  to  tjo  Om.  and  t0  37j  toijoO-v 
oteanesuKBT  respectively,    Tnc small  d-.ncbpiodiicednodiKDverablectlcctswnalei-^ 
Thv  Urge  ilfnev  wotc  also  neifjllvo  as  lo  mftitballim  (total  nitrogen,  ammonia,  uik  ic  ~ 
crcjiiiniD,  (.iilphur — ctcept  that  of  the  saccharin — cMoridi^  aciUiiy  and  tifaoiphai'r 
The  kiJnfyi  u*re  not  aDcctcd  (bo  diurois  or  scdhuenti).    There  w-erc  aattmrrat  iym 
t/>tu  or  blood  cluutges.    The  ^j|;«i(iiv  lutKihni  were  »1M  (encrally  unaSecud  {Da^«i( 
and  Mcretory  functioiM  ol  the  utomidt.  I>ulk  of  fecei,  etc.)  even  in  patients  with  lijp^s  - 
or  h>'po-chli>rh>'dTia:  but  occasionally  there  wM  slight  hvpcmdcliiy  and  indicaiiow     «/ 
sliuht  Incrcuo  of  inlcslinui  pulrcfacluiD  (urinary  ox)--acids  Jadkan,  lecal  Hi£^  sUC  «ij, 
indol  and  ftciditjr.     The  (ccaI  gat  flora  remained  uneUansed).     In  vi'lrv.  the (fioct^c^ 
of  all  the  dimUve  IcrmcnU  w.it  n»i  aliered  by  the  eonecntratiotis  whkn  nuchl  occur 
in  the  body  (eiceiit  by  the  oeidit^'  u(  free  !iui:i:faar[n.  a  factor  which  had  brni  De|l<c%«ij 
in  Home  of  the  CAtlicr  in\-e»tigBlion«;  Kiegicr,  iSg;;  Matthews  and  McGoigJA  *7^%}. 
Tlie  anlhfplU  tttit-u  was  very  sligbt. 

The  older  titeratUK  contains  ccporls  of  dtRcsti^'c  nmt  other  dboeders  (Brtmriw  lu. 
t^oo),  ci^pccinlty  after  continued  uk  (v.  Jakscli);  but  thcie  otMervaiioM  wereaola^dr 
with  Ibe  same  d^roe  of  accuracy. 

Th«  t0zl«4ty  roc  animals  \i  very  low  (Adduco  and  Motsey  1SS7).    Mauhrm  mii 
McCuigon  obaert-ed  deproidan.stupor.convuliioni  »nd  Dq>hHtIs.    llcr(er,i 
iiiic  miIudIc  saccharin  to  rabbits  br  slom&ch,  found  no  cHecls  with  4  to  j  Gnt.p(rl 
sram:  double  tlus  dose  was  fatal  in  two  boun,  the  autopsy  abowiat  vMcM  | 
intcTilinul  ifrilallon. 

Use  tA  Saccharin  m  Foods.~Thc  preceding  inve^llRatlauAinr^^ 
no  serious  damage  m^ed  be  a|>prehended  from  the  (lUiintiticSfllwdM'' 
which  would  ordinarily  be  u^cd.  Larger  quantities,  however,  te«^  * 
produce  minor  derangements,  which  could  perhaps  become  more  »^**f 
tuated  in  pathologic  comHtions.  For  this  rca»on,  and  because  sacct**^. 
has  no  (ood  value,  its  indiscrimmatc  use  as  a  mere  sweetening  **" 
should  be  condemned,  except  in  cases  in  which  sugar  is  iiittdmiMuilf- 


PREPARAtlONS — liACCHARIN 

•  BrweiuifkinidMm      (Bensosulphinid.).    U.SP.;    CliuUum.     B.P.     (SoccC*-*^ 
CaHi'SOj-COKlI,  Um  snhydrid  ol  orthosulohanido-bcnulc  acid.— Wiihc.  a\** 
powder;  odorless,  or  ha\'ing  a  faint,  aromatic  odor,  and  intenMJy  tvm%  tone  in 
•olotloB.    Slightly  sol.  in  water  (t :  ta);  sol.  in  olc  (i  iji);  «iily  sol.  In  alkalm. 
0.1  Cm.,  4  gr..  U.S.P.  ^  fl, 

S«Jii  BfnfMulfbinldum  (Sod.  B«4ua>u)phia.),  U.S.I>.  (Soilium-Sacehsrin).  Nk^^dl 
NSO,  +  jHiO. — t^lorlesB  priuns,  or  white,  co'staUine  powdo]  odorlcMi  l«l^"^ 
sweet  taste.    IMk,  0.1  Gm.,  j  gr.,  U.S.P. 


METtm,TH10HW  HTTDROCHLORm  OR  METHTfLEHE  BLOB 

This  dye  (tctramcthyl-thionin  hydiochlorid)  was  introduced  on  '    . 
basis  of  its  selective  coloring  power,  under  the  iK-Ucf  thai  this  Ini> 
cqiiallv  selective  actions.     The  expectations  were  disappointing.    1- 
of  rather  doubtful  value  as  an  analgesic  in  ncuralgiii,  neuritcs,  scUtiA* 
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S3  antizymotic  und  antip^Tctic  in  mataiiii;  as  andseptic  in  cystitis, 
urelhrilin,  cunjunciis'itis  and  slun  diseases;  and  as  a  test  for  ktdcioy  func* 
tion.    It  colors  the  urine  green  or  blue  (also  the  sweat;  Tachau,  1911). 

Urinary  An&stpda. — Mcthvlcnc  blue  (1:150,000)  is  aniUcptic  (or  nuic  cultures; 
but  it  ii  n  slow  iind  wp^ik  gnitikiclt^  and  practica.!!/  iuuctii-e  i[i  ihe  Iruutilurm.  in  whid 
it  U  ciiictn)  in  the  urine.  In  diiscaof  0.4  lo  o.d  Gin.,  four  times  ilaily  (or  tevcrgl  iiay«, 
it  pcfhajM  id  ot  some  Uic  in  Htaphj'lococcus  L->■^titis;  but  useless  in  urethritis  (Kinmao, 

Toxic  Actions. — Tlierspeutic  rtnacs  st>mciimc4  cause  slight  vesical  or  gattru-lntM- 
ttiul  irritation  (Si^lEert,  N'etx'nwirk..  1915,  p.  ia)',  l>ut  its  lotidty  is  very  low,  thu  fatal 
doK  (or  <iog!i  cxceciiintt  1  Gm.  ptf  kilogram.  Its  continued  use  ii  nlso  hafmless  (Tnn- 
filjcff,  190;).  JljpoiierniicaUy,  it  may  produce  ulcers  and  nbsccsscs.  Intra\'cnou8ly, 
ll  ralMs  the  blood  |]ii-<Mtie  by  a  ilurdiac  aetlon  (Curlounki'l  and  Gautrelet,  iQij). 

Fate. — Methylene  blue  h  distributed  through  nil  the  tissues  [localluition  in  kidncy«, 
O.  n.  Shafer,  igoH),  but  il  is  rapidly  reduced  tn  colorless  Icuco-^^mpniinils.  TlieM 
arcoudiMtl  when  ihe  tissues  arc  exposed  luaif  (Hcrler,  1^)04)  or  lu  cuuta<t  with  hydri>> 
pea  pcroxid.  thus  restoring  the  blue  colur.  It  is  excreted  in  the  urine  and  feces  Uracct 
ID  _lne  sweat  and  sputum),  partly  unchanged  and  yj^'irtlv  ai.  "mclhvkne  aturc." 
The  latter  is  also  present  In  medicinal  methylene  blue,  being  formed  [rum  It  by  alkalies. 
Both  exint  in  n  colored  and  oolortess  {reduced)  form  in  the  urine  (L'nderhill  and  Cloison. 
IQOS)-  Thi(  h  therefore  rendered  more  blue  by  oridizing  agents  especially  In  ada 
reaction;  and  paler  by  reducing  aicents  {dextrose,  etc.). 

Test  of  Kidney  Punctioa. — o.oi  to  o.,;  (im.  arc  injected  hipodcrmically.  The 
excretion  bcnins  normaily  between  fifteen  M  Iwcnly-tivc  minutes.  Inilljtncarmln  (4 
C.C.  ot  4  per  cent.,  hyiK>dennicallyJ  has  also  been  used;  ai  well  as  ]>lilorhUi[i.  The  use- 
fuloo*  of  these  tests  is  mtich  more  limited  than  that  of  the  phenaUulphoncphthnlda 
Utt. 

PREPARAflONS — METUVLF.NR  BLUB 

UtlltyUliifitintr  Chioridum  fMcthylthionin.  Chlor.),  I'.S.P.  (Mcthyleoe  Blue; 
Tctramelliylthionin  Chlorid.i.^ — Set  to  be  confuiej  -j-il/i  mWAyl  bluet  A  dark*green, 
crj-stallinc  jxtwder,  or  prismatic  crystals  having  h  bronae-like  luster.  Freely  iol.  b 
irater  and  ale  Dose,  0.15  Om.,  2^a  p-.  U.S,P.  Exlernally,  o.s  pet  cent,  solution  on 
mucous  membranes,  »  per  cent,  on  skin. 

Sajii  IndigvlinJitulfilfiiui  {iiod.  Indigotin.),  U.S.P.  (Indigo  carniin). — Blue  powder 
Ot  pule,  sparingly  sol.  in  water;  iiispl.  in  alc.     Used  lor  coloring  Bichlorid  I'uisua 

OTHER  COAL-TAH  DYES 

These  share  the  general  properties  of  the  aromatic  group.  A  number  ore  discuMcd 
la  Other  connottlon.'',  ?.(.,  tuchsln,  scarlet  r&i,  tryp.in  red,  etc.  Basic  dyestuff*  may  be- 
come valuable  urinary  anliseptlo,  but  have  nut  bct;n  sulliciently  wurked  out  (Hinman, 
191s).  Methyl  violet  (Pyolitaiunum  Coeiuleum)  isusedasananttseplit:  (Stilling,  1890) 
In  I  to  4;  10,000  solutUm  or  3  per  cent,  ointment.  Sfarlius  yflliw  lescmhlcs  cocain  in 
toxicity  and  in  some  of  its  actions  (A.  P-  Mathews  and  LonKlelluw,  igto).  Arid  dye* 
arc  generally  much  lest  toxic  than  basic.  Tlie  penetrMon  r>/  </vri  iiUo  cdfr  prcscntu  very 
InterestinK  problem* '(A.  P.  Matbews.  191a).  Biistc  dyes  diminish,  acid  dyt»  increue 
Ibe  tnbllnllon  of  gelatin.  Thismay  ueafaclorin  the  penetration,  but  b  not  a  complete 
cacptuutioo  (Tmube  and  Kochlcr,  i^ij).  The  \itnl  staining  and  the  toxicity  of  acid 
jiiM  b«uc  djies  arc  not  ^inillel  I  Hucl)cr,  iQu)-  'i'^e  uddltton  of  dye»  lu  other  poituns 
oltcn  mudilics  their  toxicity  [Sellei,  tgit) 

Dyes  scncntlly  arc  excrtttd  more  rapidly  by  the  bile  thnn  by  tiie  urine,  no  matter 
how  Mmmislcred  (Sttla&t  and  Ilengis,  1416). 

nuerMCoin,  N.N.R.  (Resordnolphlbaleln),  the  anhj-drid  of  Quorcscdnic  add.  in 
tbe  form  of  its  soluble  potOMium  or  sodium  salt  (Uronin)  is  used  for  its  peculiar  staining 
naction  of  the  cornea  iindconjunrliva,  to  reveal  epithelial  injury.  This  was  discovered 
by  Ehrlich,  i38i,  and  intn>duced  by  Ilamberger,  njog.  A  1  |>v'r  cent,  solution  dropped 
into  the  eye  does  not  sudn  normal  tissues,  but  produces  beautiful  yellow  and  green 
tints  OD  any  abraded  parlaor  ulcerations  about  foreign  bodies,  etc.  Given  by  mi^ulb, 
the  whole  body  becomes  of  a  jaundice  color,  wliich  di^uppeur^  in  twenty-four  huun. 
Htrc  also  the  normal  eye  is  not  colored,  the  djx  being  retained  in  the  posterior  chamlwt; 
but  in  (he  presence  ot  intraocular  disease.  Klauruiiia.  Mils,  etc.,  the  a<)ueous  humor  lA 
colored  bright  green  in  about  twenty  minutes,  thus  diflercutialing  these  diseases  from 
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conjunctiritit  iS  widdi  there  u  do  colontlon.    Tlic  deir  b>-  raooUi  fw  tdirit*  ti ) 
(>ni.,  (oc  childicn  !■{  to  >  Gul,  In  water.    Tbii  prcsrats  do  dojicet. 

Rttml  PtmeHon  ruf.— ThU  b  dcKribed  by  StnuM,  1913.  Sod.  Fluonantn.  1 


In  a  CUD  of  lea,  U  ffvm  on  u)  empty  ttomacb.  Nomully,  it  nppcan  ia  tbe  uriat  ( 
Men  wlicD  ftUuUinc)  in  tea  to  twenty  minute*,  and  iMti  thirty-five  to  (oity  he 
In  rennl  dUcMC,  it  appears  later  and  lut*  Umgcr.  The  tUn  coay  be  vlaincd  tlix' 
yellow,  but  there  are  no  other  side  effects. 

Boiin.— Kost,  1915,  found  itt  wal  adminii.ttntioin  hirmlrtA  in  man  itnd  animal^"      —^ 

Ba^  Fuduln  (Gruoblcc),  para-rcsanilin  »:ctAlc,  «fu»  ^idvbed  by  May.  igii,  ' 

DoiueUy.  1014.  MalotiaooTointnieat  (i  percent.)  (or  utccn  and  bums.     lli>  ~~' 
tic,  non-iititont.  non-toxic,  and  teem*  to  encouroee  ejHthelial  growth  and 
The  color  mixy  be  temovca  (tom  the  sidn  hy  alcohol. 

OratiMi  >nolet.^Thi«  cmnUnec  ■  relatively  hlBh  toxidtv  to  baclerin  with  ■ 
twddtv  ta  Mghcr  liuiiier.    Riuad,  )4i4.  (or  instance  found  t  nat  ti»oe  allium  are  t 
toiured  by  concenlratioiu  which  kill  Mctcria.    It  it  praciictJIy  IncflKllvc  acalc 
tetanus,  however  (Hall  and  Taber,  1914)1  rabies,  etc.,  also  ^howed  poor  uicceu  (Cliu 
num.  19(4). 

RuoreMent  Substtac«fi.— V.  Tappdnci  and  Roab  (looj)  have  found  thr  Su< 
cent  substances  are  t'ery  dcatmctive  (o  all  form*  of  life,  and  also  to  ferments  attil  toil 
but  ihnt  the  cffecta  ajipur  iSnly  in  the  prtscncc  uf  the  specific  light  rayi  which  nii 
tbe6aansc«*icc(Rcvicw,Tappc:incr,i9a9).    Todna  ore  very  siucepttUe  to  '    " 
(Noguchl,  1906}. 


MISCELLANEOUS  ANTISEPTICS 
FORHALDEHYD 

Oeoenl  Statement.— The  itldchyds  react  chemically  with  an  txc 
ttoaally  Urge  number  and  \'ariely  of  organic  substances,  anrongst  othr 
vrith  proteins.  This  i)robal>ly  explains  their  actions  (I.iebreich,  iSijj 
Formaldehyd,  HCHO,  eajwcially  h  very  strongly  germicidal  and  is  Urg 
ust-'I  1  .1  ■iisinfeclaiii.  Tl  hardens  ihe  tiitstie*  on  local  contact  awl  ihi 
proilii .  ,  irritation.cspcciallyof  mucous  membranes.  Its  systemic  tou^l 
is  rtlaiivtiy  low. 

Formalilehyd  ts  a  colorless,  irritant  gas,  prepared  by  the  Oxidation 
methyl  alcohol.     It  is  frcoly  soluble  in  water,  and  is  found  on  the  maria 
in  the  form  of  a  40  per  cent,  solulion  {Formalin).'    The  solutions  tei^M 

gradually  to  become  mactivc  by  the  formation  of  the  insoluble,  polymeri 

trioxymethylen  or  paraform,  (HCHO)j',  especially  on  heating,  but  tom 
what  also  on  standing.     The  latter  may  be  prc%'cnted  by  rhcmic  mca^^ 
(caldum  aalla,  methyl  alcohol).    Triox>-methylcn  again  yields  fonBaW'  — • 
hyd  by  dry  heat. 

Formaldchyd  is  converted  into  hexamethylenamio  by  ammoaia  — * 
ammonium  salts. 

Other  Aldehyds.— Aldch)-ds  contain  the  CHO  croup  linked  with  ocfank 
Acet^UiIchyi)  ^<1  purnldchit-d  are  somewhat  antiseptic,  bat  more  markedly 
Thi*  narcotic  action  it  opcdnlly  pinminciit  in  trichltir«ldebyd  (diloral). 

AcriMit.  CHtCMCIIU,  rnuitmu  from  ibc  dccompouuon  of  gtyttriabri 
beat,  a  highly  irritating  and  but  liltle  antiseptic  CI''racnk<l,  AraiMlmittrl-*>-t)ik,  p.  «• 

HistoticaL — FormaUiehyd  was  discovered  by  von  lIoAmann,  i8<i7|  iu  anii 
aedoQ  t>y  Loew  and  Fischer,  iSM.    Aronaon,  1804,  showcil  ihul  ii  abo  dcstra)«l 

Raaclian  of  Fonnaldefayd  with  Proteina.— FormaMriiyd  cater*  into  ntheri 
compoaads,  which  arc  predpitutod  under  suitable  conditions,  [ram  wUdt  t 
■nilodiyd  and  the  od^nal  proteins  may  be  oondeieljr  rcRCDerated  under  otb«< 
dilMwa.    "Die  literature  to  1897  b  ^vca  by  Benedicenli.    With  albumcaes  fS(fc< 
■061)  and  presumably' with  other  proteins  the  oomnound  containii  definite  jautWr^? 
M  formaUehj-d,  slbunwoe  and  ulluli.     It  Si  precipitulcd  b  trcakly  alkaline  idU^^^ 

■Ismaklaa  tuluilooiudkalvrnttrtBatb.  it  li  thcrriore  ntemarr  to  takisH  tli 
Ihs CDOiBarcul  tululuaiu  watU  be  required  iif  tT»iliilii  fiilisaMihiil 
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dSSMlvrtt  vUn^tecampcwilutn  by  itrongct  nlkalicc,  and  h.  decompiled,  CT  it>  fomu- 
tion  prevwn^lT  veok  acidi  uad  by  exic^  of  n«ulTal  yihi.  Even  undsr  th«  iBMt 
(•voritble  conditwis  Ihr  cumbin^illoa  U  completed  ilowly.  It  is  haxtrncd  by  mc:rcaM:d 
oonctntrjiiion  of  fMmnkUh} d.  (irntdn  or  alludiiuty,  and  by  hcAI.  (Tlii»  cuinbinuliun 
ha*  »Uo  been  iowsiidjucd  by  Schryver,  igii).  The  precipitate  also  conuiu  n  luriher 
quantity  of  [(iiniildrliyd  mecbbniciLlly. 

Other  Chemic  Actions. — Formalcfchvd  retards  or  prfwnti  Ike  (oat-idttiinn  and  tpon- 
IdiWUM*  lakint  of  thai  Mood,  when  added  in  the  pcoportion  of  :  :  joo  to  400.  Uric  aeid 
ani  watts  are  dissolved,  at  tbclr  precipitation  \t  prevented,  by  the  formation  of  toluble 
ooi^ounds.     Vrra.  an  the  oilier  bond,  forms  tin  inftolubli:  cumpound  vrilh  (ormaldcbyd. 

Digestive  Ferments. — TTic  dinalibilily  of  fibrin  and  ihe  ccmguUlnliiy  of  cimrin  are 
'nisbcd.  t'orm.ildeb>*d  iil^o  Icwcns  the  .liTlivity  of  ccrtnin/rrmriilj,  n.imely,  paiMiin, 
.in.  ptyalin.  and  amyloiKin:  whibt  pci»in,  rconin,  and  malt  diastase  are  but  liitit 
altered. 

Antiseptic  Actioii.^Formaldehyd  i»  one  of  the  most  powerful  disio- 
fectants,  of  relatively  higb  pi-[j|-|rpii"m[;  |)ffwiT,  harmless  to  mculs,  fabrics 
and  colors  and  of  relativelj'  Jow  tojudly.  On  account  of  its  irritant 
cflects,  its  use  on  the  body  is'  inadvisable.  It  is  employed  particularly 
tor  the  disinfection  of  rooms  and  excreta. 

Antiseptic  Efficisncy.^FotmaldeUjd  is  very  much  mote  effective  as  an  antisefMic 
than  «»  a  ({ermidde.  Its  activity  vanes  for  different  organismi.  Typhnid  badlli,  witli 
expomrtof  Iwcnty-fotir  hours,  arc  killiid  by  [  :  Oooo,  completely  re«traAncd  by  1  ;  iCooo: 
partly  TAitralned  by  i  :  30,000.  1  :  40(000  Is  practically  infflirctive  (Uyman,  1914);  all 
tbe  concentrations  refer  to  absolute  HOHO.  Solutions  of  1^  lo  ;  l.j  per  cent,  destroy  all 
bictcri*,  Bporct  nnd  tuxins,  tn  six  to  twanty-four  hours.  The  gin  ih  timil.iily  antiseptic, 
etpedally  when  it  is  moist.  The  aclitily  is  increased  by  ucids.  presumably  by  prevent- 
ing combination  with  the  proteins  of  the  medium.  (Further  details,  J.  F.  .Anderson, 
1897.  Hyg,  Riill,,  39;  Hinmnn,  191J.)   j 

PncUcsl  Application. — Ftcri  are  miked  n-ith  iq  per  cent,  of  the  commercial  solu- 
tion. This  deitroys  the  odor  almost  immedintely.  but  to  insure  complete  iBiinfection, 
tfaeyslKiu)dl>cleft  in  contact  for  anhoun  TidierfulaT  rp»iHm>houldlK-disinf('<led  with 
S  per  cent,  of  the  commertial  solution  for  an  hour.  /iwlriimesJj  and  other  articles  may 
be  [jj^^ed  in  1 V^  to  5  per  cent,  sobilion^ijof  formntin. 

The  Disinfection  of  Rooms.— Kormaldch yd  vapor  Ia  ihs  most  cllectlvo  lUsinfectant 
aRainsI  infectious  discisei.  It  hin  |jjuten|enetrmtiye.  noaac:  and  does  not  destroy  mos- 
quitoes or  other  insects,  nnd  is  therefore  interior  temulpnur  diond  against  malaria  or 
ytUowtevcr  (.MeClintock,  etc.,  1911).  'I"hc  form&ldehvd  vapor  may  be  Kcrcf«tcd  l>y 
■pedal  apparatus  involving  the  incomplete  combustion  ol  methyl  alcohol  or  the  vaporiia- 
lioin  o(  trioiymethylcn. 

Perhaps  the  most  convenient  effective  mcthodof  cvolvinelheRosUby  jWnmncimoW 
(DoCTT  and  Kaubitscheic.  1907);  for  a  room  of  i.ooo  cubic  feel,  i  pounds  of  polasiium 
pcnnanguule  ate  pluced  in  a  j-KBllon  pail  and  this  is  set  in  a.  large  tin  can  containing 
water.  When  everything  Is  reAdy,  3  (juarts  of  40  per  cent,  formnldchyd  me  poured  on 
the  p«niiaat:nnal«.  the  ruoni  U  vacated  immcdbtcly  and  Icit  closed  (or  at  least  twulv* 
hours,  then  thoroughly  aired  (Iloxie). 

Fallowing  a  su^estion  ol  Rosengaitcn,  S.  G.  Dixon,  1014.  ndvincst  n  chromittlc 
ndxture  for  vBporbmi;  the  formaldchyd.  A  solution  o(  i>^  Quiduunces  of  concentrated 
■ulpbufic  acid  ajid  t  pint  of  U.S.P.  Formaldehyd  Sol.  is  prepared  in  advance  and 
Iceepa  perfectly.  When  needed,  it  Is  poured  on  10  ounces  of  sod.  dlchromntc  crystals, 
wluch  nave  bwn  spread  in  a  thin  layer  in  a  vessel  o(  len  times  the  caprtclty  of  Uie  In- 
Kiedients.  The  ^as  is  liberated  more  rapidly  Ihun  with  permannauate;  the  operator 
must  therefore  withdraw  prompily. 

Simple  iproyinK  with  formaldehyd  suliition  (8  c.c.  per  cubic  meter)  is  also  used. 
Evaporation  of  formaldehyd  wlulion  by  heal  is  wasteful,  but  may  be  employed  (tjo 
ex.  for  1,000  cubic  feet).  A  t :  ao  dilution,  allowed  to  stand  about  a  roooi  in  saucers, 
isnidtoldlljtio. 

Ap^lcatlona  to  the  Body, — Tbift  is  not  recummended  on  account  ol  the  local  Irritant 
actiod.  It  has  been  employed,  however,  for  the  disinfection  ef  hands  (i  per  cent.);  at  a 
nunlk  viaik  and  gar^  (tj  per  cent.);  in  skia  distmfs  aiui  liyp'riJrinis  (j.j  per  cent.); 
(or  painting  the  ttiroat  in  dipklhfrM  or  tontilUtli  [i]A  tu  5  |>er  cent.).  The napofatiim 
d  a  small  amount  of  the  lotittion  in  the  room  ha:^  abu  been  used  in  luierculosit. 
Uaipalre,  1900,  soggettcd  iatravcnous  injections  of  i :  10,000.  They  were  quickly 
fttwDdoocd. 


UANUAI.  OF   PHARKACGLOGY 


FomuUdiyd  uFood  PreMnaUre. — CanccDtntions  of  cjj.ooo  to  i:  10,000 1^^ 
been  turd,  Mprciany  for  mlllt.    It  h  bolb  Ineffoctivc  and  dinfltmut,  aad  (1  Uxnf ' 
properly  nrobibiletl.    The  ordinary  concenlraiion  (or  milk  (i:to,ooo>  check*  lu'"" 
IrnDcnuiion,  but  dors  r»t  kill  Ihc  tubercle  bHcUli  tfid  is  thcrtfore  of  <|U«»iiadj»-* 
utility.     Wlulsl    It  muy  not   intfrftre  with   dig«»lioa  in  tUn   (Priot,  I904>.  I»  Me^" 
may  produce  mictiiaid  ulccr«  (Schap«.  1005).     It  probably  cauic*  cumulatlvr  «Scc=^ 
Ev«n  the  local  iipptitration  is  Mid  to  leul  i<i  in^anuoatoty  chanKc*  in  the  Hvtt  *~  ' 
kjdne>'«  (Fitchcj,  i90s)>    The  eSccu  on  digoHloii  uid  general  health  are  detoBied     * 
Wiley.  i90». 

Satkomki.  1015,  stalM  that  (ormoldeliyd.  0,6  to  1  Gm.  per  day.  aiMrd  10  the  to 
o(  a  r  1  kllogmm  dog,  wu  well  lolcrutcd  ittd  did  not  ioipoir  (be  utiliiation  cd 

Local  Actions. — I-'ormaldehyd  solutions  or  vapor,  cvxn  vihca  vet 
dilute,  produce  very  atrong  irritation  of  all  mu<^>m  membraHtj. 
msceptlbilily  to  this  irrilation  is  diminished  by  habitttalhn.    AppHcil 
the  unbroken  skin,  it  hardens  the  epidermis,  renders  it  rough  and  whit' 
and    produces   anesthesia.     Repeated    appUcaiion    of   strong   soluti<i 
leads  to  superficial  necrosis  of  the  skin  and  nails  and  to  persistent  ccwn 
(Galewsky,  1905).    Its  application  to  broken  surface*  is  very  painfu 
Isolated  tissues  arc  promptly  hardened.     Formaldchyd  is  therefore  u« 
in  hislologU  Uchnk  in  strengths  of  Ja  to  10  per  cent.     These  effects  ar 
pro<Uiced  by  the  coagulation  oj  proteins.    ITicyarc  influenced  by  the  con 
ccntration  and  by  the  time  of  contact  (Menegxiza,  1913). 

Red  Co^naclM.—ThcM  nre  fixed  by  dilute  (olutloni  uiniUrly  to  otbct  ti 
itrong  M>luuonii  of  cominerdal  (not  of  pure)  (omiBldctiyd  may  ptodare  taking  I 
their formie  acid  (Fr&nchi,  igij)- 

SysUinic  Actions. — The  iKkalalUm  o(  fonoaldehyid  vopon,  even  (of  a  lou 
producer  but  imaW  clfccli.  beyond  the  local  actions  cauting  bitxichitu  ajKipn 
moiii.1.     The  (nrfMKwoiH  injMion  of  •Kilutions  10  normal  Milne  of  a  itrength  of  1:  J,4 
abo  produce  no  immediate  eficct*,  even  in  man.    The  fatal  doie  for  mammab  intravti 
oualy.  i»  about  0,0;  to  0.00  Gm.  per  kilogram;  Ibe  bypodcmlc  dote  b  appradD 
ten  time*  as  muih. 

When  BDpUcd  directlv  to  the  mucoM  of  the  upper  intcatinc  (not  the  lowct],  I 
irrilBilon  ol  Ihc  forauldehyd  producer  an  increased  How  of  pancreatic  julca.    1 
nunt  favorable  cooccntraClon  is  1  lu  i  (ler  cent.,  S  to  10  per  cent,  being  incScclia 
(Pc1clx^^ne  and  Pmecnki,  iQijI. 

PoisonioK  by  SwaUow-lng  Toraaldehird.— A  number  of  tncb  caats  haw  bats  1 
ported.     As  lumniarixcd  by  .MociJtchlaa,  rooo,  the  symptonis  conritt  <rf 
tad  aevere  abdominal  nain;  often  sudden  and  prolonged  Iom  of  conackiuww»,  < 
coQapse.    Deoth  ocvuraln  twenty-four  to  furiy-el^ht  houn.    Tbeautaparibami 

Ctntu  with  croiions.    In  non-fatal  caaes,  the  urute  is  Mppresced  (or  Iwdve  to  t* 
r  hours,  and  then  generally  coBtaiaa  blood  and  catt*.    There  Is  oftot  dianba  1 
tcntMaua,  »ore  ntouih  and  dyspbaffla.    The  recover)-  Is  cntkiusly  npM,  the  paiie 
bdn^  well  within  n  werk.    The  fatal  casa  all  luok  over  j  ounce*  of  the  1 
solutioe.    The  Urgc<(  (guaQtily  from  which  recovery  is  reported  is  60  c.c. 

TAi?  (r<afn<R/ should  cuntitt  in  ibcadmlnliiratlonofdiltiteanimoaU  and  : 
talts,  and  in  lavage.  . 

Fate  ed  the  Fonnnldehyd. — Formaldehyd  is  absorbed  from  all  ports  of  tlie  alinfl*  ^y 
tract  .in<l  luiiKs  (Mciiuigan,  i<>i4).  It  is  not  excreted  a*  auch  (Blun;  PoU,  iRtL^V'; 
circa  with  intrnvcoaus  injection;  unless  very  Urce  doso*  ate  i;iveD  (McUulgan,  if^  *• 
Inpena  and  Rosenberg;  SaJkomki,  lors)-  "  •■  w«i>lr  oxidi*ed  ui  the  iImu  ■  "■• 
cspcelatly  the  liver  (IVihl),  to  formic  acid.  The  oxidation  of  aldehyds  b  aot  dittet.  Iv  *<* 
through  the  "Cannidaro  reaction."  commoBly  observed  in  ntr»  when  aidehjJi  !^  '' 
trenlod  with  alkalis,  sHCHO  +  H.O  -  CHjOH  +  HCOOH.  A  part  of  the  f«<ff  ^ 
add  may  appear  in  the  urine  (Pohl;  Klueber  and  Gerla»ch)j  but  taAll  quantJlJw  j', 
foimk  add  are  also  completely  dniroyed  (Sotlroann.  lOpS).  Sotoe  ol  the  Iitn^^*' 
dehyd  BMy  be  irantformod  into  hnamelhylenantia  (McOnigaa}. 


PREPARATIONS — roRMAUJEHTO 


*£wMr  FormMthydi  (tjq.  FoimsUehyd).  U.S.P.,  B.P.:  Sotuiioa  of  FonnakkliT*' 
(Fomuilln).— A  watery  solution  conuininK  about  37  per  cant,  of  HCOS.    p>ar- 


HEXAMRTHYLENAUIN 

cdodcM  liquid;  pungent  odor  and  caustic  tute.  Miicible  irith  vnttt  and  alcohol. 
A  Ublespaon  in  a  quart  o(  wntcr  mukcs  about  i  prr  c<-nl.  of  nb«olul«  formoldcbyd. 

Uotuir  Formaidtltydi  5dpiinrWiw  (Li^.  Porinaldcliyd-  Sap.),  B.P. — lo  per  cent.  »( 
Liq.  Fotmildchyd;  40  per  cent,  of  Soft  Soap;  jo  per  cent,  of  Alcohol. 

Parajvfmaidthydum  (Paraform,),  U.S.I'.  (Paralorm,  Trio.iymctJiylen),  (IICOtDi. — 
White  friable  masin,  at  ax  a  powder,  having  a  ilight  odor  of  forinBldchyd.  Slowly 
BoL  in  oold  witter;  insol.  in  ale.  or  «h.     /JrMi-,  o,j  Cm.,  8  gi.,  U-S.P. 

It  subUmca  slowly  at  ioo°C.  and  melts  at  1 ;  t°C.  Heated  under  proper  condition!, 
it  is  deoompoMd  into  formuldehyd  and  'n  used  for  the  disinlretiim  of  roomi.  Two  Gm. 
of  pttraform  sre  reiiuired  per  cubic  meter  (js  cubic  (ect  o(  ipacoj.  Formaldfbyd  is 
also  slowly  liberated  at  body  tcmpcrntuie^  pnratorm  has  therefore  been  luagcitcd 
as  an  intfit'tnal  aalUtpticfoos  to  0.1  Gm.rvery  Iwo  hours,  for  children),  but  it*  irrilaot 
actiun  renders  it  objection nble.  Larger  do^n  (.t  to  4  Cm.)  arc  calhatiic,  small  doies  are 
rather  constipating.     It  will  not  cause  serious  poisoning  even  in  laisc  dotes. 

PORMALDEHYD  COMPOUNDS 

These  are  generally  inactive  and  non-irrilanl  in  themselves,  but  re- 
generate formaidchyd  under  suitable  conditions.  It  was  therefore 
thought  that  ihcy  would  prove  valuable  antiseptics.  However,  most  of 
them  liberate  it  cither  too  slowly  or  too  readily.  lIcJULmctbylcnamin 
alone  haa  proved  really  valuable. 

Clutol  (Sclileidi,  iHg6)  is  on  insnliiblc  compound  of  fnrmnldehyd  and  gdatin,  which 
holds  tlie  crcaltr  part  of  the  forinaliioliyd  so  6rraly  that  it  is  prnclically  useleM 
(SoUmann,  1908).  Other  protein  compounds  were  also  disappointing.  Claawn  iniro- 
ducod  u>nij>iiun<ls  wiili  carbohydrates.  Slarch  (nmyloform),  dcxliin,  milk-sugar, 
etc.  Their  fale  nas  studied  by  Jucobson.  lyoO.  Tliere  were  also  combinations  with 
phcnolt,  urea  (Cohn,  iftij;),  etc.  Anhydmmei hylcneiliulM  (citarin)  splits  off  CliiO 
too  readily  (Nicolaier.  1906);  whilst  melhylendisidicylic  odd  is  not  decomposed  in  iu 
pasMgc  through  the  body  (Sollmaun,  igoS). 


HEXAMETHVLENAMIH 

General  Statement — Hexamcthylen-t?tramin,  Nt(CHs)(),  is  formed  by 
the  action  uf  ammonia  on  formaldehyd.  It  is  Itself  ([uile  devoid  of  anti- 
septic, irritant  or  tosic  actions.  Its  solutions,  however,  dissociate  slowly 
with  tlie  evolution  of  fornialdehyd.  Thi*  decomposition  is  favored  by 
the  presence  of  free  add,  and  arrested  by  alkali. 

Hexamethylenaniin  Is  rapidly  absorbed,  distributed  throtish  all  the 
liMiues  and  secretions,  and  excteled  mainly  in  the  urine.  By  far  ihc 
greater  part  is  unchanged,  but  a  small  fraction  is  changed  into  tormaldc- 
hyd  wherever  it  meets  an  acid  reaction;  especially  during  the  secretion 
of  add  urine,  and  perhaps  exceptionally  elsewhere  in  the  body.  The 
degree  of  decomposition  depends  entirely  on  the  acidity.  The  presence  of ; 
free  ammonia  prcvcnls  the  furmaldehyd  liberation  completely. 

Tlic  liberated  formaldehjd  exerts  a  more  or  less  marked  antiseptic 
effecL  The  concentration  is  rarely  sutGciently  high  to  cause  sensible 
irritation,  except  in  specially  susceptible  individuals.  It  never  causes 
systemic  poisoning,  even  with  very  large  doses. 

This  antiseptic  action  renders  ihe  drug  an  effective  prophylactic  and 
sometimes  curative  remedy  against  inlluinmiilions  and  suppurnlions  of 
the  aeaitoatruury  tract.  By  misconception,  it  has  also  been  used  in  other 
conoitions,  where  it  is  doubtful  whether  effective  ({uanlitiesof  torrnaldehyd 
can  be  liberated:  In  typhoid  bacilluria,  infections  of  the  bilc-pass:iges, 
meninges,  respiratory  tract,  and  accessory  sinuses.  It  is  the  most  effective 
of  luinary  antiseptics,  provided  that  the  urine  is  add.     In  alkaline  urine 
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its  effects  arc  nliglit,  and  In  ainmoniaca)  urine  it  is  inactive.  The  tcmltr*^^ 
to  gastric  and  vcsioil  iiriliition  (painful  miclurition,  hetnatuna)  " 
lessened  by  liberal  dilution. 

Hictorict].— The  lubiuccc  »a«  Gnt  prtjMuw!  bj-  But3no«  in  i96oi.  It  *•»  la**'* 
<tucc<t  into  prnrtice  m  a  urinar>'  antlncptic  by  Niooliucr,  t«9S  »ad  1890.  RidMid*^*- 
■EqS.  iKipuiariicd  its  ux  icainst  ly-pnoid  bacilturia.  Cro««,  190^  aODOMtntea  ■■ 
in  bill-  iifi  oihcr  bndy-lluidt.  and  niggcttcd  it:i  admmiitration  ui  Uib  coantctiott. 

Formation  of  Forauddehyd. — Tlic  ttiutlon  bflwocn  unnMiUB  And  (DtiB«ldehy«4     * 
somewhat  reversible,  4N»,  +  6HCHO  ja  N,(CH,),' +  6H/>.     In  wat«ry  ichtt' ' 
the  rcvcrfc  TMClton,  rcsuHintt  in  ibc^  librmticin  of  fortnaJdchyd  occiin  vrty  dowly  m 
cold,  tumcwhat  more  readily  on  hratin^,  cwodaUy  in  the  prtKncr  o4  acids  (wMH)  <•—   _ 
bine  with  the  ammonia).    It  incrciuci  vriih  the  (leKree  otaddity  (free  hydrogen  iov*^'- 
Linl*  il  any  formaldehyd  i*  libctatcd  in  neutral,  and  none  in  alkaline  liqiiidt.        ^^ 
body-fluidt  and  in  Itisue-vx tracts,  the  liberation  procMds  U  In  aqueoat  mlirti^J**] 
(Ilanzlik  and  Collins,  iqi  j).     F^inct  oUmationi^  of  the  proportiMi  of  [r«e  forwaldctaj^ 
have  not  been  made  lor  want  of  quantitative  melhodt  wticn  would  diitingnlah  bet« 
tbi»  and  bexamethylenamin.    The  pieMnce  oi  free  anUBonia  preventa  the  rsactiM, 
it  i*  prrhapH  alio  diminished  by  the  prc*«nce  of  tait%.     It  woald  be  ptoportioMl  10 
concentrauon  of  the  liexametbylenamin. 

An  approxinutc  estimation  of  the  liberation  of  fomuldehyd  wa*  Huule  by  JnrdiM  ■»  ■ 
i9»i.  Incubatlnf^  a  i :  1.000  bcxamethylcnamin  »olutii>n  at  body  temperalnra  »**5 
twenty-fourhoiun.hefound  that  theconcentmiion  of  free  tormaMehydTtacbed  i ;  lo.^'  '"^g 
if  the  mriion  was  sltgbtlv  acid;  ■  :  M0.000  if  neutral.  None  could  be  deoMiantfBK  ^*n 
with  alkaline  reaction,    mndik,  191J,  found  f.imUar  results. 

Abeoiption,  Distribution  and  Excretion  of  HezunethyLeounin.— T'K^* 
alwwrption  from  the  alimentary  canal  is  rapid  and  complete:     Tkt  rscw^^' 
lion  t>y  tlie  urine — the  main  channel  of  its  elinniiation^ — slarla  vrithin  elcr 
minules  after  oral,  rectal  or  hypodermic  administraUon,  rcachca  lu  in; 
mum  in  one  to  three  hours,  and  |Kacii<ally  ceases  in  four  to  eight  hou 
according  to  the  dose.     After  twelve  hours  only  very  email  amounts  .1 
excreted,  although  the  bUxnl  may  contain  faint  traces  after  iwcnty-f™-'**' 
hours  (Sollroann,  iqoS;  Crowe,  190S;  Uumam,  19(3;  Falk  and  Su(iu 
1916).     Approximately  the  same  lime  relations  obtain  for  its  concentK"__-*" 
lion  and  disappearance  from  the  other  Eccrctions  and  tissues.    Its  d.  ~ 
tribution  is  universal,  ^nce  it  has  been  demonstrated  in  all  ports  of  t- 
body  in  which  it  was  sought.     By  far  the  greater  pan  is  excreted  u^  *** 
changed,  only  a  small  fraction  being  converted  into  formaldehyd  in    "™ 
urine.     A  variable  i)roi>ortion  is  complcttly  destroyed  in  th«  body. 

The  Concentration  of  Hexamethyleiutmia. — This  depends  on  the  du<  r"'Q 
the  time,  and  in  the  case  of  urine  ai  least,  very  largely  on  the  ingestion  *** 
fluid. 

QuantitatiTc  Excretion. — The  total  rccovdcd  in  the  urine  varies  from  19  to  Ba 
cent-  <.>(  ihc  duHT  iiiJ  mi  III  tiered  (1  Cm,},  the  hiKhcT  ftpim  corrwpottdiag  U  [ 

water  iniate.    With  toniinued  administration,  three  timei  daily,  the  co(mai(w> —^ 

in  the  urine  nuigrd  from  1  :  1.400  !»  ».;too  fur  dote*  of  0.61  Cm.;  bctwcm  1 ;  i.*M  -  - 

14.000  tor  0.A3  (im.  The  eicrction  is  diminished  in  renal  InpcrmMbQlty  (FA  *^^t 
Sugium,  1916J.  In  other  *ct:rctioiu  and  in  the  titsues,  tbe  coacentratioa  bproW)^^"^ 
lower. 

Preeenc«  of  Free  Formaldehyd  in  the  Tissues. — Tests  for  free 
naldehyd  (as  distinguished  from,  hexamcthylcnamin)  have  been  appli 
only  by  a  few  invcslijtators,    Il  could  occur  only  in  situations  where  ^-_«,- 
is  frt^c  add;  ■.«.,  normally  only  in  tbe  gastric  juice  and  urine.     AxxxaHa^f^^' 
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the  results  vrilh  other  normal  fluids  have  been  unifomdy  negative  (milk, 
Schmid  and  Schroctcr;  saliva,  Haiulik;  bile,  cerol>ro-»piiial  fluid  and 
spuium,   Burnam,   1912;   various  situations,   McGuigan,    191a).     It   li 
cotmivablc,  howe^'cr,  that  acid  reaction  may  obtain  strictly  locally  in 
othtr  Mtualions  under  pathologic  conditions.     Indications  of  this  were 
found  by  Hanxlik  and  Collins,  1Q13.     However,  the  formaldchyd  libcra- 
,   tion  was  so  small  as  to  be  ineffective  (HanKlik.  1914;  Hymoji,  I9t4). 
B        Presence  of  Free  Formaldchyd  in  the  Urine. — I'hc  amount  ot  loimal- 
fcehyd  liberated  di-pcndN  ii|ion  the juJjiiL}-,  ilif  runrpniraijon.  the  tiiuc  of 
HtAsdifig,  and  perhaps  on  other  unknown  conditions.    The  liberation,  may 
■occxir  in  the  kidney  (Burnam)  and  increases  in  the  bladder  (SoUmann; 
Hinman,  1913).     Burnam  found  it  often  absent  with  »maU  doses,  but 
^>eticves  that  mth  larger  doses  the  concentration  of  free  formaldchyd  may 
pxceecl  ijSjOpo,     Smith  found  thai  0.5  Gm.  always  gave  formaldchyd  in 
&cid  uimcs.  while  0.3  Gm.  was  inconstant.     Alkaline  urines  do  not  liberate 
formaldeh)  1] ;  but  the  formalrlehyd  liberated  in  the  acid  kidney  may  per- 
sist for  a  ^ort  time  in  the  alkaline  bladder.     Kidney  disease  does  not 
mcMJify  the  liberation  (Hinman). 

P  I.*E«pcriace  anil  H.  Ciiboi,  tQii,  found  free  fonnnldrhyd  in  nbout  half  the  licxa> 
'BietliyknamlD  tirtn«s  cxamJtiMl.  They  hrlii-vc  that  llir  lilicniion  is  not  nflected  by  tha 
ttoAaf  e  or  by  tbe  reaction  of  the  urinr.  Tbu  contluuon  can  only  hax  c  been  bated  on 
'«ulty  mrthoiU  of  ctlimnling  ihr  iKidiry;  for  G.  G.  Smith,  tgit.  ontl  tlanxlik  and 
CoIUns  (hoTdJ  <li'tin!tcly  ihiit  »11  iiri<]  urines  liberate  lonnaluvbyd.  Smilh  and 
l«niM3,  1913,  alio  found  it  in  about  half  the  ciiaw. 

CoaGeatratioa  of  Ponnaldelifd  ta  Urine. — With  the  procnt  mtber  untclinbk 
■ethods,  Hinman.  i<)ij.  cbim^  Ihiit  Ihit  it  below  1  :  40,000  In  half  tbccasn;  i  :  16,000 
L^5  per  tent.;  «nd  over  1  :  ;,ooo  in  1  pi-r  cent,  of  tlie  urinei. 

Antiseptic  AcAoa.~lIex<nnetky!eHamin  itself  is  tiat  at  all  aHliseplic,  if 
le  liberation  of  formaldehyd  is  prevented  by  alkalies  (Hanzlik.  1913). 
concentration  of  5  per  cent,  is  required  to  check  the  growth  of  Staphy- 
:occu«  in  neulral  broth  cultures;  atul  this  may  be  attributed  to  the  frte 
•rnialdchyd  (Jordan).  The  antiseptic  action  is  always  parallel  to  the 
»ncentrati<>n  oi  free  formaldehyd  (HatiKlik  and  Collins).  Formaldehyd 
-  concentration  of  t^i,qMo  to  ^o,ooohasa  distinct  though  limited  unii- 
"piic  cfiect  (Mosso  and  Paleotti). 

A  tiliieflk  Egectt  aftet  Administration. — Thcie  are  especially  marked  in  acid  urine*, 

mij^ht  be  expected.     Htiwt\'er,  Crowe,  1908,  claim*  that  the  odminii,!  ration  of  5 

S*"!.  |irr  day  aUo  rcncIcrH  (In- bile  and  other  bod)--auId»aali»eplic.     Kxact  ub»rv>tioni 

J**^'e  nut  confirmed  thii  (ItantiLk  and  Cdlini),  and  th«  idea  of  producing  a,  "titrac- 

•^ti»q>«»"  by  its  use  inu^l  be  nbandoaed. 

Therapeutic  Use  as  Drinary  Antiseptic.—Hexamethylenamin  is  by 
^r  ihc  rno'^t  cdcciive  urinary  aiUlNcplic,  provided  that  the  reaction  of  the 
"Hne  is  acid.  In  BWttral  or  alkaline  urine,  its  efficiency  is  practically  nil 
yf*>r»Jan,  191 1).  In  aiQflioniacal  urines  it  would  lie  useles*.  It  would 
'yj^rcforc  be  especially  valuable  as  a  prophylactic,/.!.,  in  catheterization 
,  j»*inman,  1915)-  It  has  also  been  advised  to  prevent  the  spread  of  t)'phoid 
|?*<^IIi  (Kichardson,  1898);  but  its  effiriency  is  doubtful.  It  may  be  used 
I  ™  inflammation  or  suppuration  of  the  renal  pelvis,  bladder  or  urethra. 
*bc  do«agc  should  be  from  0.35  '0  0.5  Gm.  f^  to  8  gr.^  in  half  a  glass  of 
**'er,  four  or  five  time-*  a  day.  Burnam,  1911,  recommends  increasing 
^dosage  until  free  formaldchyd  appears  in  the  urine.  In  typhoid  fever, 
wsame  dosa^  should  be  employed  nmiinuously,  from  the  lime  when 
l>t  dlagnoein  u  made.    If  the  urine  is  alkaline,  add  sodium  phoephate 
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(NaHiPOt)  should  be  administeretl,  i  to  2  Gm.  every  one  to  four  hours 
until  the  urine  is  arid.     This  often  causes  diiirrhea, 

AciduUtion  of  Urine.— Thi;  ofBcial  sodium  plio*phalr.  NatHPOi.  dor«  iMt  alter  Ike 
rcaciiuii  o(  the  urine.  The  ndd  snlt  may  be  picpoted  eitpmporantouily;  ^.  Sodfi 
Photphnt.,  U.S. P.,  [o  Gm-;  .\<.  Phnyplinr.  I)il,,  ij  c-c;  Waicr.  add  ijo  cc.  A  uUe- 
ftuuon  represents  nboul  i  Gm.  of  acid  phosphate.  It  should  be  dilultd  in  a  lumbfer 
ol  woter.  Bcnzoatpi  have  &  tendency  la  render  the  urine  odd  (Jordan,  1913);  sIh 
boric  arid,  3  dm.  iliiih'  {G.  G.  Sinith,  1013). 

Relative  Valu«  ol  Other  Urinary  Antiseptics. — L'sinK  the  ordinary  iherspcatJc  dota 
in  a  noirnil  subject,  Sollmnnn,  1905,  founil  th.i,t  urinary  dccompoiitioa  int  pccveDtrd, 
at  incubator  lempciaturc,  with  hcxftmct  li> '"^""niin,  for  three  days  to  three  weelu;  after 
salieylates  (or  a  day;  bcniuiale.  phenuisulphonaic  and  boric  MJd  bad  IM  duccniUt 
effect.  Churchmiin,  190^,  concludes  that  heicitmethylcnamintiupuac*  methylene  Uuc 
Jordan,  191 1,  found  it  much  superior  Co  salicylic  add  and  aaauloil.  Ttie  diftennce 
ts  of  course  most  marked  in  acid  urines,  although  thii  increaaei  the  cffideno'  of  all  ifce 
antiicnlics.  The  greatest  ctlcct  of  SanLnl  oil  wu  on  Staphylococcus  He  found  borie 
acid  tnc  best  antiseptic  for  alkaline  urines  (igii)' 

Solvent  Action  on  Dric  Acid.^Ilrxamelhyknamia  ha«  been  proposed  as  a  remedy 
for  gout  and  urate  cukulism.  It,  as  well  as  tormaldchyd.  diisolvei  uric  acid,  with  the 
formation  of  a  series  of  paired  compoundit  (Nicolaicr.  1506).  However,  ti»c  tolrtal 
action  is  really  very  sli;Kht  (Stevens  and  May,  igii),  and  the  expcrimcrilal  and  dialed 
results  have  been  disappointing  (Kanzlik,  igi6). 

Haskins,  igij,  found  that  the  administration  of  hcxamethylenamiD  in  dose*  cf  1 
to  1  Gm.  does  not  confer  any  solvent  action  on  the  urine-  Doles  of  4  Cm.  nude  ibc 
urine  distinctly  more  solvent;  but  equal  results  are  secured  by  making  the  urine  alightly 
alkaline  (p.  H.  =  7.1  10  7.4)  as  may  be  e:isily  done  by  administering  wdiimbic*rMfialC 
or  acetate.  These  results  were  also  conlirmed  by  adding  hexamethyletumln  dlnctlr 
to  water,  urine  and  phosphate  mixtures. 

Antiseptic  Action  on  Bile. — Crowe,  1908,  claimed  that  the  administra- 
tion of  at  least  5  Gm.  (75  gr.)  per  day  renders  the  bile  unsuitable  (or  the 
growth  of  bacteria,  and  completely  antiseptic  to  typhoid  bacilli.  It  was 
therefore  advised  as  a  prophylactic  against  biliary  infection  after  opera- 
tion on  the  gall-bladder  or  ducts.  Recent  observations  (Bumam, 
Hanzlik)  have  not  confirmed  these  claim.i,  and  it  maybe  remarlced  that 
there  is  ordinarily  no  antiseptic  efFecl  on  the  bQc. 

MeninEoal  infections.^Thp  excretion  of  heiamethylenamin  into  the  cercbro. 
tpinal  lluid  I, Crowe,  140^1  it  reaches  the  conccnlrniinn  of  1:10,000  even  after  a  liagk 
dnse  of  1  i;m.,  Hald,  igii)  wasi  claimed  by  L'rowe,  190S,  to  rertmin  the  dcvdo^niciU 
of  bacteria,  although  the  concentration  is  not  sufficient  for  di^alcctioa.  Cliucaly, 
early  and  large  dosci  arc  said  to  afford  at  leatt  n  coHMdcroblc  ilcgree  of  pfouctioa 
ngainsl  infective  diseases  of  the  meninges  ( poll omycli lis,  Flrxner  and  Clark,  1911J; 
epidemic  and  postoperative  meninKi'is  (Crrowc.  loii).  etc.  Here  ajtaifi,  ihe  rmnt 
exact  observations  arc  negative  l.tnfnntilc  paralysis,  I'rascr,  191 4!.  L'lcnct,  191  t,<lailltl 
thai  diminifihed  cvc[e(i<.>n  Into  the  i.c rcbro-spiiial  fluid  is  oia^ostic  of  tUDCIcnlar 
tueningitis. 

Administnition  for  Systetnic  Disinfection. — To  obtain  the  dnlmed  effects  on  tbc 
bile,  meninges  or  respiiut.'r)'  pHisaK*'^,  ffliitively  Urge  do«e«  wc«e  employed:  al 
least  I  Gm.  (15  gr.)  in  a  ghiss  of  wulvr.  fixe  times  pvr  day;  in  meDinnral  tRleclJons  cva 
to  JO  Gm.  per  day.  The  dosage  should  be  reduced  if  irritant  effects  are  noted.  Tbe 
ftdministratJon  of  sodium  acelateorcit talc  would  probably  ICMen  Ihelialnlity  lowtnary 
irritation,  without  liindeiing  the  systemic  anlisepsi<,  Crowe,  1911,  advocaua  tM 
addition  of  i-^  percent,  of  the  drug  to  nil  liquids  taken;  or  in  very  ill  patients,  tlv  mtal 
injection,  a  drop  at  n  time,  of  a  liter  of  wlirie  solution  containinft  j  to  6  Cm,  of  the  4rag. 

MidtUe  Ear. — The  excretion  of  hexamrthytenamin  in  this  siluatkiD  vas  denMft- 
strated  l>y  Darton.  1910;  it  appeared  to  cut  short  suppurative  injection.  It  'ras  there- 
fore recommended  as  a  prophylactic  in  scarlet  fever,  etc.  Similarly,  it  ■»»  cUJastd 
to  be  useful  against  acute  and  chronic  jiiiiii  infrttiiint  (Burton.  1910);  and  In  r«ryM 
(A.  Miller,  tgii),  bronchitis  (VanderhotI,  1911}  and  injlutnia  (EJscnberg,  1911),  and 
even  as  a  pulmonary  disinfectant  (Zak.  tqi  1).  The  observations  of  Shallnck,  igit, 
on  pncumococcus  empyema  were  negative,  althoueh  bexamelhylenainin  was  proeiU 
in  the  pus.    Crowe,  191 1,  doubts  Its  cfiicieDcy  in  lobar  pneumonia  and  in  tubcKulont 
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bcntioa  !■  ^«.— Gtadlc  i^ii.  focsai  it  in  the  lateddr  cs^abct.  is  cscMtiott 
bifaf  hMtwiwI  by  mjiixanes-.  'aafrvti.  iii  cooctctncioa  is  301  sc^dcnt  tk>  be  vtti- 
Rptic  (Vhliuii.  iQtj.  tHn'n  t=it  iherc  i±  a  I'^ti  maitpili:  action.^  Ib  ■.':iu 
Indt,  igi6,  found  ii  in  the  ucaetKS  bomor  shortly  after  the  tatnvcDoca  iaiev-tion 
if  1  Gm.  He  also  daims  that  tnCEs  oi  fortiuldehyd  are  present  within  iine-htii  hour 
nd  noHt  for  niaetMi  hoim. 

MDRliaa  ■  Wk. — This  ras  aanoimcni  by  Bucoia,  1905,  zed  i.-oauRiMd  by  CiOw«, 
l;ol,W<ilife»ijn,  i9io,and  by  J,  Schmid  and  Schroeter.  1910,  who  itnxai  do  trfe  fot- 
ndddiyd.  Rod^,  igu,  foond  that  the  highest  coniivotntion  was  rcscheil  litet  an 
fc^wt  that  thk  was  dm  mmdent  to  be  antiseptic. 

liuctiuB  ia  SaliiL — Thb  arataim  do  free  iormaldefayd.  but  oikly  the  ua»-ha:ip^ 
On^   The  cALictioQ  teaches  its  TfiaiirmTn  in  half  an  hour  (Han4lik  . 

UndMiEible  Effects. — HeiaineUiylenaimn  does  not  cause  any  sys- 
temic ^ects.  even  on  the  intIa^'enollf  or  h\-podennic  injection  of  enor- 
xsons  doses  (Crowe,  1908;  Bumam.  1913).  Sot  docs  it  ha\'e  any  local 
auiioD,  so  that  it  mar  be  given  h>'podermicaUy  (Gundrum,  1011)  or 
ujcctcd  into  the  bladder  in  50  per  cent,  solution  (Bum3  m) .  with  practically 
noiititation.  Aftcrthcliberationononnaldeh>-d.  this becomesirritant, but 
cnl;  with  large  doses  and  in  specially  susceptible  indi\-iduals.  This  causes 
piiiifu]  micturition  and  n~entually  ostitis  and  hematuria.  In  Crowe's 
casts  the  hemorrhage  was  from  the  bladder.  The  kidne>'s  may  probably 
■^  be  irritated.  The  c>~sto5cope  shows  hemorrhagic  cystitis;  and  post- 
nxvtem  examination  also  hx'peremia  of  the  peUis  (D.  L.  Simon.  ioi4\ 
Other  occa^onal  s\Tnptoms  (Coleman.  1903)  are:  rubeolar  skin  rashes, 
oUiriis  of  various  mucosx,  and  digestive  disturbances.  These  irritant 
-cficcts  are  qiute  exceptional  if  the  drug  is  given  in  sufficient  dilution. 
^Vy  disappear  promptly  and  without  aov  permanent  damage,  if  it  is 
™Kmitinued. 

B*i^  tliio,  -Wiggs,  1910,  obtained  marked  nepbritU  from  relatively  smalt  iloses. 
'T'lnii  utom  hematuria  only  with  8  Gm.  per  day  (D.  L.  Simon.  1014^.  In  i^inea 
^^hypodermic  injections  (Frothingham,  1909)  produce  local  necrosis,  and  fasttic 
^"SEMion,  hemonhage  and  uketation. 

.  locoo^atibilities. — Hexametfaylenamin  is  a  fairly  strong  base,  gradu- 

*%  displacing  ammonia  from  its  salts.    It  is  decomposed  by  acids  (even 

?**tyl-salicylic  acid)  and  by  acid  salts  with  the  liberation  of  the  irritant 

J^Oialdehyd.     It  is  ^so  incompatible  with  tannin,  mercuric  chtorid  and 

"*>diong  agents  (J.A.M.A.,  Feb.  8,  1913,  p.  465). 


PREPAHATJONS— JIEXAIIETHYLENAMIS 

fr^Saamdkyknamina  (Heiam.),  V.S.P.;  Ilrxamina,  B.P,  (HcTamcthytentetrnmin), 
^^^t)iN(. — It  was  iDtroduced  as  urolropin  and  is  also  marketed  under  other  numerous 
Q^^coofu^i^  trade  names.  These  commercial  bra.nds  are  in  no  way  superior  to  the 
i^J|?2*'  substance  (Base,  'O07)-  It  occurs  as  colorless,  lustrous,  odorless  crj-stals,  of 
(^^*t,  then  bitter  taste.     Solutions  react  alkaline  to  litmus.     It  is  trcely  sol.  in  wrater 

■^),  and  ale.  (i:to).     Doif,  0.15  rim.j4Er.,  U.S.P.;o.3  to  i  Gm.,  ;  to  i     pr.,  B.P. 
li^j  ^aametkylauimin  Sails. — A  number  or  tnese  arc  described  in  N.N.R.  but  ihey  have 
Kq    *«rious  advantage.     Boruttau,   1914,  claims  that  the  urinary  antiseptic  action  is 
l^^Jr^what  greater  with  he:amethylen  salicylate  or  campboratc;  and  that  the  urate 

^ncy  is  higher  with  the  citrate,  borate  or  sulphosalicylato. 
tiv  ■'^cobs  and  Holdelberger,  1915,  report  experiments  with  Mime  quaternary  deriva- 
li|^^  that  appear  promising.    The  activity  of  these  does  nut  seem  to  depend  on  the 
^^^^tioD  of  formaldehyd,  so  that  they  are  not  inhibited  by  protein  and  do  not  require 

CHLORIN 

Diaiofectant  Adion. — The  gas,  solutions  and  hyj)ochlorites  are  effi- 
^&t  gertniddes  by  oxidizing  and  destroying  all  organic  matter.    This, 
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however,  also  limils  thdr  employment;  forchlorin  bleaches  organic  colon, 
<1isiincgralcs  fabrics,  corrodes  nictaU,  and  acU  as  a  strong  irritant  lo  the 
tissues.  It  is  iisetl,  especially  in  ihe  form  of  Chlorinated  Lime  and  of 
Labarraque's  Solution,  (or  the  disinfection  of  excreta:  6  ounces  of  chtori- 
natcil  lime  are  mixed  with  a  gallon  of  water;  a  quart  of  lhi4  is  added  to 
each  discharge  and  allowed  ta  stand  an  hour.  It  is  also  employed  lo 
sterilize  drinking  water,  especially  for  temporary  emergencies. 

Five  to  15  ]>ounils  of  chlorinated  lime  are  used  per  million  gallons 
according  to  the  impurities  and  other  contlitions.  This  imparts  a  sli^t 
taste,  Iml  no  other  bad  effects  have  l)een  dcmonsi rated.  On  a  small  lofe 
a  level  teaspoonful  is  rubl>ed  with  4  cups  of  water  and  a  teaspoon  of  this 
solution  is  added  to  2  gallons  of  the  drinking  water,  and  left  for  at  kast  ten 
minutes. 

For  Stuke  BitM,  10  c.c.  of  a  i  per  cent.  Kolutlon  Is  inin-ted  hypotkrintcsUy  aboot 
ihf  wouiiil  (CxInK^ltc.  11)07). 

For  ihc  disinter  I  ion  of  Ihe  tiandit,  these  ore  moiitcncd  ami  lubtwd  with  «  Ettle  4ij 
rlilnrin^itfil  limr  ainl  washing-soda. 

Labarraque's  solution  h  u^cd  as  a  dcodoraal  on  fetid  lUctrf,  being  dilnied  10  w  W 
times.  CHInrinnted  time  ittelf  hns  hern  used  on  woutulii;  i  tab1e*pooiis  of  Ihe  cnoi* 
imun'J  b('in^dissolvedinulj»sinot  warm  water  and  used  as  a  lotion,  twice  dally  CMnntft^ 
1015).  Inirmidly,  it  has  been  tried  as  a  gaslra-iotestioal  antiMptic.  bi^  would  be 
uaelcis  in  the  presence  nf  nrgnnir  matter.  I.i(|,  Chlnri  Co.  ii  employed  M  a  tarfltii 
infections  ol  the  throat,  being  diluted  with  6  or  S  partt  of  water. 

The  hi*tor>-  of  the  hypochlorites  i.i  diicUMed  by  Dakin,  1915.  He  attribute*  tluit 
nclion  lo  Ihc  fiirmntion  of  chloraniiMo  Rroiji^  in  ihc  protdn. 

Hypochlorous  Acid  as  Antiseptic.  ^T  his  hui  been  brouKbl  into  promincDec  by  the 
war,  being  especiall.v  endorsed  by  the  English  workcn.  It  b«aid  tooehigUyeficctivt^ 
piaelical^  non-corrosive;  nnd  not  being  ab«>rbcd,  it  in  non-toxic. 

It  is  made  by  shaking  i  j.j  Gm,  of  chluriuated  lime  nith  a  liter  ol  walcr.  and  addint 
ta.$  Gm.  oC  horic  ncid.  After  shnking,  it  ii  ret  wade  over  night  aad  61lcred.  Tliit 
•oliition  containing  about  H  P^r  <:ent.  of  hj'drochlorout  add,  b  applM  directly  (Dakta, 
1915)- 

Another  mnditication  (Carrel -Dak  in  Antiwptic)  conxutts  in  aikfin^  to  Cm.  of  chlori- 
nated lime  to  a  solution  of  14  V.m.  of  anhydrous  sodium  carbanale  in  a  litrr  ol  water. 
This  is  shaken,  allawcd  to  i^tand  for  half  an  hour,  decanted  and  (iltered.  Bodc  Kid  b 
then  added  until  the  solution  docs  not  redden  phenolphthaleiiv. 

A  dry  miaturc  of  equal  part«  o(  chlorinated  lime  and  boric  acid  b  •!«>  oMd  aa  a  doff- 
ing powder  (Lorain  Smith,  et  ol,  191;)- 

C.  Mayer,  1Q16,  prefer*  niORncdum  hypochlorite  to  the  Labatrsque  •otatioe.  ax 
being  Ins  caustic.     It  is  easily  prepared. 

Htnor  Toxic  Effecta  of  CUorin. — These  have  arisco  mainly  from  iu  uw  in  the  ait&. 
Air  contaniinjted  with  •:h)i>rin  produces  irriintion  of  tiie  conjunctiva  and  letfiuatofy 
nnioous  membranes,  etc.:  o.oot  to  0.001  ikx  thousand  of  air  is  *aid  to  h«  luunlCM; 
0.00J  is  disaiirecalile,  and  0.D04  irrespirabfe  (Matt.  t8Sg).  CoDlliHiaua  C^MUte  pn- 
duCM  ndie:iia.  The  foliage  of  plants  b  destroyed  by  eonccaliatiaai  which  are  Mt 
noticeable  for  man. 

Acute  Toxic  Effects  of  High  Chlortn  ConceDtnttiODS. — Tliese  hax-e  been 
studied  in  connection  with  the  use  of  this  gas  in  the  war.  They  consist 
in  violent  irritation  and  rapid  asphyxial  syncope  with  pulmonary  edema. 
Schacfer  attributes  the  asphyxia  to  cxucme  congestion  and  obstracUon 
of  the  pidmonary  vessels. 

The  experiments  of  Schnder,  191$,  showed  that  t  percent-  of  chlortn  in  the  air  may 
be  ineffective  lor  wveral  minutca;  then,  often  suddenly,  the  ta^ratiom  become  dec^ 
eonvultlvc,  and  arrested.  The  blood  prrwure  talis.  Rapid  recovery  occtirs  in  trnh 
air. 

With  5  per  cent.,  death  is  rapid  and  inevitable.  The  renNralioa  becomes  ilowad 
and  Isarrestrdinonclo  three  minutes.  The  blood  pressure  falls  to  uro  Id  Ittrce  to  fov 
tntnutn.  the  heart  still  beating  well.     Artificial  rtspiratiOD  does  not  canae  recovery. 

The  bronchioles  are  not  constricted,  air  pasnng  at  least  a*  well  as  normally.     SoOfr 
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Ion  of  muciis  h  a\n>  unimporlanl.  for  tli<f  coimr  'a  not  modified  by  atrapin.  The 
•jntnnic  ctrculalion  ii  aUo  unafTcctcd  diicclly,  Ihc  chances  being  »i;cond&ry  lo  tbe 
OAphyxin.     V.vtn  ihc  right  hcsirt  it  ntA  cspecinlly  congwlcd. 

The  cMpntial  cluinKr;aTe  wva  in  Ihc  puttnonary  ciri-'uliiUan.  The  lungs  nKintcnvljr 
bypttctriic,  microstiipic  ciBminntion  showing  cngorgemrnl  ot  the  cspillaric*  and  tdems 
of  the  inlmtilial  Ih-mv  and  aKpoli,  Thf  cpilhdium  proijer  is  iiurmal.  Ptrfusion  of 
the  pulmonary  v«=cls  with  Ringer's  solution  shoM-s  marlied  obstruclion  of  the  llow 
when  chlnrin  U  injected  into  the  tritchcn  or  perfusion  fluid.     Schaefer  nMumed  that  Ihit 

Fhenomcnon  occurs durini;  life  and  ihiil  this  obstruction  is  the  ca,uu  of  all  the  tymptonu. 
It  is  probable  that  chlotln  coa^ulntrs  the  cndotbclirm,  u  do  other  astrinitenti.) 
Bramln  vApoi  is  more  irrilnnt,  but  le^t  fnial. 

BleMhing  Powder,  when  swallottetl.  products  gastro-inteslinol  irritation.  Thi» 
would  be  treated  by  evacuation  ind  demulcents. 


PREPAKATIONS — CIILORIN 

'Call  thhriiMla  fCaU  Chlorin),  U.S.P.,  B.P.;  Chlorinated  Lime  (Chlorid  of  Lime, 
BTraching  Powder). — A  product  rriultinK  from  the  action  of  chlorin  upon  cnkium  hy- 
dioxid  and  containing  .;o  per  cent,  of  a\'ailuljle  chlorin.  Consists  mainly  of  a  mixture  or 
wcftk  compound  of  ulcium  h}-p«chlorilc  and  calcium  chlorid.  It  occurt  as  it  grayiih- 
«))llc  irxnular  powder  of  chlorin  odor  and  repulsive  nalty  tjiiie.  It  l»  only  partially 
w1.  in  water  or  ale. 

IJq.  Calrii  Chlorin.,  B.P. — lo  fwr  cent,  of  Call  Chlorin.  representing  3  per  cent,  of 
av&IUble  chlorin. 

' LiqiUT  Seda  chlerinala  (Liq.  Bod.  Chlorin),  U.S.P,,  B.P.  (Labarraque'i  Solution). 
— i.%  per  cent,  of  available  chlorin.  ifodc  by  decomposing  Calx  Chlorin.  with  Sod. 
C*rb. 

Jmellf  Watfr  is  a  ■Jmilar  preparation  of  chlorinated  potash. 
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PARA-TOLUENE  SODHIH  SULPHOCHLORAMHI 

This  is  marketed  under  the  name;  of  Chlorazenc,  Chloraminc  T,  and  Tolamtnc. 
It  vnt  introduced  by  Dalcin,  1016,  as  a  stable,  aon-toiic.  non'irritant  and  noo-cor- 
roiive  *urt[ic8l  antiseptic.     Il  is  uud  as  t  to  4  per  ccnl.  solution  (see  N.N.R.). 

STJLPHUR  DIOXro  (SULPHUROUS  ACID) 

This  was  formerly  used  extensively  for  the  disinfection  of  rooms,  but 
is  not  reliable  against  bacteria  (Koch),  and  has  the  objection  of  bleach- 
ing CuIor»,  Howrvcr,  it  is  effective  against  insects  (McClintock,  etc., 
1911),  and  therefore  against  insect-borne  diseases,  malaria,  yellow  fever, 
etc. 

It  i*  geoenled  by  burning  j  pounds  of  aulphitr  (or  each  1,000  cubic  feet  of  space. 
To  avoid  dai\gcr  of  Drc,  the  hiilphut  iii  ulaced  in  tin  pans  raj»e<l  from  the  Door  by  bricks. 
It*  action  is  mnterially  Krcater  when  the  air  Is  saturated  with  muisiure. 

Toxic  Efiects. — These  ariif  from  it*  ut>e  in  ilislnfcctin^  and  blenching.  I^rge  quaB- 
lilios  occur  also  in  cual  smulce.  and  become  particularly  objectionable  in  foKKy  weather. 
Il  b  eventuollv  oxidized  in  the  air  to  lulphuric  acid  (T.  W.  Schaefer.  1007).  Its 
inbotation  produces  irritation  of  the  resplralor>'  paAsagcs.  etc.  and  exlienrie  discomfon 
In  dilutions  of  coot  percent,  by  volume;  and  o.t  percent,  ii  promptly  (ata,l  by  paraly^ 
oi  the  re*]urato(y  ixnter  (Ogata,  1S84;  K.  B.  I^chmann,  iBi)j). 

PBEPARATIONS — StILPHUROUS  ACID 

__leUiMi  SidpkHriisum  (Acid.  Sulphurot),  B.P.— An  aqueous  solution  corresponding 
Tj  per  <rat.  M  SO|.    Daif,  i  lo  4  c.c,  ^  to  1  dram,  B.P. 

SODIUM  SULPHITE  AND  THIOSULPHATE  I HYPOSOLPHTTE) 

These  arc  rarely  used  in  medicine,  as  mouth  wash  in  aphths.  and  as 
'  10  per  cent,  lotion  in  ringworm  and  other  paraMtic  skin  diseases  Cpity- 
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riaws  versicolor).    The  IhioHuIphate  is  the  more  powerfu],  and  issome- 
limcs  used  also  as  a  cathartic. 

The  principal  importance  of  ihe  sulphites  arises  from  their  use  in  pre- 
serving foods.  The  quantities  ordinarily  used  do  not  seem  to  be  directly 
harmful.  Even  much  larger  quantities  do  not  aci  syslemtcslly,  being 
rapidly  oxidized  to  sulphates;  but  they  may  produce  local  gastric  irrita- 
tion by  the  liberation  of  sulphurous  acid.  Their  harm  L*  mainly  indirect 
in  that  they  improve  the  odor  and  appearance  of  spoiled  iDcat  so  Uut  it 
is  sold  as  fresh.    They  are  therefore  properly  prohibited. 

Toxic  ESects-^Thc  harml«ssn<^ss  of  oidiuary  uuanlilics  cvra  when  (onliiMwl  for 
very  long  fn-tiuds  hus  betn  shown  pnrticulBrly  by  Ko«  and  lii*ci0-wiMkcn(t9O4,  1911) 
BAd  by  Lehmann  and  TrcnllcJn,  igoq  iX-nnff,  101 })-  The  mctaboliua  U  nM  dcrsigitd. 
With  largi-r  Aotet.  by  moulli,  (here  srv  MKim  of  gutro-iiilestiDal  irritAtioa,  due  to  the 
libentiuii  t>(  sulphurous  add  (Jacolij  and  U'ntbauin,  igo6J.  Kionka'aod  Ebneiii,  1901, 
And  HarringtDti,  1904,  described  hcmonhoKic  and  InllMinmalory  lokim  la  the  Udntyl 
and  olli*r  or^atu  aiter  lung'i'untinucJ  unv;  but  Ibcsc  have  not  beeD  can&nned  bv  lata 
obterven  and  were  probably  accidental.  The  abtotbcd  lulphitc  U  rapidly  ""^"H  lo 
sulphate (Pfallcr,  i8Sj;  Rust  anrl  SonnlaK,  1^04]  and  it  ii  only  when  thb  cmp«dty  ii 
OECeedtd  by  very  targe  closes  or  intravi-uous  injection  that  tosk  effeets  »ppeai.  TImm 
lower  tbe  blood  pressure,  depressing  the  central  ncrvon*  lyitem,  MpodaUy  the  mfntniu, 
and  the  cardiac  and  aTterial  niuM^E.  Dcaih  nccurt  by  parelyiia  of  rcsptratloa  (Rofl, 
1O14).  In  man,  1  Gm.  produced  no  rOecti;  4  tu  6  Gnu  caUMu  idolait  colic,  <fianlm 
and  cirtulatocy  disturbances  <Rost;  Franz,  1913). 


PREPARATIONS — SUI.PmTES 

Sodii  Sulpkii,  B.P.;  Sodium  Sulphite,  Nb,SO,  +  rH^.— Fttdy  »oL  la  water  (1:1). 
Iff  It,  0.3  to  I.I  Gm..  5  to  10  gr..  U.P,     UxidiEn  in  aii  !■>  sulphate. 

Sod.  Sutpkit  BmIc.,  U.S.P.,  KaiSOi.— Freely  *ol.  in  water  (1:3.1}.  DitM,  t  Gia, 
iSgr..  U.S.P. 

Sedii  TkieiulfJMf  (Sod.  Thiosulpb.),  U.S.P.  (Sodium  Uyposidplute).  NaiS,0,  + 

Dwe,  I  Om.,i5gr.,  U.S.P.;B«emt!iMtic,cvtiy  two 


SH,0. — Very  sol.  inwater  (i  lo.;), 
hoi       "' 


ours  if  necessary  (Pettc)"?). 


oxmizmo  agents 


OZONE 

This  is  a  polymeric  form  of  ox)-gcn  (Oi),  which  decompoMs  very 
readily  with  the  liberation  of  acti\'e  oxygen.  It'  is  therefore  strongly 
oxidising,  deodorant  and  antiseptic;  but  is  too  easily  destroyed  in  the  pres- 
ence of  organic  or  other  oxidizabic  matter.  EITicieni  concent ratioos  are 
also  highly  irritant  and  produce  toxic  depressant  systemic  effects.  It  is 
being  used  for  the  sterilization  of  water.  Traces  of  oxone  are  contained 
in  the  air,  especially  after  thunder  storms,  but  the  qtiantity  is  much  too 
small  to  have  any  effect  whatever;  in  fact,  conccntratioRS  far  beyond 
human  tolerance  arc  of  uncertain  efficiency  (J..A.M..\.,  57 :  1370,  191 1). 
At  most,  its  persktent  presence  is  an  indicator  of  the  ab»:nce  of  organic 
matter  in  the  sir.  The  odor  of  ozone  1$  characteristic  and  dis^utaes  other 
odors. 

Effects  of  Inhalation. — The  older  methods  o(  prepatioc  otone  developed  Irritaat 
nilrogcQ  oiid^  The  modem  midiina,  ore  free  from  thi*  ocfect.  By  Ibor  uae,  oa»- 
criiir»ii.>»>  »(  5  to  10  per  million, inhaled  (or  a  »hor(  tipM. ptfodiicc  in  aaaioatlttd 
amplitude  oi  the  pulse,  dtoirsincM,  and  peniitent  headaCM — the  Utter  pnbMf  Iqr 
irritation  of  the  anuses.  Ten  per  nullioti  inhaled  for  fifteen  mioutcx  ptodwt*  MMt 
throat.  One  pet  million  diminiihcs  the  oxyxen  intake  and  tbe  COi  oiitpitt.  frtt^Uiti 
eMpct»n  to  conccDtmionx  below  1  per  million  doci  not  produce  nodc^Ale  dSRarfaaacc; 
but  with  higher  oonceatratioDS  there  b  Irritation  of  iiic  rttfuaiMy  met  aail  etk« 


OXmiZlNC   ACKNTS 

■  iMdln^  to  fatal  pulmonnry  edema;  or  in  acute  toxic  CODHntratioos, 

Co  JhHW-ffii" "  fallowed  by  drprcuion  And  coma  ijotdan  and  Caition,  19IJ; 

Hill  «Bd  Fbtck,  1911;  SiglDund,  1905;  DuMonl,  iKgi).  Kip<isiife  (of  Iwo  hoirn  to  10 
o(  I  <  jif r  milUon  is  dangerous  to  lilc,  but  the  ifrilant  eftettj,  tough,  hc-.idnche,  elc,  ove 
nmpV  wuininK  to  a\'i>id  the  danger.  For  an  SDti»i-iitic  nctinti,  ;il  least  13  per  million 
would  be  ticce«ory  (L.  Hill  and  Flack,  iqij).  The  air  cl>DIain^  at  moit  0.0001s  to 
o.tjS  pet  millioD.     Its  Gensonnl  occucrcncc  is  discussed  by  Holmes,  1913. 


» 
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HYDROGEN  PEROXID 

The  peraxicls  are  fairly  stable  in  pure  solutions,  but  on  contact  with 
catalyzers,  inorganic  or  organic  (catalasc),  tissues,  etc.,  they  split  off  ac- 
tive oxygen  and  are  ihcrtfore  strongly  antiseptic  and  deodorant.  The 
action  lasts  only  so  long  as  oxygen  is  being  evolved,  and  is  therefore  brief 
and  superficial.  In  deep  and  closed  cavities,  the  rapid  evolution  of  gas 
presents  danger  of  mechanical  injurj-  and  embolism. 

Uses. — Hydrogen  pcroxid  is  employed  for  washing  fetid  wounds  and 
ulcers;  as  injection  (or  gonorrhea;  as  mouth  wash,  etc.  It  is  non-toxic  and 
scarcely  irritant,  but  is  best  diluted  with  a  to  10  parts  of  water.  A  stronger 
(to  per  cent.)  preparation  is  caustic.  In  contact  with  pus  it  foams,  and 
this  aids  mechanically  in  cleansing  the  wound.  Hydrogen  peroxid  i»  al.Mj 
a  chemic  anlUotc  for  cyanid  and  phosphorus  poisoning.  It  is  often  used 
(or  bUacJiing  the  hair  and  fabrics.  The  concentration  of  0.55  per  cent, 
(absolute)  in  milk  inhibits  the  development  of  pathogenic  bacteria  (Budde, 
iQo.t)  but  it  also  destroys  the  ferments  of  milk  and  is  of  questionable 
utility  (Heinemann,  1913).     Sieber,  1901,  claims  that  it  destroys  toxins. 

Pli*go^tosis. — This  is  siimululcd  In  vitro  by  hyd(oK«»  pcro^idi  whereas  free 
«cty|;rn  'm  generally  depreasant  (H.  J.  Hambuiger.  1915).  I'olBuium  chlorate  and 
fcrricj'nnid  proved  inactive 

PJIEPAKATJONS— PF.K0XID3 

'Liquor  Hydtattaii  Dioxidt  CLii|.  Hydrog.  Dim.),  V.S.P.|  Liq.  Hydros.  Pf">x., 
B.F.;  Solution  <■(  Hydrogen  Dioxid  (I'eroxid). — A  sliclitly  acid  aqueous  Kilulion  ot 
lltO]  (approidmatcly  j  per  cent.)  corresponding  to  obout  10  pec  cenL  (vclumeij  o( 
avaiUble  oxyKen.  Stiotiger  solutioa»are  also  nuitkrted.  It  occurs  m  a  cnlorlcM  liquiil, 
odorioa,  of  slightly  add  la^te,  producing  a  jwculiar  sensation  and  soapy  (roth  in  the 
moath.  It  keeps  best  in  bottles  stoppered  merely  with  n  plug  of  cotton,  and  ttunding 
lo  a  cool  pkce.  It  is  incompatible  wth  easily  oxldltable  3ul)!itancr«.  It  di'cnmpoiiM 
cndiioBv.  This  is  not  due  to  impurities  (Clover,  igij)-  The  deiomposition  is  retarded 
by  snuli  quantities  of  acid  or  ncetniiQid.  The  latter  is  used  in  most  brands  (Kebler, 
loio),  but  in  time  these  acquire  a  yellow  tint  nnd  an  odor  o(  nilro-bi^nzol,  and  iJinuld 
Inen  not  be  used.     Dose.  4  c.c,  1  clrwn,  U.S.P,;  i  to  8  c.c.,  W  to  !  drams.  B.P. 

"Solid  Petoxiil"  concii.Is  of  easily  soluble  compounds  with  urea,  containing  about 
iS  P<'  ccit.  of  abwlutc  puroxid. 

PEROUDS  OF  METALS 

These  may  be  conceived  as  compounds  in  which  the  H  of  HiOi  has  been  replac«d  by 
meUls,  and  which  are  readily  decomposed  with  the  formation  of  Hfit  or  of  active  oxy- 
tcn.  They  hnvc  bt'en  suggested  as  substitutes  for  hydrogen  prroxid.  The  commercial 
ptodtiCU  are  usually  mixtures  tootaining  :$  to  ;s  per  cent,  of  the  real  peruxid.  The 
CMnpound*  of  the  ililTcient  nictnls  varj'  ronsidern.bly  in  their  stability  and  solubility, 
kndln  the  case  with  which  thfirM'tutLonsaredceomposed.  Acids  convert  them  rapidly 
into  hydrogen  peroiid.  /.i.,  MgOi  +  H,SO»  =  MgSO.+  H-O,.  In  this  way  the 
ox;ffien  is  made  jiromnlly  a*  ailnljle.  Water  decojnposes  them  more  slowly.  Inversely 
to  Uieir  solubilityW^.i.,  ZnO,  +  HiO  =  Zn(OH)i  +  H,0,.  Their  action  is  therefore 
mote  prolonged.  Tnr  thernpct) lie  effect  is  alsomodlticd  by  the  nature  of  the  base;  thus 
•odium  peroxid  would  yield  a  solution  suIBcicntly  aLkulinc  to  be  caustic.  Magnesium 
or  line  peroxid  is  theiefore  generally  preferred. 
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Uses.— The  Mttwpllc  effects  »re  utilized  In  ik{a  dbeuH  (ZnO,);  deatiTrkn  {McOO: 
mad  axaiast  x*st'"->nIe3tlnaJ  (erincntatioD  (CaDi).  Thue  emapmind*  are  docrtbcd 
inN.NR, 

Sodium  Pet  borate. —This  also  yieldB  hydiugen  peraxid  oa  contact  with  vaiei,  I 
trainf.irmcil  into  mctaboralc  which  acts  a»  a  mild  olkftU,  XaBO,  +  HjO  -  HjOi  -f 
NaKO,.     It  LsuscdasadustinKpowilcrotapercent.soltltfon.uasulMtitutctorperoiM. 
Tlic  substance  is  described  in  N.N.R. 

ORGAmC  PEROXmS 

Thcu  were  Inimduccd  by  Novy  and  Ftcer,  moi.    Acetyl -beniay I  penuld  (Aceto- 
■one)  and  suttinit  dioxid  (Alphozone)  are  dc«ribed  in  N.N.R.    The)-  may  be  coosidetoiJ 
•S  H|0|  in  which  the  11  has  been  replaced  b^  orgaiuc  rsdieak.     la  llie  preface  ol  oater 
they  are  flowly  hydrulvKed,  fonninK  oriiunic  per-acidit,  with  vety  active  oniSiing  ud  , 
germicidal  propettici,  f.i.  I 

The  acetyl  bcniuyl  pernxid  drciimpoof^  into  acetyl  peracid,  acetic  aod.  and  tkt 
intoiublc  dibenz<i)l  pfroxid,  accotdiiii;  lu  the  euualion  jCfllit^OOOCOCHi  + 
Hrf>  =  CH.CO  OOCOC.Hj  +  CH.CO-II  +  CH.CO  OOII. 

Thej-  nrc  somewhat  used  as  local  and  inleslinal  antiMplic*.  but  are  ol  dovMul 
efficiency  fur  the  latter  purpose.  They  shniild  not  be  mired  with  organic  Kqtdd*.  ■» 
kept  tn  n  warm  place,  as  they  lend  to  cipludc.    They  aie  described  in  N  JJ.R. 


lODOXYBENZOIC  ACID 

Tim  has  t,  strong  oxidixini:  action.  <.-ven  in  Ihc  body,  and  U  tberefwe  of  ccxuidenblei 
tdcntific  interest.  Locvenhart  and  (irovc.  iv".  have  invotlxatcd  the  Mdlom  talttj 
o(  the  thm  compuunda:  (i)  Iddbcnzuic  acid,  CiIIfCOtH-I. 

(i)  lodofobcniKiic  add,  CiHi-COiHl  =  O. 


(3)  lodoxybcnioicacid,  C.H,■COa^I/Q■ 


(f )  and  (j)  have  a  metallic  taste,  resembling  hydrogen  pcroxid,  pnsumobly  dtN  la, 
the  active  oxygen.    They  oxiduc  hcmoKlcbin  to  oxyhcmoEloUn.    (>)  b  initatia(n 

it)  and  (5)  very  mildly.    The  syalcmic  eficcts  were  studied  oy  intravcaoiB  iniectiea.* 
0  has  very  little  action.     The  oiygcnnlcd  compoundt  {:)  and  (3)  produce  ttic  phe- 
nomena of  apnea,  marked  and  conlinucd  fall  of  bliHxl  pressure  by  depression  of  the  vaw- 
motor  center;  brief  arrest  of  respimtion,  alio  by  ilcpreBiion  of  the  medullair  ccnter.J 
The  vagus  center  i;  not  Affected.    Th«t«  acliont  arc  due  to  the  active  oivfen.     (Thftq 
can  nut   ivpUrc  ordinary  molectilat  oxygen  fot    nialntaininx    (he   cardiac    activlly; 
LfKvtuhart  and  r)'sler.  H)IJ.) 

Antiseptic  Action.^The  oridion^  prupcny  promises  an  nntitccitic  effect,  nerhapt 
even  in  the  lixiues,  since  it  is  not  mhibilrd  bv  fertim.  (a)  and  (l)  arc  Rinctt  mod 
baaericidal  than  (0  (Arkin.  1911).  loduxybenxoate  increased  the  productioa  ot 
»ntitM>dics  in  dogs  (Hektocn.  1911):  also  the  production  of  hemohiin  and  acglutiam 
In  rabbits,  when  injected  Intravenousty  shortly  after  immuidiatlOB.  It  ftUmnlata 
phoKOcytosb  (Arkin.  1915).  Its  inje<:Iion  also  lessens  inflammation  bv  mtuttard  oQ 
or  allergy,  whilst  this  b  increased  by  cvaniJ.  indicatinii  that  edema  u  Irmniil  bjr 
oxidation  and  increased  by  otphyxia  lAmbeiK  and  Knox,  iqii:  Amb(T)t.  igtj. 
lodosobcnioic  acic!  has  also  been  studied  by  Jahn,  1914).  It  reduce*  iHe  toncily  5 
the  lubctculiD  in  vflro  (Arkin.  1916). 


POTASSIUM  PERMANGANATE 

In  the  presence  of  organic  matter,  this  splits  very  rrsdlly  into  MoC 
(forming  a  brown  precipitate),  a.nd  into  oxygen.    It  is  therefore  an  effe 
tive  oxidizing  agent  and  disinfectant;  but  its  efficient}'  Is  limited  by 
excess  of  organic  matter.    Its  action  is  only  superficial,  and  it  is  markc 
irritant.     Il  is  used  as  an  antiseptic  for  mucou.*  membranes, 
the  urethra  (i  :  4,000  to  t  :  :,ooo),    A  i  :  spoo  solution  »  said  lo  be 
satLsfactory  anesthetic  for  introducing  urethral  sounds  (Barton, 
Beck,  1Q13,  rccgmmcods  it  against  burns  (i  :  4,000  to  1  : 3,000  <at  gan 
and  as  lotion). 


BORIC  AC1I>  AND  BORAX 
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It  is  an  antidote  to  or|;;anic  poii>onti,  capccislly  morphin,  hydrocyanic 
acid,  and  phosphorus  (i  :  i.ooo  to  i  :  500).  A  satunitcd  solution  may 
be  employed  for  disinfecting  the  hands,  the  color  being  removed  by 
oxalic  add.    Large  doses  by  mouth  cause  death  by  gastroenteritis. 


PREP  AR  ATIO  NS — PEKUANGAN  ATE 


•foMiii."  Permantanai  (Pol.  PermHog.).  U.S.P-,  B.P.;  KMnO..— Slcinler,  dark 
purple  prisms;  odorleaa;  aatrin^ent  taste.  Sol.  in  water  ('^y-S);  detompoitd  by  nlc 
and  all  organii:  m.illrr;  explosive.     Date,  0.06  Gm-,  1  gr.,  U.S.P.;  o.oA  la  0.1  Grn., 


I  tO^gr.,  B. P.;  diluted. 

itj.  Pot,  Ptrpuing.,  B.P. — t  per  cent. 


Dose,  7  to  15  cc,  1  to  4  dfoms,  B.P. 


BORIC  ACm  AND  BORAX 

These  combine  a  fair  antiseptic  power  with  a.  low  toxicity  to  higher 
animals.  Tliey  are  also  less  irritant  ihan  most  other  antiseptics.  Boric 
acid  is  employed  in  surgery  a^  dusting  powder,  as  saturated  (4  per  cent.) 
aqueous  solution,  as  boroglycerite,  and  in  collyria  (i  to  2  per  cent,  of  boric 
acid  or  sodium  borate).  Boric  acid  is  a  mild  acid,  and  increases  the  acid-, 
ity  of  the  urine;  borax  acts  as  a  weak  alkali.  It  dissolves  mucus,  lessens 
the  urinary  acidity,  and  is  used  for  cleansing.  The  acid  and  alkali 
diaracters  are  very  weak.    The  borate  ion  has  no  other  therapeutic  uses. 

Use  as  Food  Preservative. — Boric  acid  and  borax  have  been  extensively 
employed  for  this  purpose.  Single  doses  are  generally  innocuous;  but 
their  continued  use  produces  slight  but  cumulative  effects,  so  that  their 
employment  is  not  advisable. 

AntiHptk  Efficiency. — ^Borlc  acid  is  not  a  disinfecbint.  Even  saturated  solutions 
do  not  kill  bai-lrriii,  but  solutions  of  o.  j  per  cent,  check  pulrefattlon  and  decomposilloa 
(but  not  tlie  growth  uf  |u1hujj;cnic  nrgani&nis.  Bcrmtcin,  iqio).  Borax  is  somewhat 
let*  efficient.  Their  populnrily  ns  food  preservatives  is  nttributabic  to  ihe  nbsence 
of  <B«tinctIve  odor  uml  t:i»le,  and  to  their  relatively  low  towdtj'.  The  «cid  is  used  ia 
ffle«ts  [n  the  conien  Ira  lion  of  0.5  per  ccol.;  in  milk  of  0.2  per  cent. 

Action. — The  question  of  their  toiricily  has  been  investigated  ertcnsively.  It 
may  be  premised  that  boric  (wii:!  and  borax  behave  exactly  allLe.  A  man  living  largely 
on  preserved  food  may  in^ut  as  much  as  0,5  Gm.  of  boric  acid  (or  ilj  equiv.itcnt  in 
tMirikx)  per  day;  the  CDniumptinn  would  generally  fall  below  this  figure,  but  would  riie 
to  seirerki  £ram«.  All  ini'O'.tijt^loc^  agree  that  quajiUtles  taa.5Gin.  hnvenoimmcdintc 
aetlon  ol  say  kind  in  healthy  indi\-iduals.  When,  however,  the  consumption  is  con- 
tinued for  a  long  time,  quite  marked  effects  arc  produced  (Forster,  t^Sj;  Heffler, 
■9011  Rubncr,  i(|o*;  RmI,  1001. 1905,  1905;  Wiley,  1904I.  The dlge*lion  becomes  some- 
what derani;ed;  the  body  weight  lessens;  the  feces  become  more  watery  (but  there  if 
no  diarrhea  even  with  larger  doses).  Theabsorplionof  fat  and  of  nitrogen  b  somewhat 
fKtninished.  The  urinary  nitr.iijeii  !■•  slightly  decreased,  whilst  Ihc  phosphates  riM 
<S»tinctIy.  The  quantity  of  unne  is  scarcely  altered.  If  a  slight  albuminuria  wa* 
prnent,  this  i»  increased  (Wiley).  Boric  acid  therefore  seems  to  have  a  cumnlalht 
netiifH  an  digestion  and  absoiplion,  mctalxili'im,  and  Ihc  kidneys.  The  cumulative 
<fl«l  may  be  explained  by  Ihc  otecrvalion  that  the  excrelion  of  boric  acid  is  *low, 
requiring  wvcral  da)-5.  {However,  it  licgins  within  ten  minutes,  .and  reaches  its  maxU 
mura  in  the  second  hour,)  On  the  average,  15  per  cent,  is  retained,  ihc  other  85  per 
Milt,  being  excreted  mainly  by  the  urine,  to  a  slit:ht  client  by  sweat  and  railk,  and 
practically  none  by  the  feces  (Wiley).  The  excretion  i*  not  hastened  by  diuresis 
(Roat,  t9e^).     "^accs  occur  normally  in  milk  and  eygs  (Bertrand  and  Agulhon.  toij). 

The  effects  of  such  doses  as  arc  acluully  con_:umed  would  ihciefnre  not  be  very 
Mrtous,  even  tf  the  consumption  of  preserved  food  were  conlimied  for  a  long  time. 
Rowcver,  the  results  are  lomewhat  deleterious,  even  In  normal  individuals;  and  ibey 
would  probably  be  very  undesirable  in  palienli  with  dige>live  or  renal  dinturhance. 

Somewhat  larger  dnie»,  i  to  3  fim.  per  day.  produce  the  described  effect*  more 
rapidly  and  more  severely.    Headaches  appear.    With  5  Gm.,  the  subject  loon  becomes 
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unaUe  to  <li>  any  work.  Qiiantiik*  above  t  Cm.  per  d&y  nuy  be  coodoued  u 
tinctly  harmful,  withuut  uiiy  luultAtion.  (Sumc  inve»li|pUo«  bold  tbe  oppniu  «pbi  —^m, 
for  iatUnce  l.iebreich.  1903  nnd  1904.  Tbcir  rc&ults  may  pcrhitptf  be  GxplklM  fy 
Individual dtffc run cci  uf  su^icjiilljillty,  which  wrrcHlionallcM  by  WiliFy.)  miilmi  ^n, 
IQ04.  hu  observed  thut  the  cunUnucd  adminUtraUoa  of  borax  (o  uu  htAt  U  ■ 
Mvcrc  kidney  lc«inn>.  Very  large  dows  cauM  KCuW  poUoninx;  tkb  nay  i1m  i 
from  loo)  adinlnialrjtlun  (vun  Dort  Krom,  1906):  i-^pctially  from  Bwhiaf  * 
^nlin  and  from  the  um  of  powdered  boric  acid  on  extensive  boriM  (^vaiuuij,  tfC  ■*'■ 
Ttie  tymptoms  con^st  onlinArily  ia  gaairocotcrilii',  cong^tlon  of  tbe  sbdooiiul  ■ms*'- 
Depbjills  Cgranulu  degeneration),  Ktulatinol  skin  cr\ipiions;  very  coaunaalyriMK^ 
diiturboiKCK,  musciil.ir  debility  and  incodrdinalinn,  [nil  oi  temperature,  colbpw.  T*** 
nutonsy  tlioire  futty  drxeneratlon  (Kineharl.  looi:  Bi-st,  ii;Oi4>.  _ 

With  flanis,  even  tow  concentrations  in  tbe  Mtl  or  culture  solntkMi  cansei  spvtu-*** 
of  the  leave*  (Ifnsclhoff,  igij).  ^^ 

Minute  trsi'c^  of  lioron  occur  in  all  animal*,  matt  alnindanlly  In  the  oc^-^* 
(Scrtnuid  jind  A^hon,  1911).  Plants  also  take  it  ui>  readily  trgm  tbe  toil  {C«^'" 
1916). 

PREP.WATIONS — BORATES 

'AciduM  Borienm  (Add.  Bor.),  U.S.P.,  B.P.-,  Boric  Add  (Boradc  Add),  n.BO»-C^ 
Trsoilucciit  colorlcs*  tcal<«,  or  light  very  fine  bulky  pirtrdcr,  unctuouf  to  the  tot*^  ?' 
odorlew:  of  sliKhtty  Hslioe  taste.  Slowly  sol.  in  water  (1:18);  »ol.  in  ale.  {i:i8);  fr«^^^ 
Ml.  in  slyc.  (1:4).  Dose.  0.5  Gm,.  8  gr.,  U.S.P.;  0.$  to  1  Cim..  ;  to  is  gt-,  R.P.  i  £ 
urinary  uitJteptiC.  Locally,  In  Uiiifnt,  Injections,  wugia,  etc..  i  to  4  per  cent.  C  *  ^ 
to  3  Uiupoans  per  pint).  A  saturated  vatery  solutioa  coDtaioi  about  5  pa  cr<*^^ 
or  at  ffr.  per  ounce. 

^ytfrilum  Boret,iyirfi»l  (OK-ccr,   Boroelyc.),  D.S.P.;  dyar.  AM.  B«r.,  B^' 

30  per  cent-    I'or  esterual  u»e,  diluted  ten  time*.  _ 

'f'nfufHlun  .teiJi  Bond  (UnR.  .\cid.  Bor.),  U.S.P.,  B.P.— 10  per  ccot.;  b  ttt»»** 
PeUolalum.  U.S.P.;  la  PSiruffin  Ointmcnl,  B.P.  -. 

LfjiMir  A^\ifpit"",  N.F. — A  mild  antlMutic,  containing  In  1,000:  30.  Boric  »^^"; 
I.  Benxoicaad;  I.  Thymoli  0.15  Eucalyptoi;  0.5  Oil  Pcppctmint;  0.15  Oil  GaoittlK  V^^; 
O.I  Oil  Thyme;  ijo  Alcohol.  A  number  ol  proprietary  mliiures.  f.{„  "Ibtgi.**' j 
have  a  ^iniUr  oompoMtion.  Tbrir  auiiseptic  efficiency  !*  very  illxfat  (VnhoiC  ^m^" 
EUi*.  1907). 

"Soiil  Bont  (Sod.  Bor.),  C.S.P.;  Borax  Pur..  B.P.;  Sodium  Bonte  (Jiiborate-      "' 
tolraboi«le),  Borax,  NaiBtOi  +  loHiO.— Colorless,  transparent  cr>ilal*,  o«  irfc^J^* 
iwder,  odorless,  of  sweetish  alkaline  taite.    Sol.  in  water  (iiis)!  very  loL  ia  $M 
_:i);  practicsllvififol.  In  ale.    Jmf<mtpaiibU  with  alkaloids,  acids,  taucUiM  o4  an 
Free  boilc  add  U  not  lacompaiible  with  mott  alkaloMs.)    D«te,  o.JS  &■•,  >' 
U.S.P.;  Ok3  to  I  Gm„  5  to  15  gr.,  B.P. 

Glyeff.  Bofoc,  H.P.— jo  per  cent. 

«</,  B&rac.,  B.P. — 10  per  cent. 

Sodii  Ptrboras  (Sod.  Perbor.),  U.S.P.:  NaltO,  +4BiO.— Sot.  in  <raw.    CMd 
making  oxygen. 

IODOFORM 

Uses.— TMs  U  obtained  by  the  action  of  iodin  on  alcohol,  scetoi 
etc.,  in  the  presence  o(  a(k*Uc8.  It  has  been  known  ulnce  i( 
and   waa  introduced  as  antiseptic  about   1879.     It  acts  probably  ^ , 

liberating  wxlin;  but  this  shows  some  iKxuIiarilies,  due  to  the  manttO^^ 
which  it  IS  produced.  Iodoform  itself  is  practically  insolublf  and  probit^SV 
inactive.     It  i-t  al*o  (juile  stable  uulsiric  of  the  body;  but  in  contact  «  ^^.^ 
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ti««iics  or  ihi-ir  extracts,  and  parliculurly  with  diseased  tissues  and  wi 
bacteria,  it  slowly  evolves  iodin  (Aitenburg,  Schmidt,  1901).     This  occu^^ 
so  slowly*  that  the  cSects  axe  mild,  but  quite  sufficient  to  be  maiked^^ 
antiseptic  to  bacteria,  and  stimulant  to  the  cells.     It  abo  dries  the  *'"**^? 
secretions,  and  is  mildly  hemostatic  and  analceaic.     Mamburgcr  foon^ 
Ihat    it    stimulates    phagocytosis.     Its    injection    into   dogs    Icsdl  \^ 
persistent  Icucocytosis  {W.  Weil,  19IJ). 
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These  actions  make  it  valuable  in  trcalinK  open  woumls,  sinre  it  pro- 
motes healing  by  stimulating  granulation  and  lessening  or  preventing  in- 
fection. It  is  the  most  widely  used  dusting  powder;  it  is  also  injected  into 
tubercular  joints,  usually  iis  an  emulsion  with  glycerin  (iodoform  lo, 
alcohol  and  gljcerin  each  45), 

Io(loft)rm  has,  however,  a  number  of  disadvajttagrs:  The  most  ob- 
jectionable feature  is  the  persistent  odor,  which  can  not  be  disguised  by 
IK^fume.  lodoforn)  is  also  apt  In  develop  iodism  and  irritant  phe- 
in  susceptible  individuals,  producing  particularly  eczemas,  even 
in  minute  amounts.  It  may  also  cause  severe  poisoning  with  narcotic 
symptoms,  dltTerent  from  th««:  of  olher  lodlfls. 

GmMal  lutoiication. — (P.  MuUet,  iQOs).  This  may  occur  when  iMloform  is 
over  jt  large  area,  or  when  it  tn  injcelcd.  The  lymploms  coniUt  in  diurtsU. 
t  anil  'onincilKncc.  hiil1iicin;t(lvn&,  iliminishcit  rctfcic^,  liRhl  cunvulMona,  and 
ijr^Ni.  Tlic  lemperaturi'  fulU.  Deulli  cHrcurs  Ihttiugh  t;Fncral  para.lj'Ms  u[  the 
ceatral  netvxiux  ijiteni.  Sodium  bicurbon.ite  ia  said  lo  be  .inlidotnl.  Chronic  pnis/m- 
f nf  [a  aIso chunctcrixrd  by  pnr.ilylic  phtnomena.  Tbt  heart,  livctand  klilncyH  exhibit 
tatty  chaiiKCs,  Iodoform  diTiiialitis  is  somclirnes  nevn.  It  rtscmblo  ivy  pnisocing 
(Btj'nn.  1903).  The  idioiyncrcmics  are  not  nnnloEous  In  nnHphylnxin.  fur  Ihcy  (iin 
nol  lie  trdnslccrcdfKiMlivtIy  (Slriifwni,  191 2).  Falal  poiaoningiromlQt(apleura.l  (njec- 
lioD-is  rcporli-d  by  v.  Bonidorii,  1916, 

KxtrilioH, — lodcitorm  i«  not  cucrctcd  as  sucli.  citiicr  by  ihc  kidneys  or  hingt.  It 
•ppears  In  the  utin<^  kei  i.iilld  and  ioduic.  and  m  unknown  urKunlc  coniiwunds  (Au- 
piolani.  190J:  Ilarnuck  and  drUndier,  iSSj). 

Iodoform  Substitutes. — The  disagreeable  qualities  of  iodoform  justify 
the  search  for  efficient  substitutes.  A  number  of  odorless  iodin  derivatives 
were  tried,  especially  liiymol  iodid  (aristol).  but  their  popularity  was  short- 
lived, Mnce  they  do  not  seem  to  possess  the  peculiar  activity  of  iodoform. 


I 
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PREPARATIONS — IODOFORM 

*lodofoftHum  (lodof.).  U.S.P^  B.P.  (Tniodo-methane),  CHI,. — Contains  07  per 
!  cnt.  of  lodin.  t'^ually  obtained  by  the  action  of  iodin  upon  alcohol  or  acetone,  in  the 
pKMnce  of  an  alkali.  Fine.  Ii'mon-ytllow  [wwdiT.  or  tryilils;  peculiar,  very  jicntlral- 
log  ftnd  pcnistcnt  odor;  unplc.uant.  (lightly  iwcctish  t»ilc  suftRcitivc  of  iodin.  Nearly 
I1M0I.  in  WAter;  mI.  in  ale.  (i:(io).  In  clyc.  (i:So),  or  olive  oil  (1:34)1  freely  v^L  in  eiH. 
(1:7.5).  Dosf.  o.»5  Gm.,  4  gi.,  U.S.l'.;  0.03  too.3  Cm.,  H  t^  3  S'-i  B.I .;  In  jull»  w 
eapttides.    Uoxlmum  dcm,  a.a  Gm.,  3  gr. 

Sun-  J«i^!.,  K.l'.— o.»  Gm.,  I  KT. 

t'B<.  IimIdL  U.S.I'.,  B.I'.— 10  \Kc  cent-,  in  lard. 

loieJ»m  (and  other  Ioqm  iodin  deiivntivet)  arc  intomfatihU  iii'Ii  ilarck.  They  are 
icnerklly  dffompoxfit  Ay  hfiil,  and  can  tlicretorc  not  be  6lcrili«ed  in  this  manner.  J.lnce 
they  bteomc  anti^ejtlic  whi-n  applied  to  wounds,  sleriliiation  Lt  usually  superfluous. 

The  tedoform  SubslUaUs  .ire  nUo  injun^  by  hcnt  and  light.  They  ore  all  in»ul.  in 
■»tcf  and  arc  used  like  iodoform. 

•TkyimJit  lodUum  (Thymol.  lod.),  U.S.P.  (Dithymol-diiodid;  Aristol);  CC4H1- 
CHi-C^T'OI)t- — Contjilni  at  leant  4j  per  cent,  of  iodin.  Chocolate- colored  powdei 
«ith  al^ht  aramalic  odor.  Insul.  in  uttter  or  Rlyc. ;  slightly  «ol.  in  ate,  readily  In  oib, 
<tlu,etc. 

GETTERAL  COnsmERATIOK  OP  ANTISEPTICS 

Teutidtr  and  Resistance. — The  piotopla«m  nf  bacteria  is  fairly  readily  injured  by 
■nany  kub»(aiu:c«  and  by  jibj-aieal  diangr^.  The  conditions  under  which  it  exists  are, 
bovever,  tocnevhat  pecubar:  By  wlue  o(  a  highly  impcoctrable  cell  wall,  and  by  the 
forrBa(ii>ii  of  very  rcsiitnot  spores,  bacterin  are  able  to  survive  conditions  which  voiild 
UH  other  cells.  Under  thcic  advene  coDditions  the  microOrgnniMns  are  indeed  uriablo 
to  grow  and  multiply;  biit  by  pauing  into  a  dormant  Riatc.  nanjculaily  by  i^pnrr  forma- 
IJoa.  tbcv  arc  able  to  pre»erv«  tbeir  vitality  for  a  considerable  time,  and  to  recover  their 
power  of  growth  a»  mmw  as  tiat  conditiona  become  more  favorable.    Sui»taiiccs  which 
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■widy  su&pend  the  \-italtty  of  bocUrin  ttt  called  aiiittplit^;  vbHtt  \ha^-  wUch  fciU 
ihem  outrighl  nre  ttrmidda.  A  tUrd  daw  of  diainfKlanli  is  toroicd  by  (Ik  drojoraali, 
which  obscure  or  destroy  the  odoroti*  bnderial  products,  but  which  hrt*x  Dttle  actioa 
on  ihc  h^iciciij  Ihcmsclvef. 

Factors  Determiaing  Usehilneso. — Thi^  nature  of  ih«  ontiicptic  subatoDcc.  or  thr 
«treTiglh  in  which  it  is  ua«d.  ar«  by  no  means  the  only  factor*  dctcrmiiiing  its  t&iitmj 
aod  lucrulncw.     Amon^  the  other  uiasr.  impoitsnt  Uctots  may  be  taCDitoncd: 

The  nature,  peculiariti^  and  iiumU'r  <>(  nucroOrgnntMnt;  the  time  M  esposore;  the 
influence  of  orgiinic  mnttci;  the  pcnelration,  toxic  And  cortMvc  Mtiom  n(  the  ageat; 
aDd  in  svtmi;  ta^cs,  it'^  (\"t,  Wiiicly  ii'lvvrl!»ed  aiill±«ptlc3  eHpedaUy  prcMDI  a  very 
■tlikinR  (lii|iri)j)-jrlkjn  tielivccn  cost  nnd  efficiency. 

The  laSuence  of  Proteins  and  Other  OrKunic  Matter. — Many  tubstiuices  wluch  arc 
■tranidy  germicidal  when  acliny  un  the  buctcrtu  alone  ate  much  vcakcoed  by  cntcriBi 
into  chemic  renctions  with  the  medium, 

Hias,  potas&iitm  permanganalc  it  deitroytd  by  all  or^nic  matter;  mercnric  cUoiid 
l>  predfiMtd  by  proteins;  silver  iillriitc  by  clilorids,  etc.  Thcte  Insoluble  ooiBUa»> 
tknu  are  no  longer  gFrmiddal.  rurlher.  they  hindtr  Ikt  pftuir^wn  vi  tbe  antbepCtc, 
ft  condition  of  contidcrnble  surgical  importance.  The  antiKptics  of  the  aiomaUc 
Mrics  are  relatively  little  ufFectcd.  From  ilic  Mandtx'lnt  o(  antUeptlc  cAdeacy  and 
penetration,  the  phenols  >tjnd  highest,  e.itwtimenially  (Keilty  and  Packer,  tots;  far 
relative  place  of  other  antiseptics,  the  original  paper  muit  be  coniulted).  Oo-nvrl, 
ei'cn  Ihrsc  ate  iiiaikedly  impeded  by  scrum,  even  when  there  is  no  |irecipitaIioii 
(Bei'hhold  afid  Khrlich,  190A).  Indeed,  serum  and  body  fluids  in  sencral  ialcffcn  very 
much  with  the  ncti\it\'  of  nil  nntiscpiic!.  (\'crhoc-ff  nnd  Ellis,  iijoj). 

The  DUlofMtliig  Power  of  the  Cammotily  Used  Antinq^cs. — On  accoant  of  tk 
different  n^istinji;  iiuwcr  of  dil^ctcnl  huclcrin.  und  the  i:iw  with  nrliich  the  aatiMptiC 
action  is  modilied  by  circ  urns  tunc  c^,  the  lciuil--i  of  eiperimcnis  directed  to  ooinparittf 
the  different  .mliwpiie*  can  nut  lie  Rcncrali/cd,  Tublc«of  aotisrptk  valw*  are  therfr 
tore  uiuatisf^ictori'.  In  a,  general  wiiy,  il  may  be  uud  that  mercuric  cUorid  and  rilfvr 
nitrate  arc  the  most  powerful.  Then  come  copper  and  anc  «dlt«;  then  fonnaldeh^rtt 
chlorin,  and  h.vdrogen  pcruxid;  then  the  crmnls  then  carbolic  acid.  Sallcyfic  tod, 
buric  ncid>  sutpjiurous  acid,  and  the  csienllal  oils  are  antiiieutica  rather  than  KtrnSodea, 
Iodoform  manifests  its  action  only  umler  sjieirial  c»nditic>ni.  Femo*  nlphalr  h 
merely  deodonlaDt.  Lepinc,  i»Sb,'claims  ihai  mitlure^  of  aDtiMplici  am  often  mon 
efScient  than  would  be  eipected  from  their  ingiedicnli. 

The  Preservation  of  Food. — The  li.tliititv  of  org.inic  food-stulU,c«peciaUy  meatatd 
milk,  tu  buclL-rial  doconi|x)silioii,  often  rcnderi  their  chemical  pmcrvatkn  a  taattarf 
economic  necessity,  A<et»is,  refrigcralion,  or  nteriUiation  by  heat,  are  ikot  »l»irt 
applicable.  That  the  use  uf  chcmic  ]>rcscr\-atii-es  ix  theoretically  tindedrabk,  <* 
account  uf  their  ixn^iblc  de1eteriuu6  action,  n  universally  jcranted;  in  practice  bn- 
ever,  this  c%il  may  be  less  than  those  resulting  from  the  consumption  of  portly  ittm- 
posed  foods.  The  time-honored  use  of  sugar  or  salt-cured,  corned,  and  xnMkM  b^^ 
of  vinegar,  spices,  etc.,  ts  a  suflitirnt  prool  of  thccomp(ir»iii«innaaion»nea*of  saveM 
the  preservative  measures.  More  recently  there  have  been  inlrodncml  a  lMinbci*I 
preservatives  which  are  more  jKiwcrfnl,  nnd  which  cin  not  be  detected  yrj  li«  O^ 
These  offer  a  special  interest,  and  ihcy  have  acrj>rdinaly  given  riie  to  much   discuy*]- 

It  is  self-evident  that  markedly  loilc  and  irritant  oubfttancea,  such  aa  fomaUcbl^ 
should  be  enlirelv  excluded.  The  princinal  ditlcrcnce  of  oiMnaon  is  in  repaid  U  Hlh- 
alanccF',  such  us  inmates,  borates,  siilphitr.*,  saccharin,  etc.,  which  da  not  jttAsce 
marked  effects  in  the  quaniilics  ordinarily  used.  Their  opponenta  test  thrir  c^JI'"''? 
Buunly  on  their  action  on  weak  or  disca.wd  individuals,  on  infants,  nephritic*,  "f^ 
dyspeptic!^;  and  10  the  cumul.ilivc  tJTfrts  of  their  continued  od  minis  in  lion.  Tt«te"> 
however,  no  evidence  as  to  the  degree  of  danger  from  their  intermittent  use-,  nmlrt  }■• 
actual  conditions.  At  all  events,  the  consumer  should  be  made  aware  ol  llM  AlMi* 
of  the  preservative,  nnd  of  any  possible  danger*.  _      ^^ 

Drinary  Antiseptics. — The  unne  uud  the  bladder  tnay  be  dUnJecteil  to  a  C^'^'^^'l! 
degree  by  dru^s  ndmlnistcred  thiouith  the  mouth.  The  eflicSeDCy  of  uriouy  aadxpO^ 
is  naturally  limilcd  by  the  brief  contact.  It  is  therefore  not  neceMtany  «!*•* 
In  the  phcnol<oe Ilk-it- nt  IHinman.  I'jis).  The  antiseptics  of  the  aromatic  stffc* *** 
auffidently  conccnirnied,  in  the  course  of  their  excretion,  lo  be  (AeelJve,  M,  ■  1*5^ 
rhea.  Sodium  salicvlaleor  hcnu^alc  or  snlol  are  used  for  this  pwpoM,  aa  also av^j^ 
Cubeba,sandaI-wo<xi.  mL-th>k-ne  btur.  etc,  Sunlal  is  especially  WMUlanlutstlW^ 
cocci:  but  none  of  these  anlisciitici  ore  very  powerful  (ILnman.  1015).  "W"***?? 
product,  however,  is  licxamethylenaniin,  which  jirld*  (orm.-ddehyd.  TTiis  b  ow" 
pyelitis,  inflamed  bladder,  and  for  Tendering  the  urine  asepdc  fu  in  typbM)  ^""ih 
Increased  acidity  of  the  urine  also  destroys  bacteria.     Dilute  mineral  acitlti  <*  *'" 


SEBUUS   ANU  VACCINES 


S27 


I 
I 

I 


•odium  photph&le,  may  be  used  {Jordan,  iQii).  AUtalinily  inlcrfcies  grcnily  wiih  the 
a<:tivily  of  bciuontci,  talicylntcs  nncl  licxnmclhj'IcniLinin;  not  H)  [niirL  »itll  boraln  or 
s*Bd»l  (Jordan,  i^ij). 

IsMMlMl  AiltiM^ticti.^Thi^  l^lE^inf«:lion  of  Ihp  atimcntnry  cinul  would  lir  iitifFul 
in  varioiu  ttyRpepcinii,  intcitinn!  pulrcfuctmn,  in  tyjihniii  tcvrr,  chnlcru.  etc.  Many 
cxptrimcnts  DBVC  been  dlcoclctl  to  ihii  end.  Xs  u  mull,  U  may  bv  concluded  Chat 
tomtliU  aitpsii  U  impossible  in  this  siimition. 

Thii  in  ciisilv  comiirehcndcd  if  one  iUija  to  conddrr  Ihc  Inritc  nuoiher  of  bncteria 
pmcnl,  cspceiully  in  itic  colon;  Ihe  \nTgB  raafs  o(  miitcriul  in  the  inti^itine,  tending  to 
weaken  the  ontiKptic  and  to  prevent  iti  access;  the  reod^  atnon'^on  ^'^^  con>ei)iicnt 
danger  of  Beneral  poisoning;  the  sensitiveness  of  the  intetllnid  rnn^il  1o  irtilaling 
accndca;  (he  fact  (bat  ferment  aclioa  is  dimiolshnl  by  all  aniiseptin,  etc. 

When  the  aniiseptirs  Me  used  in  such  an  amotint  as  to  injure  the  mucoi.a,  ihcy  mnj- 
even  increase  the  number  of  liiicteriiu  It  wns  also  argued,  at  one  time,  lh.it  antiseptics 
woold  bt  injurious  by  checkiru;  the  saprophytic  bacteria,  which  were  nu|i])0!(«d  to  be 
neceHary  for  digestion.  This  theory  ho*  lieen  ili5provc<l;  nor  do  they  nppeiir  to  hinder 
the  dig»tivR  fcrnicntt  nintcrinlly,  .although  they  Ic^ni)  in  ihi»  directum  (Ucincbcrjt 
and  Baclimann,  1909). 

Although  a  complete  intestinal  asepsis  is  an  impouibility.  a  relative  aicpNs,  a 
limitation  of  an  abnormally  increased  bacteria!  .tctinn,  in  rather  probable;  it  has  nut, 
huwcver.  been  satiifactorily  dcmonslralcd  (Harris,   1911). 

The  bacteria  in  the  lumen  of  the  intestine  would  be  much  more  readily  acted  upon 
than  those  which  have  .alrcaxty  obc^incd  a  nidus  in  the  iatcitlnal  wnlli^,  and  antiseptic 
mca»ur«s  will  \x  of  greatest  benefit  against  the  unprotected  bacteria. 

The  antiseptics,  at  bc?t,  seem  to  lie  inferior  to  luitable  modifications  of  diet  and 
e^'nclIalion  nf  the  inin^linrni  (Friedcnwald  and  I.dtx,  1909).  For  antiteptia,  more 
ilrfctly  ipe-ukinK,  the  ptcrcrencc  is  Kivcn  to  those  wluch  arc  only  sparinRly  soluble,  m 
that  they  will  not  be  absorbed  before  renchinK  ihc  colon.  The  most  useful  intettinal 
anliacptlcE  arc  naphlhiiUn,  nnphthol.  the  cicsols,  iind  guaiacnl,  thymol,  camphor,  salol, 
etc.     Comparative  c.ipcrtmcnti  with  these  ami  olhrrs  were  miide  by  Hirata,  1910. 
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Antitoxic  Serums. — Tliese  contain  antitoxic  !iuh»tance.>i,  proiluced  hy 
the  injtrction  of  bactmal  toxins  into  living  animals,  in  practice  usually 
hora«s.  Definite  globulins  of  Ihe  serum  of  such  immuniserl  animals  con- 
tain specific  antilKtdies,  which  combine  wilh  ihe  curre>|)onding  toxins 
into  harmless  compounds.  The  injection  of  these  scrums  into  patients 
therefore  confers  ;i  passive  immunity  to  the  disease,  without  other  direct 
effects.  According  to  the  time  and  place  of  injection,  rapidity  of  absorp- 
tion, accessibility  of  the  toxins  and  bacteria,  the  effect  may  be  curative 
or  merely  prophylactic.  The  nrolecliitn  persists  only  for  a  few  week.-*, 
until  the  antitoxin  is  destroyed  or  excreted.  The  serum  proteins  often 
cause  the  slight  irritative  phenomena  of  "serum  disease,"  and  sometimes 
severe  anaphylaxis. 

Antitoxin  therapy  is  limited  to  a  few  diseases,  especially  diphtheria 
and  tetanus.  Moitt  other  bacteria,  especially  those  with  endocellular 
(Qxins,  do  not  provoke  the  formation  of  soluble  antibodies,  at  least  in 
sufficient  amount  to  be  effective. 

Vaccines. — These  provoke  the  formation  of  specific  antibodies  by 
the  patient  himself,  by  inducing  a  mild  or  modified  harmless  attack  of 
the  disease.  They  therefore  confer  active  immunity,  which  is  much  more 
Lasting  than  the  passive.  Their  field  is  much  wider  Ihun  ihal  of  the 
antitoxic  serums,  since  probably  all  bacteria  and  their  products  can  act 
as  antigens.  The  bacterial  vaccines  are  usually  suspensions,  extracts  or 
filtrates  of  killed  cultures  of  the  specific  bacteria.  Those  prepared  from 
the  organisms  obtained  from  the  [>alient  himself  (autogenous)  arc  usually 


5^8 


MANUAl,    OF    PHABliACOLOCY 


much  more  effective  than  "stock"  vaccines.  As  vaccines  do  not  con- 
tain scrum,  they  <io  not  produce  "scrum  discaw";  but  Uicir  toxins  usually 
cause  more  or  less  febrile  and  local  reaction.  Their  value  is  roost  $(rikin( 
in  prophylaxis;  in  this  way  they  may  be  effective  e\'cn  after  exposure, 
but  before  the  disease  has  de\'e!oped.  They  may  also  be  curative,  tsp^ 
cially  in  stationary  localized  infection.s, 

Mechttiu'sm  of  Action. — The  vncdnc*  net  largelj'  by  pravoking  the  productiMi  ol 

spcciric  unlibodics;  but  partly  itl&o  by  nliiiiulHtion  of  ihclcucorytct  and  other  aclivilici 
(Hoktix'n,  [(|i6).  Increase  of  proti-aMr  and  lipuie  may  be  important  Ficion  ijgbliis 
and  Petersen.  igi6).  These  mechanifiniK  aic  invoiced  e«peciBltytocnitAi[ilhcactirit]r 
of  non-&|>ecilic Factors 4uch  a^Iheinjcctiiin  of  noO'ipccific  b&Ctcrik  and  lostiu,  prolno. 
clcavBjfe  products,  kaolin,  ric. 

Sensitized  l^rus  Vaccines. — LiWng  bacteria  troitcd  with  ttpcdfic  antbcn  are 
claimed  liy  Be^rcdka  i>>  he  |x>wrrful  nnd  luLrmlcai  vacdncs.  More  rticonve  eipsi- 
CDiT  is  ni-edF(l  (Swift  nnd  Kinsdt^i.  1916). 

Limitations  o(  the  Text — The  theories  of  the  nature  and  fomuUioa  of  Uxtnt  and 
anlibmliM  are  usually  iiviigticd  to  b.iclefk'logy  and  |MlholoR>',  and  need  not  be  ro«- 
tiidrrrd  hem;  Dur  will  it  be  profitable  tu  discuss  llic  numtrruus  nicents  whose  value  ts  col 
yet  established.     Th(»c  which  are  more  or  Icff  promising  arc  dcscrilied  in  X.X.R. 


DIPHTHERIA  ANl'ITOXIN 

This  was  discovered  by  Bchring  in  1890,  and  applied  thcrapeuticaUv 
to  man  by  Rotu  in  1891.  The  results  arc  strikingly  successful  It 
arrests  the  local  process  and  the  systemic  symptoms,  and  redtice*  ibc 
mortality  of  the  disease  to  about  one-fourth.  It  should  be  administend 
iu  adequate  doses,  as  early  as  possible;  for  the  mortality  increases  from 
4  or  s  per  cent,  if  it  is  given  on  the  first  day>  to  over  20  per  cent,  if  dcla)^!! 
beyond  four  days  (Park.  1906). 

Production. — ^Tlie  anliloiin  is  produced  by  injectiae  healthy  honM  hypodennkalljr* 
at  four-day  inlcrii-als  with  diphtheria  tonjn,  i.it.,  with  filtered  iterilc  broth  cultures, b^"- 
Ktnning  wiih  very  tmall  doM'«,  which  xrc  iiii-rcasL'd  at  vatylnjt  Intervals  acmnfiag  t^3 
the  amount  of  reaction.     This  treatment  U  conlinueti  (or  Iiom  four  to  «i»  monlta^ 
'  until  a  high  antitoxic  power  has  been  rcjichcil  (a$  determined  on  umall  i.unplc<  of  blooc^^B. 
withdrawn  fiom  lime  to  lime).     The  liorM-  is  then  bled  from  the  eilerrul  Jucular  rti      ~ 
wfth  strict  asepsis.     This  can  be  easily  done  without  aneslhraia.     Seven  to  t>  liw 
are  collected  in  sterile  bottle*.     When  The  ;cnim  or  pintma  hu  ircjurated.  it  u  filui 
through  Itcrkefcld  fitters,  and  some  antiseptic  (pheuol  or  crewl),  i>  idiUil.    Tlie  an 
tonic  strta^'tU  is  deterniined,  and  the  a;);jropnatc  doses  are  nuukelnl  in  aicptic  1 
syringe^  (o  ob\-iate  contamination  during  odminittration.     Weaker  i«rum»  may 
reduced  in  bulk  by  partial  cvaituratlon  in  a  vacuo. 

Standardization. — The  strength  ot  the  nniitoxic  lera  has  to  be  dctennliied 
testing  its  protective  power  on  guinea  pig*.     The  original  imiBumly  unit  was  ten  tin 
that  qu.iniity  of  .inLitovin  which  wctuld  completely  prulrcl  a   .•jei.pam  guinea  [ 
UKain^t  ten  times  the  fatal  dose  of  toxin;  In  other  words,  each  bnmunity  unit  neuir~''~ 
a  hundred  fatal  doses  of  toxin. 

It  Wis  found,  howc\cr,  that  a  givta  fterum  seemed  lo  have  s  different 
value  nlteri  tested  with  different  samuin  uE  toxin-     Tbk  ww  eiplalaed  by  ElirBck  ■ 
the  assumption  that  the  filtered  brotb  culture  contain*  Kveial  consttluroU  capable 
ncuiraliiiiig  antitoxin;  and  that  only  one  of  tLe*e  is  loiie.     The  proportioa  ot  toxic  " 

oon-toiiii:  nculraliiing  elements  varied  in  the  Kveral  culture;,  »o  that  the  fituH»liifi^BBP< 
and  toxic  <|ualitiri  would  not  go  {urollcl.  To  obviate  this  uncertainty  a  staodnd  lOL^^wn 
was  ptr|ured  from  a  certain  standard  loidn. 

ThUstjndardsiilitnxin  is  issued  by  the  U.S.  Public  Health  Scr\'icelOB«aauIact«rt?T^^'\ 
and  is  in  turn  used  tor  determining  tne  "lett  doit"  of  the  toxin  to  be  cnpfojed  ■  ^^"ie 
actual  standard ijiaiion.     Thift  i%  the  hrnnl  unonlity  af  taxia  Kkitheam  bt  tomfisdy^    J 
tratUtdby  the  unit  n/slixridcrd  onliloiin,  so  that  a  i^^-^raffl  gidnca  pig  will  tarrin     ^W 
(our  daji.     ThLi  toxin  is  then  used  in  slandardidng  the  scrum  to  be  tested;  lir  t**^-^* 
Qwmlily  el  irrtim  vhink  Hnil/nJistf  a  Irst-doM  of  tht  toxin  ttnitiiat  ete  unit  af  .talr'j*-  ** 
This  new  unit,  which  is  now  employed  umvenally,  b  apfKoxinutdy  equivalent  lo  ** 
old  unit,  but  is  more  uniform. 
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"  Purified  Antitoxin." — If  the  proteins  of  antitoirrc  serum  arc  sepa- 
rated by  fiacliona!  precipitation  with  salts,  the  antitoxin  is  found  prac- 
Ijcally  Completely  in  the  pseudoglobulin  portion  (Gilison  and  Collins, 
IQ07;  BanzJiaf  and  Gibson,  IQ07).  The  non-antitoxin  protein*  may  thus 
be  largely  eliminated.  These  "refined"  serums  permit  reducing  the  bulk 
of  the  injection  and  lessen  the  liability  to  rashes  but  not  to  anaphylactic 
shock  (I^rk,  1913). 

Th4  Gibson  procrss  of  puiifioLtion  consisis  in  precipitating  aU  the  globulins  by  an 
fqual  volume  of  <iiliuatcd  amroonium  sulphate  snlulion  (other  sulplial<'^  mav  be  used) ; 
the  prcdpitsle  is  titttcd  with  suturalcd  solutiun  of  Mxlium  cliluriti,  which  dissolvn  the 
pseudoglobulin.  This  b  again  precipitated  by  acetic  add.  and  this  prrci  pit  ale  it  dial  yicd 
to  reduot  Ihc  sail,  to  o,S  |wr  cent.  The  pseU'ii.>elobulin  fnicliun  of  uorma]  scium  ia 
about  40  per  ctiil.  o(  the  lolal  prolein^;  in  immuciiicd  tenxm  it  is  about  78  pet  tent.; 
iO  that  this  proccai  eliminates  only  about  onc-tifth  of  the  lota!  priilcins.  The  propor- 
tion fan  be  raiwd  by  heating  the  serum  (or  several  hours  to  sr°C.,  before  procecdin|"  to 
Gib«on'«  process  (Banihnf,  tgii).  This  Batishaf  friK€Ss  eliminates  about  50  per  ccdL 
of  the  proteins,  without  material  loss  of  antitoxin  (Park,  1910). 

Deterioration. — The  antitoxic  power  of  serum,  plain  or  piu-ificd,  de- 
clines gradually,  the  loss  averaging  between  10  and  jo  per  cent,  per  year. 
If  kept  on  ice,  the  yearly  loss  is  only  about  6  per  cent.  (Anderson,  1Q09). 
If  aged  serums  arc  used,  allowance  must  be  made  for  the  deterioration; 
othnwisc  their  use  is  quite  safe.  Dried  serum  does  not  deteriorate,  but 
is  inconvenient  to  dissolve. 

Clinical  Efficiency. — The  antitoxin  is  not  directly  bactericidal;  but  by 
inactivating  the  toxin,  it  arrests  promptly  both  the  systemic  and  local 
phenomena  of  the  disease,  the  more  strikingly  and  promptly  ihc  earlier 
it  is  used.  The  exudation  ceases  to  spread  and  clears  more  rapidly; 
it  rarely  extends  lo  the  larynx;  the  swelling  of  the  cervical  glands  sub^des; 
the  fever  falb  promptly,  and  the  general  condition  improves  quickly. 
The  occurrence  of  paralysis  is  not  affected. 

The  very  much  superior  results  of  early  adminislralion  make  it  incum- 
bent to  employ  the  antitoxin  just  as  soon  as  a  well-founded  suspicion  of 
diphtheria  exists;  i.e.,  without  waiting  tor  a  positive  diagnosis.  The  pos- 
sible dangers  of  the  treatment  are  so  slight  as  to  be  negligible  in  view  of  its 
great  benefits.  It  is  even  advisable  to  employ  immunizing  doses  in  case 
of  cxpostuv.  before  the  disease  develops. 

Pulor*  to  Prevent  Par»lyM8.— H.  Meyer,  1905,  attributes  tluii  to  the  absorption  of 
part  ol  die  toxin  through  the  nerve  sheulhs,  where  ll  would  be  protected  ngainjt  the 
antitoxin. 

Circulatory  Collapse. — This  U  prevenied  if  the  antitoxin  i*  administered  before  the 
hloucl  iKcMuru  hiLi  sliiricd  lo  tnll;  nftpr  this,  aiilllu^iii  i*  useless  (H.  Meyer,  iqoq),  the 
toxin  being  jitet-umabty  fixed  in  the  cells. 

Administration. — All  immunizing  sera  are  practically  inactive  when 
taken  by  the  alimentary  canal  (McClintock  and  King,  1909,  p.  394)' 
They  are  therefore  injected  into  the  loose  subcutaneous  ti.siiue  of  the  ab- 
domen, back  or  flank.  Tlie  skin  and  needle  should  be  cleansed  with 
alcohol.  The  injection  is  made  slowly.  lulraveiious  injection  has  been 
advised  in  urgent  cases.  It  does  not  seem  to  be  dangerous  if  proper  pre- 
cautions are  obnerveil  (I.evin,  1909;  Park,  141:). 

Absorption. — This  is  quite  slow,  the  maximum  concentration  o(  antitoxin  in 
the  blood  b^ng  reached  ouly  after  11  diiy  wiih  Jniramiisruioi,  and  in  three  days  with 
hvpodermic  injection  (Levin,  Park),  The  dislributian  has  becu  studied  b>'  Hcktoen  and 
<^r(»on,  1910. 

Hie  concentration  «(  antibodies  itenerally,  both  In  active  nnd  passive  inununltyi 
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decreatMlD  (be  order  ol  Mnun  (higlitst),  Iboracic  lynpb,  neck  lynpk,  iwfcM*^ 
fluid.  *i)ueoui^  huQiof,  cerebro^iumil  fluid  t1ca:it).  Tlui  iadk^Us  Ibat  they  pMb*^* 
the  blood  iotu  tlic  lym|>h  (Becht  tmd  LucLbardt,  1916). 

DosRge. — This  varies  with  the  stage  and  severity  erf  the  disease;  i*" 
age  of  the  patient  need  not  be  con^cred.    The  immunismg  dost  if  ito* 
500  to  1,500  units.    The  ctiratm  dose  is  usually  5,000  umts  in  mild  tk«^^i 
10,000  in  H-verc,  and  30^000  in  malignunt  cases.    larger  dowcs  <lo  "" 
further  good  (Park,  1914).    Half  the  initial  dose  may  be  »p«ated  l"**"^ 
or  three  limes  at  inten-aU  of  about  twelve  hount,  according  to  the  prop^* 
of  the  di!u:ase;  but  it  is  better  to  make  the  initial  dose  suffidently  U^Sf' 
since  experiments  have  shown  Uiat  ihi.i  insures  a  higher  concentratioo   '" 
the  btood  (I'ark,  191^0.  « 

Side  Actions  and  Accideots. — In  perhaps  a  third  of  the  cases,  the  *^ 
ministration  of  scrum  is  followed  by  the  insignil'ican  t  phenomena  of  "  ser*'-'* 
disease."    Very  rarely  severe  or  lata)  collapse,  presumably  analogous   ** 
anaphylaxis,  occurs  within  fifteen  minutes.    The  two  phenomena    *^ 
quite  distinct,  but  both  are  due  to  the  scrum  proteins  and  not  speC^' 
caJIy  to  the  antitoxin.     They  arc  produced  by  all  scrums.    The  scri*^*** 
cases  are  so  exceptional  ihal  tliev'  .should  not  restrict  the  use  of  anlito^c^'^' 
but  the>'  should  enjoin  caution  m  sensitive  patients. 

Serum  Disease. — After  an  incubation  of  eight  to  twelve  days,  oV  * 
somewhat  shorter  time  if  the  injcr lions  are  repeated  (Goodall,  1911^  ^ 
rash  develops  on  the  skin,  with  swelling  of  lymph  glands,  a  slight  (cv^*' 
and  sometimes  (3  or  4  per  cent,  nf  all  injections)  pain  in  the  joints.  T~  *•* 
rash  varies  but  is  commonly  urticarial  or  trj'ihcmatous.  It  w  sometiir*  ** 
preceded  by  prodromal  sensitiveness  and  slight  rc<lncss  of  the  skin  at  t  *^j 
sile  of  injection.  The  serum  ])lienomena  are  less  common  with  purifi  ^y 
antitoxins;  with  scrums  of  other  animals  they  are  mote  severe  than  ir»  ^^ 
horse  serum. 

StHiiftCio  oF  scium  licknMX  a^rc  presented  by  Stuiicruii,  iqi6. 
NVttei.  io^>.  dninii  that  the  rashes  are  1cm  frequent  if  caldum  cbhxtd  Is  adi 
btercd:  t  Cm.  diiily  by  m'>ulb,  on  the  day  of  injeclion  and  on  the  two  foUotrii 
Relation  of  Sofum   Disease  to  ABttbodies.— In  man,  aaaphylactic  an 


tu«  not  jirnciK  durini;  tlii^iMtiy  portod of  Mtmratkkneu,  but  thcy  reach  Ibelr 
toward  tli«  clo^e.  Ttiii  indicates  that  the  antibodies  ore  coMCraed  in  the 
rather  than  in  the  cnuKntloii  of  scnim  diseue  (Longcope  and  Radcemaim,  1916). 

Anaphylactic  Phenomena.~The3e  occur,  but  verv  rarely.  In  pa 
disposed  lo  aslhmu  and  hay  fever,  or  those  having  idiosyncrasies  a^i 
horses;  they  generally  have  a  status  lymphaticus.  Serious  symptoms 
in  something  like  t  :  to,ooo,  death  in  i  :  100,000  injections  (Park,  191I 
The  effects  set  in  very  suddenly  with  swelling  of  the  respirat 
mucosa,  intense  dyspnea,  failure  of  re^iration,  coUapae,  and  a.^pbyzia'^^ 
death  within  ten  or  twenty  minutes.  These  phenomena  resemble  ^""y^Jw 
closely  those  seen  in  expenmental  anaphylaxis,  but  they  occur  generaUj-''*'^ 
with  the  first  injection  of  scrum.  Tlie  most  promi.iing  treatment  of  suca 
cases  is  atropin  and  epincphrin,  to  paralyze  the  bronchial  muscles.  If 
there  is  cause  for  apprclicnsion  before  giNing  the  serum,  the  su-vrpli- 
bililyof  the  [>aiien[  may  be  Ic^^tcd  by  injecting  a  small  dose  (0.5  c.c.)of  the 
scrum  an  hour  before  gi^-ing  the  full  quantity.  Atropin  may  also  be  used 
as  prophylactic. 

Aclite  Immuniution. — v.  Bchring,  191J,  alicmntcd  ihit  with  ovcnnitndlted  ibIv 
tiitc«  of  diplithi'iu  toxin  ami  an  cx«m  ol  antitoxin  (Horaemana,  1915),  itlih  or  wiUtaiit 
vaccines  from  kilted  diphtheria  baclllL    Pvk,  et  «L,  1914  and  lotj.  have  chfldMd 
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tht  resulls  with  the  Schick  tut.  Natunl  inimunity  ix  greatly  incrcn&Kl  by  the  tmt- 
nicnt,  but  thU  would  he  su{>crI1uou*.  In  tutccptjblc  in(livii1ii:iU,  the  immimily  it 
productd  very  slowly;  Ijul  link  ha*  developed  in  loui  to  ijx  wcclui,  but  it  continues  10 
inctcwe  for  a  jwir  or  lonRCt.  The  mclhod  is  therefore  cf  little  value  for  Inmiwliato 
immuDization,  but  proRtUioK  for  pcrmaneni  proiuction- 

PRRPAKATIONS — AN  ni>iril'ntEKIA  SKKUM 

*Sfrum  A>aidipillitri(utit  (Scr.  Antidiph.),  IT.S.P.  (Diphihitia  Antiioiin). — The 
serum  o(  horecs  properly  inimuni^cil  »]jHin.^l  diplilhcria  toxin.  It  muit  in.'  kept  in 
M«lcd  glu*  containers  in  &  dark  place  it  it  temperature  between  4.}°  ^nd  is°C.  A 
ydlmri*ta  uuniparcnt  or  slightly  turbid  liquid,  ol  ut  most  slinlit  ixlor.  A  tube  of  anli- 
todn  once  openixl  <Jiould  not  be  used  :igalii.  The  seniin  must  be  prepared  In  cttabtiiJi- 
ments  licensed  and  sui>ervised  by  the  U.  S,  Public  Health  Service;  it  muit  come  (rora 
healthy  animijs;  it  must  be  sterile,  (/ee  (rom  Irjidii  and  bacterial  products,  and  muat 
not  contain  more  than  o.s  per  cent,  ol  phenol  or  0.4  jiec  cent,  of  cre«>l;  the  total  solid* 
nuut  not  exceed  10  per  cent.;  and  the  potency  must  be  at  least  250  units  per  cubic 
centimeter.  The  sUndiiM  of  slrcnjrtli,  e^resscd  in  units  o(  antitoxic  power,  shall  bo 
that  cttAbUahed  by  the  L'nitcd  Slates  Public  Health  Service,  .\ntidijihtheric  Serum 
gradually  loMt  in  potency.  The  Ubcl  must  state  the  date  beyond  which  the  contents 
cuk  not  DC  expected  to  yield  its  specific  itsults.  Average  dose.  Curative  10,000  units; 
Protective,  t.ooo  units,  U.S.P. 

'Semm  AnlUiphiheriaum  PuHfiiatum  (Ser.  Aniidiph.  Piirif.),  D.S.P.;  (.^nildiph- 
tbcric  Ciobulins;  Rerined  and  concentrated  liiphtheria  .\otitoib).— A  solution  in 
0>&  per  cent.  NaCl  sululion  of  antitoxic  Klobulins,  prepared  by  Gibson's  method,  and 
cmpplying  with  the  regul.Ttioni  tor  the  plain  ierum. 

Str,  Antidiph-  Site..  U.S.P-;  Dried  .\ntidiphliieric  scriim- — Obtained  by  evapuraiioa 
of  either  oj  tlie  pnc&mn  at  a  low  temperature.  It  must  be  readily  soluble  in  0  parts 
of  water. 

NORMAL  HORSE  SERUM 

The  injection  of  normal  serum  of  man,  horses,  or  olher  animals  is 
sometimeii  used  to  arrest  persistent  hcnnorrhagc  in  hemophilia,  severe 
anemias,  purpura,  etc.  (Bienwald,  1897;  Weil,  1907).  Its  value  is  not 
constant,  but  sometimes  it  appears  to  be  effective.  Trember,  1910, 
attribulct  the  results  to  leucocytosis.  It  has  the  same  side  actions  and 
dangers  as  antito.tic  scrum;  and  these  dangers  must  be  taken  more  seri- 
ously, since  its  benedU  are  only  problematical.  It  is  administered  by- 
podcrmically,  10  to  ^10  c.c;  the  results  arc  said  to  appear  in  twelve  to 
twenty-four  hours  and  last  one  to  three  months  (Richardson.  tpoS). 

HEMOSTATIC-TISStJE  EXTRACTS;  KEPHAUN 

Extracts  o(  various  tissue  cells  hasten  the  coagulation  of  the  blood,  due  to  their 
content  of  the  lipoid  kcphalin,  which  h  svipiiosed  to  constitulu  ihc  fiicior  ol  blood- 
eoa^ulation  that  h^is  l)««n  variously  termed  zymoplaslic  or  ihrombopla^tic  su'ratarcB, 
thrombolcinaiu  and  thrombopln^tin.  Kephnlin  is  the  prinrip.1l  lipoid  of  the  brnin. 
A  partly  purified  "Brain  lipoid"  (N.N. R.)  is  Iherelotc  used  as  hemostatic  (FlcM,  1915; 
Hirschlclder,  1916;  J.  McLean,  1916}.  It  b  used  locally  on  bleeding  surfaces,  and 
nibcutoneously  or  intravenously  against  hemorrhagic  conditions.  The  details  of  the 
ptcparstion  oiM  application  are  described  In  N.X.R.  An  extract  of  blood-platelet*  is 
nuffkctod  M  a  hemostatic  under  the  name  o£  "Coagulcn"  (N.N.R.). 


TETAHUS  ANTITOXIN 


Thia  is  prepared  in  the  same  manner  as  Diphtheria  .\ntitoxin,  except 
that  tetanus  loxin  is  used  lor  the  iiiimunization.  It  has  a  high  pro- 
tective value  if  used  early;  and  it  would  be  desirable  to  administer  it  in 
every  auspicious  case,  but  without  neglecting  thorough  disinfection      "" 


Its 
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curative  value,  after  the  symptoms  have  set  in,  h  doubtful  and  st  1^^*^ 
limited.  It  does  not  affect  the  toxin  which  h  fixed  in  the  ncni-c  ccll<.,  i»  '*" 
could  only  reach  that  whicli  is  slill  free  or  being  formed.  The  latter  cJ**'' 
generally  be  prevented  more  cfTcctively  by  surgical  procedures. 

Immunizing  Dose. — 'i'hia  con^sts  of  1,500  units,  h>T>odcnnic»L-'3''' 
repeait'il  in  .1  wi-ck  if  the  wound  continues  to  suppurate.  The  wound  m-^y 
also  be  drciscd  with  dr>'  scrum.     The  protection  lasts  two  or  three  wteU'^ 

Curative  Dosage. — In  view  of  the  slow  abaoiption,  and  the  importsa  • 
of  gaining  time,  hypodermic  administration  alone  is  insufficient.    Lar| 
doses  must  be  introduced  by  several  channels.    Park,  1910, 191 3  and  191 
advocates  the  subdural  injection  of  3,000  to  5,000  units,  followed  t^: 
10,000  to  15.000  units  intravenously;  the  spinal  injection  is  repeated 
twenly-four  hours,  and  a  hypodermic  injection  of  10,000  units  is  giv 
three  days  later  (Park  and  Nicoll,  1914;  NicoU,  1915).     Dreyfu:c,  lot^ 
urges  daily  injections,  combining  vein,  lumbar,  endoneural  and  local 


Intr«iieuTal  iDJNtion  wus  udvUtd  by  Mevcr  aod  RaBsom,  iooj|  iloM  tl>ey  I 
that  th«  toxin  trnvcU  Urgcly  by  ncive  iheatbs.  It  haa  not  mointaiDed  ftaell  to  { 
ticc,  but  U  jKAin  u'lviKiiti-d  by  v.  Itrhilnif,  1914- 

Subdural  In jectloo, acLxinlini!  luPaikuntl  Nicoll,  I4  marc  eSactlvethuIatnvfMo^B, 
and  vutly  better  thnn  hj-podcmik.  The  antitoxin  dJMiipekn  in  twenty-fmit  tMor*^^ 
»  that  the  RilministMlion  mmt  be  dAily  if  this  duiUM)  U  used  done  (Dreyfw}. 

OSdal  Doh  (L'.&IMI.S.). — TliU  is  ten  tim<>i  the  leut  quantity  cf  tenm  ■ 
louvc  ihclifcof  It  jjo-Cm.  guir"^  pix  (»r  nincty-sii  houna^nU  theofficull 
of  (tandird  toxin  ftirnithcil  by  the  U.S.P.U.S,  (K<i4cnnu  and  Andenoo). 


pri:paration's — ANTrncTANic  stamt 

*SeritM  AnliMimUum  (Ser.  Anliteton.),  U.aP.  (Tetanus  Antitaxin)^-Tb«  ( 
of  hott-a  highly  acti^'cly  Inununlxcd  aKAlntt  tetanus  taxin.  It  r«e»Mci  DipUr^rlt 
tVntitoxin  and  muat  meet  luudoeous  requirements.  AttMgt  Amx,  OantlTC,  i«w^ 
unilit:  Protective,  i,soouiiit)t.  IT-S-P. 

*Str.  AiHtiHam.  Purif..  U.S.P.  (.^ntlteUnk  Globulins;  Refined  uH  CHwslBfc'Krf 
Tetanus  .Antitonn). — AualoBous  lo  Scr.  Anlidiph.  Pudf. 

'Ser,  /iMft'Mdn.  SUt.,  U.S.P.— Anolosous  to  Set.  .\nti(Kph.  SScc. 


AITTIHSNIHOOCOCCUS  SERDM 

This  is  markedly  succcssiid  figaiosi  epidemic  cercbro-spinal  meaisiiP^'^ 
due  to  Diplococcus  inlraccllularis,  espccLaU>'  if  used  early.  It  redtKt*  *J 
the  symptoms,  dcmrs  the  cerebro-spinal  tlvitd.  lessens  the  duration  »■*" 
scqtjels,  and  diminishes  tlic  mortality  (Dunn,  190S;  Ladd,  1909;  Flw*^''' 
1913).    The  mechanism  of  its  action  has  not  been  dedded. 

PT«paratioa.— The  serum  ia  obtoiDcd  b^-  tb«  method  of  Ftexner  aod  JofaUoK^'Vf? 
from  bont<4  kclively  inununiMd  by  injcctionii  of  kSlcd  mcninicaoocd,  nnttiyw"  ^j^ 
lures,  and  tinulty  XW'iag  Wt«^  •ucucuLvdy  and  la  altMmiioa,  tlM  ircaUMW  >^"* 
continued  (or  monthi^  until  the  aeured  cffidcncy  it  obtained.  ._^ 

Action.  -The  tcrum  doe»  not  klU  ttie  boclerla  directly,  but  cmucs  tbtir  SuW^ 
Mice, 


mbdurai 


&««*► 


BMeraUt-  needed.  The  usual  dose  Ii  1;  to  30  c.c;  (or  young  tnfanlA  lo  cc  O*^ 
Kuinn]  fluid  ia  firkt  withdrami,  if  posdble  the  «ame  bulk  as  the  (eruin  <u  b(  IW*"^ 
The  blood  i>rcsMir«  chould  b«  wulched  durlnR  in)mion  toKuudagsiaHexcMivtl^ 
hon.  The  administration  should  be  repealed  e\-cry  iwriv*  to  twsnt^our  iMm? 
at  leaat  four  Injectiont;  and  longer  i(  the  fluid  and  symptoms  have  not  c''*'*''-!!! 
eaurrcaoeol  accidents  ia  dbcuued  by  Flcmcr,  igtj.  Tbcy  coariat  In  wdduioifcg 
with  stoppage  of  respiration  and  (id)  o(  blood  pressure.    Trie  cdects  have  bwa  tU^ 
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i(  the  pKWTvntive  (VocgtUn,  1914);  bul  tfais  is  probably  not  ihr  uauol  caUM 

ANTIPNEDMOCOCCIC  SERUMS 

Thae  huvc  been  developed  against  ctrlain  ftraini  oC  pneumococci  (Cole,  iQij). 
Btill,  1915,  ttlen  ihcir  action  la  itggluiinaiioTi. 


r 
I 


HAY  FEVER  SERUM 

Tbis  b  obUinctl  fiom  honn  injvctcd  with  the  piilbn-toxin  of  various  plants  wMch 
are  supposed  to  ouise  buy  fevrr  (Bloilcky,  iSjy,  Dunbar,  191 1).  It  b  u»h1  locally  In 
the  cyd  and  nose.  Its  value i&  Hmitcd;  it  is  not  ciurntlvc,  liut  often  g^vcssomc  relief. 
"FaU  Pollanlin"  or  "  Dunbar's  Strrum"  isptcparedjrura  ragweed  podcn.  It  Is  marketed 
as  seram  and  dried.    Other  scrums  are  obtamed  from  goldenrod,  etc. 

Bajr  fever  vaccines  are  also  being  tried.  Oppenhciraer  and  Gottlieb,  tgtj,  want 
acaiDiil  tlicir  um:. 

VACCINE  vans 

Tills  consists  of  the  scrapings  from  ihe  pustules  or  vesicles  of  vaccinia 
or  cowpox,  of  vaccltiatetl,  but  otherwise  healthy  calves.  It  must  be 
removed  ascptically,  is  further  sterilized  hy  sUnding  with  glycerin,  tested 
for  the  abitencc  of  bacteria,  and  marketed  in  lubes  or  "points."  It  i.s 
used  by  inoculation  (vaccination)  to  produce  active  immunity  ogEun&t 
smallpox,  the  protection  lasting  four  to  ten  years. 

AmontioiL — The  "pulp'"  is  curetted  from  the  typical  vaccinia  vesicles.  The 
"lymph"  which  flows  ailcrward  was  formerly  used  (or  makine  "dri-  jwiats;"  but  a* 
it  is  leas  potent  and  uenerally  sculic.  It  should  not  be  used.  Tlic  pu1|t  h  ground  with 
SOlo6operceDl.o(^ycerin,  and  allowed  to  "ripen."  Thi»pre*erv«  the  virus,  but  kills 
most  of  the  bacteria.  The  cstablishmcols  must  be  conducted  under  federal  tupcr^'lhlon 
and  iK't-nse. 

Vaccine  Virus  gniduolh'  loses  potency,  mod  inpidly  al  high  tcmpemlures.  It 
must  thcreforr  Iw  preserve!  at  a  letnperalurc  beiwccn  4.5°  and  (5*C. 


PRKPAKATIONS — VACCINE  VIRUS 


I 
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'Vina  YaetMeum  ((Virus  Vaccin.),  U.S.P.-,  Vaccine  \1rus  (Glycerinated  Vacdne 
Virus;  JeBBlriaa  Vaccine). — The  pustules  of  iiccinia  or  cuwpox  removed,  Ultder  aseptic 
condiliuns,  [rom  vaccinated  animals  of  the  bovine  s.peciei.  Preserved  at  a  temperatuR 
between  4.5' and  ts'C-,  prolcrled  from  lijihl.  The  v.ncinc  pulp  is  I horoughly  rubbed 
tip  in  a  mortar  or  passed  throuieh  a  sfiecial  i^rinder.  rlralned  to  remove  coarse  particles, 
and  made  into  n  smooth  emuUion  with  i  glvccrin  lolution.  Vaccine  \'inis  gradually 
loses  in  potency,  the  lo«s  being  more  rapid  at  high  temperatures  than  at  low  temperatures. 


AHTTBABIC  VACCIHE 

This  con^sls  of  emulsions  of  the  spinal  cords  of  rabbits,  which  have 
died  as  the  result  of  subdural  injections  of  "fixed"  rabies  virus.  If  the 
disease  is  not  tuo  far  advanced,  -to  ihal  at  U-asi  tifteen  days  of  treatment 
arc  possible,  (he  mortality  is  less  than  i  per  cent.,  as  against  15  or  ao  per 
cent,  in  untreated  cases  (Stimson,  iqio). 

Praparatioiu — Kiaed  virus  is  obtained  by  the  possaiEK  of  rabies  virus  through  a 
long  serin  of  rabbits,  till  it  acc|uircs  a  fixed  incubntion  |>cTiod.  This  (axd  virus  h  leu 
canaille  of  producing  rabies  on  subcutaneous  injection.  The  spinal  cords  ol  Ihe  infctied 
rHbhils  are  lurther  attenuated  bjr  graduated  drying.  In  the  treatment,  emulsions  of 
iDcreasiD^  virulence  arc  daily  injected  hypodermicidly,  the  srheme  of  dosage  varying 
BDcardiog  to  circumstances;  bul  generally  MfflBnlnK  with  cord  dried  fur  eight  to  twelve 
days  and  gradually  Increasing  till  "two-day"  cord  is  used. 
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TOBERCULIN  PREPARATIONS 

These  represent  the  toxic  productsof  the  tubcrck  t>3cilli;coa£istiRg either 
of  solutioiiit,  i.f.,  filtered  germ-free  cultures  (r.j;..  old  tuberculin);  or  of  sis- 
pensions  of  killed  and  ground  tubercle  bacilli  (tubercle  vaccine,  new  tuber* 
culin,  emulsion).  They  arc  used  for  the  diagnosis  and  treatment  of  tuber- 
culosis. The  two  classes  of  prejiarations  are  pnctically  identical  in 
action,  differing  only  quantitatively  and  in  absorbability.  The  filtered 
culliires  are  more  c\'enly  absorbed  and  therefore  permit  a  better  contnl 
of  dosage,  and  are  thus  safer  for  diagnostic  tests  and  early  treatment. 

Diagnostic  Use. — Rclniivcl}'  tnrgc  linw.  of  tuberculin  b*vc  no  effect  on  uonaiJ 
indivLiIunl^;  buL  in  IuIk^tcuIous  puliciitt,  Ihi-rc  u  n  deliiiitc  inflaminatory  cvactJaa  about 
cscb  lociilt/cd  lubccculnus  legion,  with  ilight  febrile  tj-mptoinx.  The  test  is  anplkd  in 
various  ways.  It  require*  sperial  knowlc'lBeHn.!  riprrlence  (or  iu  proper  pcnonatDCc 
and  interprclalion;  odit^rwise  It  may  do  mucli  iiarm  (Italdiria,  igio). 

Therapeutic  Use. — It  is  questionable  whether  tuliefculin  aver  pfodncek  adnal  im- 
munlESlinn;  but  a  cr>iirse  of  carefully  tC'Aduaced  dosea  dtiDlnlshts  the  MBdilvaKH  ta 
the  toxin,  and  therefixc  the  citnstilutioiial  plienomena  of  the  di»eMe.  Tlie  loot  lea:- 
tinn  aliout  the  tuberculous  foci  ,ilw  tends  to  tildr  dcatriutton  and  «b(OTptia>i.  Tbt 
urtificlHl  mistancc  h  gradunlly  loi^l  after  the  treatment  Is  dfscoDiinucd. 

I'ur  Ihcropeutic  puiposes,  ilie  tulierculltu  rnuii  be  adnuniitered  hypodernolljr- 
The  proper  doaue  requires  experience  and  judgment.  Rcady>inade  "aenal  dilutiaii*" 
detonorate  rapidly  vd  are  not  recommended.  Varioua  pteparatioiu  id  luberculB  an 
listed  in  N.\",R,;  the  following  are  imporlant: 

•Old  Tuberciilin,  "O.T.",  Koch's  TubfrcuHn  (N.N.R.).— Prmared  by  coBceatrai- 
InR  a  a\\  to  eight  week;'  glycerin -bouillon  culture  of  tubercle  baolli  by  evaponiiBg  ts 
one-iench  il^  volume,  and  fitlerinK;  contains  jo  per  cent,  of  glycerin. 

Tuberculin  "Deoys",  "B.F,",  Boaillan  FiUivU.—A  wmply  filtered  culture,  aot 
boiled. 

Hew  Tuberculin.  "T.R.",  Tiibrrculin  RtiiiiK,  A'ocA.— This  reprcaetit*  a  cenplex^ 
extract  "i  viiulcnl  human  tubercle  bncilU;  the  dried  bacteria  are  *ub)ected  to  a«D — 
lonui^d  grinding  and  thereby  killed.     They  are  then  suspended  In  normal  SlllBe.  cenulf  — 
osnliKcd,  and  the  6rst  sumrnatant  fluid  is  rejected.     The  Midiinait  i*  m^im  gfoond  sitl^^ 
oatine  and  cenlrirugalizei).     This  fluid  is  saved.    The  process  is  rcpcsted  aalfl  alif   * 
DO  sediment  remains.     The  EUpcrnnlant  fluids  are  united,  mixed  nth  m>  per  cenL  ^^^ 
glycerin  and  a  little  formaldehyil  and  iidju^tcd  *o  that  each  cubic  ceotiincter  repraenC — ^ 
lo  mfi-  nf  dr\'  bacilli. 

Bftcilli  EmuisJoD,  "B.E.",  K«(h. — A  suspension  of  eround  bacteria  in  50  per  uii  ^^ 
slycetin,  j  ong.  in  i  c.c.    Any  surviving  bacteria  are  kulcd  by  '■"'"g  for  an  boor  1 

TYPHOID  vACcnre 

This  has  gix'en  completely  successful  results  for  immunization  (Rtissc 
1913  and  1914),  lasting  at  least  two  years  (Harris  and  Ogan.  1914).  I 
Condsls  of  a  suspension  of  avirulent  typhoid  biicilli,  killed  by  hcatins 
an  hour  al  5s''C..  and  preser\'cd  by  o.jj  per  cent,  crcsol.  It  shoura 
injected  subculaneously  (not  intramuscularly)  in  the  arm,  giving  51 
million  bacteria  at  the  first  injection;  and  two  further  injections,  eat:=^h 
of  one  billion  bacteria,  at  ten-day  intervals.  It  generally  causes  soi^^wie 
local  reaction,  and  sometimes  more  or  less  severe  but  harmless  febr^^^'e 
symptoms  (Russell,  1912).  U  is  safer  to  avoid  its  administration  loar^  ^y 
but  hcaltliy  individuals;  not  to  inject  it  into  a  vein  c»r  lnlrmnti*fiilarl — J! 
to  avoid  exposure  of  Ihe  i>atients  to  sun,  alcohol  or  exertion;  and  not  '^f> 
gix'e  it  during  menstruation  or  pregnancy  (Harris  ai>d  Oxan,  1914). 

The  intravenous  injection  of  typhoid  vaccines  it bcinKttwd  in  tb«  dc^-doprf  Jew*"? 
(K.FrHenkel,  if'-l';  GayatidChickerina,  iut6;Hektueii.  1916}-     ll  "'tfti ir^wnf  aafe*^ 
and  prompt  recovery.    The  action  is  pmbnbly  not  due  lo  specific  antibodiet.  (o*  ■u^^*' 
lar  ctfects  are  produced  byotber  vacciDo,albuBio»c*,clc.(J.  L.  Miller  sndljuak,  igl^^^ 


I 


THEORIES   OP   NARCOSIS 


535 


Gowococcus  vAccnre 

This  ii  brinfc  used  "itli  (air  iciultt  in  subaculu  and  dtronic  gonococcuK  infcclionx 
iBvy)lving  the  joinli^.  It  U  1cm  uwful  in  other  «Jtuktloiik  It  ia  iLki  au,rkcled  tu 
*'  XeisKr  Bacterin." 
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THEORIES  OF  NARCOSIS 

General  Statement. — The  aliphatic  compounds  or  hydrocarbons,  like 
the  benKol  compounds,  resemble  each  other  cloaely  in  ihdr  main  actions. 
Their  most  conspicuous  efTect  on  the  higher  animals  consists  in  stupe- 
faction, passing  with  larger  doses  into  insensibility  and  motor  paralysis; 
i.e.,  into  profound  narcosis  or  anesthesia  of  central  origin.  Analogous 
narcotic  effects  are  produced  ob  all  forms  of  protoplasm.  Hemolysis  is 
also  a  conspicuous  effect. 

Narcosis  is  one  of  the  most  common  and  striking  pharmacologic  pbe- 
Domcna.  Many  attempts  have  been  made  to  gain  a  clearer  conception  of 
its  intimate  nature,  especially  through  the  study  of  the  aliphatic  narcotics. 
The  relations  between  the  chemic  structure  and  the  pharmacologic 
efficiency  were  extensively  investigated.  More  recently,  a  deeper  insight 
has  been  gained  by  the  discovery  that  the  narcotic  and  hemolytic  effects 
of  this  series  are  intimately  related  to  the  solvent  action  on  lipoids;  or 
rather,  to  their  "partition  coefficient,"  i.e.,  their  solubility  in  oils,  divided 
by  their  solubility  in  water.  The  discovery  of  this  law  by  Meyer  and 
Overton  was  an  important  step  in  the  solution  of  the  problem,  and  opened 
the  way  for  the  intelligent  investigation  of  further  theories.  Several  of 
these  are  in  the  field  at  present,  as  will  be  explained  later. 

Definition  of  Narcosis.— Tliis  is  defined  b^-  R.  S.  lillic,  igUs  ns  K^nonyinouR  wlili 
mneatbwU:  ''A  pby-sioloi;)ca1  condition  in  which  ihi:  nurmul  rc>ponMveiicst  or  auto- 
Budc  activity  ol  the  living  E>-slcra organism,  tissue  or  cell — is  tempornrilv  decreased 
or  abolisbed."  The  definition  is.  perhaps  too  compichciuive,  but  it  cupnifixes  the 
ran  niwnli  il  Eealuiis,  the  drpte^ion  and  the  tcvcrBlbllity  ur  (loasibility  of  rt'cuvery. 
Thia  may  be  lott  if  the  action  is  made  too  enetgeiic. 

The  dcfiaillon  also  bring*  out  the  essential  similarity  of  sleep,  (atinuc,  cold,  electric 
inhibition  (anetectrotouus),  to  the  narcotic  effects  of  the  iiUphalic  aeries,  and  of 
certain  ions. 

lofiueace  of  Chemic  Structure. — \n  historical  review  of  the  older  ihcorietof  narcosis 
is  given  Id  Uverlon's  boc'k,  Tlie  earlier  studies  indliiLled  lliut  the  actiuns  o(  thia  iteries 
appear  to  be  influenced  qUBotilativel)-  by  the  chemic  structure;  and  much  labor  bat 
bMD  expended  on  delcrmining  the  shaie  of  various  side-chains  (Binz,  itiSi:  Baumann 
and  Kait,  1890).  Th«  results  (summanaed  in  Schnucdeberg.  Grundriss  d.  Pharma- 
cologic, iQoq,  p.  19)  seemed  to  shorn  certain  relations,  but  ihe  genefalixations  have  not 
StOM  lie  test  of  Yiider  espcricnce  (l)iehl,  1894;  Meyer,  iSgij;  Kionka,  1900).  In  (act, 
it  has  been  pretty  de£imtely  shuirn  that  the  chemic  structure  aSctls  the  narcotic  action 
only  indiicfliy,  nnmclv  by  modifying  the  partition  cocfiident.  which  varies  in  a  definite 
■nannei  wilh  chttngcs  m  composition.  However,  special  side-chains  may  be  responsible 
(or  ^<te  Bciiont.     Thu!^,  chlurin  compounds  arc  peculiarly  toxic  to  the  heart. 

Knptric  Relations. — These  arc  practically  interesting  and  important,  although  tbev 
have  lost  all  theoretical  tii^nificance.  The  following  conclusions  appear  lustifica: 
Other  things  being  equal,  the  strength  of  action  increaiics  with  the  Icnglli  of  the  cliain. 
A  limit  ia  aoon  reached,  however,  for  the  drugs  become  lets  volatile,  less  soluble  and  less 
atoorbable  the  higher  they  stand  in  the  series;  so  thai  the  higher  naraiTm*  are  entirely 
iiuol&Ue  and  inactive.  Thcetiiyl  radical,  CiHi,  secmn  to  be  best  ail.ipted  10  llierapeulk 
piupoccs.  The  action  may  be  modified  by  rerilacing  the  H  of  the  group  by  other  ele- 
ment* Of  groups.  The  compounds  bo  (ormed  all  iKiSM-ss  the  typical  .action  of  the  hydro- 
carlioin  group;  but  this  may  be  so  overshadowed  by^  other  actiona  as  to  be  itcatcely 
>|tpr«clab1c.    A  good  example  of  this  is  the  introduction  of  the  group  NOt.    Tbii  acta 
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vtry  much  more  Sironsi)-  than  Ihe  hydrookrboii  part  u(  ihi-  molecule.  Mid  coMtqa^^^r' 
the  nitrite  actron  U  obtuned  lone  beJoie  iliefe  can  be  •ny  bydtootbos  Ktka.  ITJ** 
nune  is  true  if  we  subUJcute  nn  aromatic!  radical.    The  Introduction  <i(  ccrtin  oc**^ 
radlnlt  weakens  the  hydrocnrbon  atjion  to  a  ver>-  Krent  eitent.    We  ta*y  BttJ^fl 
opedolly  the  acid-(onn!ng  ladicol  CtliH.    Thr  introduction  cf  hydrocubon  m 
Into  an  nmin  molecule  dclroyh  theli  lutinn  cntltely.    The  lotroductlon  of  ntMt 
one  OH  group  also  weakcm:  or  destroys  the  action.     Aldebydt  and  kctona  arc 
active  tbui  the  comnwndlnK  aloahoU.    The  btrodudion  of  the  htloscn*,  and 
dally  ot  C\,  otien  oiluuica  the  aaion,  but  this  Li  not  proportional  to  tb«  ~ 
CI  moIeL-uIei  introdnotd.    The  intcodtictioa  of  O  (ether*)  alto  incrcaaei  (he 
The  inlroiiuction  of  adds  (cMcn)  weakens  it. 

Itarco^  and  Sleep.— The  analope*  ot  narcoui  in  the  higher  animali,  *lth 

SheDomeiia  of  natural  sleep  suiottalcd  n  coramoa  origin  to  thie  earlier  inrotifiU^r^ 
ince  «leep  was  (hen  explained  by  Crrrbral  Anrmia  (Durham,  )il6o)  ihc  wme  i  tpliM  ^ 
tlon  wai  adopted  (or  norcouH  fHcdfcircl'nrawn,  1860).     However,  it  u-u  ^uhaeqwaCAjr 
found  that  chanscs  In  the  oeictital  ciiculntioo  arc  small  and  variable  (CL  Btmtr-<«f, 
.87s). 

All  tlie  theories  of  dcficitMl  nutrition  of  Ike  braiH — whether  ihrousli 
Anemia  or  otherwise — arc  definitely  disproved  by  the  (act  that  nartosJi 
can  be  induced  in  frogs  in  which  all  llie  blood  has  been  di-splaced  by  salirsr 
solution,  or  in  which  the  cerebral  circulation  has  been  arretted;  in  etcii^r*! 
ncr\'e-musclc  preparations;  in  animaU  which  do  not  possess  blood;  ij 
plants;  and  even  in  unicellular  organisms. 

Coocuhitioa  Theoriea. — The  aliphatic  narcotic*  coagulate  protdati,  aad  thiiKttf 
gested  (»  CI.  Uernaril.  iK;  j  and  1S7J.  that  narcotia  miitht  be  due  to  a  MoioMgi^''* 
of  the  protoplaun,  anatuRoui  to  the  m uacle- rigor  produoed  by  cblocolbra.  Tlblbrcirr 
had  no  direct  c^ipcrimrnlil  [otimlnlion;but  it  wna  elaborated  by  Biu(L«Ct«K*,i^  ■  ■• 
nho  showed  luitclottlfally  (hnt  the  cclli  of  fmh  brain  lectiona  are  conciliated  I^  *»**' 
tions  of  ehlorolorm  or  moiphin;  but  he  had  to  employ  relativety  enorrnoua  eonecntr* 
lions,  nor  could  it  be  tuppoteii  lh.1t  the  coaRutated  celU  could  ever  tesniac  their  acti**^' 
The  theory  was  thcrciore  untenable  at  !e*Jl  in  thi»  form.  j 

Remo<n]  of  Lipoida. — Itibra  and  HarlcHi,  1847,  immediotdy  after  the  i"*'****'^^^ 
the  anciilieiics,  drew  attention  to  the  (act  that  practically  dO  fal-tolveBia  are  luuC**^ 
and  lURKested  that  they  diMolve  the  fata  out  of  Ihe  nerve  eclU.    The  <K^^^^.-^ 
etpUininR  the  ruiid  recovery  prove*  that  thia  theory  can  not  be  concct.    It  vas  acc^r^ 
inRl>'  nbnndoned;  but  later  workers  continued  to  point  out  more  01  Icm  tniaptit^**  j) 
relatiuni.     Hermaim.  1S66,  J.i.,  showed  that  all  the  aliphatic  nartotic*  oiMolv^     ^^ 
blood  corpuicica,  f:annccted  this  with  their  lipoid  wlubility.  and  lint  (UnHled      ^^ 
modem  iheoty.    Convencly,  Richet,  tV*)%,  argued    that    llic  norootSc  amaicj^ 
Invervely  ptoportiooal  to  the  solubility  in  water. 

Meyer-OvertOD  Law. — The  relations  observed  by  Hermann  and     _^1 

Kichet  were  .itrlkiiig  but  not  conclufuve.     It  was  only  by  their  cotDbuiat- "" 

that  an  exact  quantitative  relation  could  be  demonstrated.    This 

done,  independently  and  practically  simu]lancou<ily  by  H.  Meyer  and 

Overton,  1890  and  1901.     They  showed  a  verj'  close  parallelism  bci 

narcotic  efficiency  and  the  "partition  coefficient:" 

Solubility  in  (at  (Sf)       „„     ...        ..         -«  •     .   ,. 

;r-.  -.  -i-—. 17^-^'    iJie  hichcr  this  cocmcicnt,  the  more  po 

Solubibty  m  water  (Sw)  *  *^ 

the  narcotic  action.    The  quantitative  relation  is  so  constant  and 
facts  in  its  support  so  numerou.*,  that  it  can  scarcely  be  doubted  thm 
narcotic  eSects  of  the  aliphatic  scries  depend  in  some  way  on  their  lip- 
solvent  action,  a&  expressed  by  litis  coefficient. 


Partition  Coefficient. — The  expcrtmeotal  dctenunatioB  of  tlu«  factor  i* 
In  Hocber  (p.  i<j6).     Uetlhelut  and  JuacfleJKh,  i8ji,  ibowed  that  It  U  comual,  m-^  ^. 
pendent  of  the  absolute  quantity,  provided  there  is  no  dbtociatiueu     For  eonvailwt^Sr 
it  hai  to  for  been  determined  mainly  with  olive  oiL    Objecttoa  hoa  been  made  to  t^^ 
(Moore  and  Koat,  1906].  tince  thia  nil  dllTcrs  from  the  celt-lipoidk    The  (act  that  L^" 
Uw  bold*  alM  for  hcmolytii,  practically  di^Knet  of  this  obJectioB. 
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lijwida. — This  term  U  applied  lo  a  chen^cally  hcttroRCDcous  urcup  of  subst&ncM, 
including  phosphaiid*  (W.  Koch,  t9tr);  esipcdolly  lecithin  and  iccphiUin,  cerebrin, 
ccrcbroslds,  cholritcrin,  and  othcni.  Th(^y  Arc  n'ltxy  sub^lnncm,  which  Hiii^vc  readily 
in  lipolytic  solvenls.  and  take  up  muic  water  slowly,  but  uut  »i>lutioni  of  luicui  or 
stilts.  Th«y  occur  in  atl  cclU,  puticulaily  in  the  platma  membrane,  niohnblv  in  >n 
tmulHiicii  condition.  Nervous  IJMUC  (8  nch  in  Ihctc  !i[Kiidft  (Stewart  i  PhysioloKy). 
The  (unctions  of  the  individual  lipoids  have  cerlain  Icatuta  in  common,  but  in  >omc 
respects  they  behave  ^'c^>-fliSercntly./.^,cholc«tcrin  and  Icdthin  have  Opposite  cflccis 
OD  hemolysis  and  phaKiJCy<i.>sls  (Stuber,  i^ij). 

The  tenn  lifim  has  been  inirodaci^d  to  cover  o//  substances  that  diyialve  in  fat- 
solvents;  I.e.,  it  coven  fal«  and  fatly  acids  as  well  as  the  lipotils. 

Evid«ac«  for  the  Mey<*-0»erton  Law. — The  nsrciiiic  concenlrstloos  have  been 
determined  mninly  on  ta^lpolc^;  but  the  law  has  also  been  demonstrated  on  other 
uiimnls,  plnnta  ami  lisiues.  According  lo  the  lheoi>'  eiery  nbtorbublc  lubitancc  which 
ts  a  (al-solvenl  should  have  an  anesthetic  acliiin;  lhi>.  klmuld  be  seen  in  all  ci'lU  (since 
e^Tr>-  cell  contains  lipoids);  it  should  occur  in  the  same  concentration  of  lolulion;  the 
anesthetic  action  of  a  mixture  should  equal  Ihc  simple  sum  of  the  actions  of  'ms  constlt- 
uenls;  Ihe  effect  should  be  proporliunal  lo  ibe  cone  cut  rat  ion,  and  not  to  the  absolute 
doic.  etc.  These  postulates  agree  vcrj-  well  with  the  actual  facts.  The  rrhlion  afcen- 
Mmlr^ivn  la  >icJi'nn  is  especinll>'  inierestin);.  Precisely  the  same  concent  rat  ion  of  cfiloto- 
torm  or  ether  produces  the  same  degree  of  anesthesia  in  all  cells  (exccplinic  plants  and  s 
few  invertebrates).  For  instance,  ordinary  anesthesia  requires  in  all  animoln  a  con- 
ccniralion  of  aneslhnic  to  serum,  of  ether,  1:400;  of  chloroform,  cj.joo  lo  fi.ooo; 
but  cold-blooded  animals  reach  the  same  concenlrallon  in  the  blood  with  n  lener 
CODccniralion  in  the  nir,  on  account  of  their  lower  lempetntutc.  Again,  in  those 
CSMS  In  which  the  coeflicient  changes  with  temperature,  etc.,  the  narcotic  powec 
dunges  in  the  required  direction:  Jileycr,  1901,  showed  that  rise  of  temperature 
incrcoMk  the  cnellkicut  nnd  the  narcotic  action  for  hydrntcd  chloral;  and  depresacs 
bolb  for  sallcytnmld.  Puehner,  1909,  Investigated  Ihe  itiiluence  of  mixed  narcotics, 
aod  found  that  the  cocfEcicnt  and  narcosis  were  alwayi  modifieii  in  Ihc  same  direction. 

The  Meyer-Overton  Law  Applies  Onl;  to  the  Aliphatic  Narcotics.^ (_'ushny  has 
pointed  out  llial  many  bcutiol  derivatives  whith  are  not  uartolit  have  a  high  partition 
coefficient.  In  this  case,  however,  the  coefficient  modifies  the  ontiscplic  action.  The 
peripheral  nert'ous  system,  although  rich  in  lipoids,  is  not  easily  attacked  by  the 
alipnatic  narcotics.  Morphtn  and  other  basic  and  saline  narcotics  do  not  obry  ihe 
law,  »nd  must  act  by  entirely  dilTerent  mechanisms.  This  docs  not  o(  course  imp*Jr 
the  validity  of  the  law  as  appliL'd  lo  the  aliphatic  narcotics. 

Influence  of  Extraneous  Fats  on  Narcosis. — It  might  be-  cxprclcd  that 
narcosis  woult!  be  afTected  by  (alty  tissue,  deflecting  a  certain  amount  of. 
the  anesthetic;  but  this  does  not  seem  to  be  the  case  to  a  notable  dcgrce- 

Mansfeld,  1005,  suggested  the  low  resistance  of  starved  animals  lu  be  due  to  ihig. 
The  fact  u  not  con\'iucinK.  f»'  in  stari-alion  the  resistance  is  lowered  in  many  other 
dircctionR.  Indeed,  M.tnsfcld's  eipcrinienis  contradict  his  explanation;  for  slarvAtion 
did  not  locreaAe  the  suscepiibitily  lo  the  typical  lipolytic  narcotics  alcohol  and  ure- 
thane;  whilst  Ihe  susceptibility  was  increased  for  morphin,  which  probably  doc*  not 
ftct  as  a  lipoid  tolvcnl.  Cloella,  1907,  tried  the  converse  exjieriment,  the  iuflueoce  of 
increasing  the  fatly  liasue;  but  his  results  scarcely  justified  Kcneral  conclusions. 

N'erking,  190S,  claimed  that  anesthesia  can  be  cut  short  by  intravenous  injection  of 
lecithin-  This  has  bvcii  contradicted  by  Kramer.  i<)f  j,  who  took  the  necessary  pte- 
CButioQ  to  keep  the  concentration  of  the  anesthetic  constant  by  Intravenous  injection. 
Lattes,  1911.  stated  that  fatty  food,  or  the  injection  of  fat-cmulsionii  into  the  circula- 
tion, increaMS  [he  narcotic  aclion  of  chloroform,  perhaps  by  lesseiiinjc  the  pulmonary 
excretion.  Haaschmidl.  1913,  supports  Nerkinc.  and  atlinns  that  lecithin  has  a  protec- 
tive action  af^ainsl  narcotics,  but  also  against  a  numlx-r  of  alkaloids  (curare,  strychnin, 
morphin).  The  results  luii'e  tliercfoie  been  contradictory  and  have  little  bearing  on 
the  lipolytic  theorj-.  Salimann.  191  s,  reports  ihat  cream  nnd  olhcr  fats  delay  slightly 
the  absorption  and  therefore  the  anion  of  alcohol  and  other  lipolylic  narcotics.  Murlin 
and  Kiche.  1915,  find  that  the  percentage  of  fat  in  the  blo'xt  is  lowered  pioportionnl  to 
(he  degree  of  naico^s;  but  since  tlus  occurs  also  with  morphin,  it  has  no  bearing  on  the 
lipoid  theory. 

Changes  Effected  by  Lipoid  Solvents.— The  partition  cocfiBcicnt  docs 
not  expliiin  the  nature  u(  niirtosis,  :ind  it  is  necessary  lo  reaorl  to  (urilier 
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theories.    The  rapid  recovery  after  removal  of  ihe  aiwalheUcs  proves  Out  I 

ihcy  can  not  actually  dissolve  ihc  lipoids  out  of  ihc  cell*.     Me^-er  there-  I 

fore  assumed  that  ihcy  merely  liquefy  ihene  constituents  in  the  tdU  and  I 

thereby  alter  their  functions.    Overton  had  shown  that  the  selective  per-  I 

meaV)ihl  y  of  cells  depends  largely  on  the  lipoids  of  the  plasma  membratw;  I 

Any  change  in  these  would  necessarily  alter  the  permeability;  and  it  has  M 

been   demonstrated    tha}   narcosis   is   actually  cbaiactcnzcd   by  nidi  I 

alterations.  1 

Polarization  Theory  of  Stimulation. — Narcosis  consists  in  suppressioii  1 
of  irritability;  and  ll  will  be  impossible  to  understand  it  fully  until  the 
nature  of  stimulation  is  understood.  There  is  now  conwderable  evidence 
that  stimulation  depends  upon  a  change  in  the  electric  polarization  of  the 
cells,  due  to  a  change  in  the  concenlralion  of  the  ioiw  at  the  cell  membraac 
(Nernst,  1899),  and  brought  about  bv  a  sudden  increase  of  the  pcrmeabilily 

of  the  plasma  membrane,     Acconfing  to  thU  view,  the  actions  of  the  I 

lipolytic  narcotics  would  be  explained  quite  simply  by  thdr  modifica-  J 

tion  of  the  lipoids  of  the  plasma  membrane,  renderins  impos^ble  the  J 

changes  in  permeability  which  arc  necessary  for  stimulation.  Changts  I 
In  the  plasma  membrane  could  nlso  be  effected  by  other  means,  and  t&e  ^J 
nsicolic  effects  of  salu  can  be  explained  in  thi:i  manner.  A  plausibk  ^H 
explanation  of  the  actions  of  morphin  and  most  of  the  local  anesthetics  ^^M 

is  still  lacking.  I 

Penneabilitj  of  the  Plftsma  Membranes. — Ovrrton  found  Ihu  cctb  ait  ntxnlljr         I 
impermeable  U)  nvtittiil  siill.'.  su)tar«,  etc.:  Iiut  iiasily  permeable  lo lipolytic  mumUikw.  I 

This  rutc  h  not  absolute — there  ate  importnnt  c:(Ccptiani^/.t.,fotTncIaCMilicsub«t«iuH  I 
ant!  for  some  of  the  dyes,  hut  it  U  sufficiently  gcnrml  lo  Inilica'o  that  cdU  briiavc  a* M  I 
they  wcrt  surrouncled  by  a  [ipuid  iilm.  The  clcpuitum  [rum  tli«  rule  are  prababHf  V 
eipUiitrd  by  the  intermixture  of  other  colloid  const  il  urn  I  <^  (A.  P.  Mathews,  tgioy.  I 
This  proleclive  iilm.  tlic  "plasma  invmbriLiie."  15  proliably  [i>imed  by  tbe  uu(*j^=*  ' 
condensation — nccoriiing  to  the  Giblra-Thonisoo  principle— of  subtUmces,  ahia"  ' 
lower  surfnizc  tension,  as  do  the  lipoids. 

Relation  ol  the  Hemt>rane  to  Stlmiilalioii.^This  subject  b  ndl  sunnadwd  tt  ^ 
R.  S.Lilly,  1913.  The  semi  permeability  scri'o  lomninlnin  the  differenoea  <t  efactric^^ 
potential  (as  shown  by  the  demnrkalion  ciineiii'i  which  is  ciscntlal  to  life.  TUtpoti^  -  '!*' 
tial  disappcurs  with  deatli.  and  is  itnpairi.'d  by  all  poiiuns  which  injtite  tlw  wii^i^^^^ 
meabilily;  nnd  nmotiRst  these  by  the  nnc^thelica  CWalier  and  .Mcock,  tQo6).  Aul-  ^* 
alknlies  and  certain  loni  abo  di^ilurb  Ihc  poti'nti.il;  hut  ihe^c  act  presumably  <m  t  ^*fj 
olhtT  toltoids  of  ihe  membrane.     .\naloBniis   phenomena  are  obwrvaMe  In  vti&-  '" 

system'  of  plicisiih:iliil  and  siilt  solutions  {J.  Locb  and  Ilcutncr,  1913).  , 

Excitability  and  Conductivity  o(  Nerre.— Njircosis  of  a  ncr\'e,  however  prodmi-a  ^^ 
always  lowers  bulh  thcsi:  lunctiotis  in  strict  pamllel  (Verwum.  ErreKung  lud  La^^^>^ 
mung,  p.  III).  While  a  notm.il  nerv'c  conducts  without  Imsiof  Ktimuliu,  ■MreoCi*^^^^ 
nerve  shows  Ihcrelfiie  n  dcircmtiil  ihiiing  conduction  (ibid.,  p.  i3j).  . 

Relation  of  Permeability  and  Stimulation.— This  in  illuitiBttd  particnUriy  by  t^V  "^ 
experiments  of  K.  S.  Lillie,  ]<ji2,  on  Arcnicola  laivc     He  found  that  pure  Mlatii 
NaCI  |)riiiJucc  strong  ElimuUtiuns  and  at  the  same  time  Incrense  Ihe  pennieabfllt 


>enitabaitv.    ^— .« 
la  mad  alipha-     ml* 


shown  bj'  the  diffusion  of  pigment  and  the  distoluiion  of  cilia.  M^,  Ca 
uic»thcllcs  produce  depression  and  lessen  ihc  ncrmeahflity,  w  thn  tliey  prevtM  _ 
cSecIs  uf  NaCI.  The  Slg  ions  and  the  aliphatic  anesthetics  prcibably  act  OB  dlSen.^  ^ 
constituents  of  the  envelop.  It  is  therefore  all  the  more  striking  that  in  b«th  caiea  t^  ^ 
narcosis  is  characterized  by  lessened  pernientiilily.  Similar  phenomena  are  ottrv-^^'^jj 
In  the  ctfrcls  of  sneslhetics  on  the  sensitive  pbni.  In  nerve  libcts  and  in  nww— *  ^^ 
Hoeber.  tQi  5,  found  thut  low  concentrations  01  aoesthelics  decreue  pemeaUity.  K  -^nS 
they  prevent  the  swelling  which  normallj'  occurs  in  solutions  of  polaultim  Baits.  H^C  ^T? 
cc>nccnt rations  increase  the  permeability;  this  would  corretpomd  lo  a  took  rit- 
Both  phenomena  have  been  confirmed  on  fish-eggs  by  McOendon,  1915.  tW» 
hout,  191a  and  101,1.  showed  that  aaesihcties  lesMO  the  dsctric  conductivity,  t- 
thercfore  the  peimcability,  of  plants.  [Fatal  conccnlntioot  again  incrc«*c  the  { 
meabilily.) 

Tht  mttMantim  bywkifhllirlifolylifagenlt  inttrfert  with  Iht  ffrmi^Utiy  tA  ihrl 
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unntphimrH.  Ii  conMi'if  probahl}'  In  a  physlciit  chanKC  of  (he  colloldi. 
but  not  altoiretlicr  coiuistcut.  parallels  luxvc  bc«n  drawn  wilh  colkjdal  ni>- 
lipoids,  f.j.,  ilocbcTknd  Gordon,  1914,  Wiul  nn  inicricrcncc  of  &na>lheUc* 
NdpUnllon  of  lipoid  ftusprntlon^  by  <aicium;  othcn  olMcrvcd  IncmMd 
'  l«<!tldii  siupension  (llandowsky  and  Wngncr,  iQtt;  A.  TboinaL  1015). 
3ibct  A  change  in  cmulxloiw,  *ou  to  promote  the  continuity  of  thcMlt)' 
t  various  linoUtk  aiic«IhMi«  diffrr  In  tlwir  rCFccK  on  thr  fttate  of  aunga- 
plimphatid*  (W.  Koch,  1910'^  no  that  this  coiknot  be  the  ewentialWtof 

S.  toeve,  tQt J,  found  that  iipM  mrmbranes  arc  rtodercd  IcH  permcablG 
Ipolytic  M^ntk,  and  tugjttats  tnat  the  adsorption  of  the  oarcotici  converts 
of  the  pluma  mcmbraae  from  a  hydrophilic  to  a  hydrophobic  modification, 
lenen  the  prrnicabUiiy,  *nd  therefore  the  functions,  potential,  «tc. 
(id^Wil  permeability  obtain*  only  tor  the  anesthetic  concentnllons.  Toxic 
n»  inaeuc  the  ]iermeal»lity,  ax  »cen  for  inUonce  in  hemolyM*  (Hocbcr, 
1915).  Aulolysisisnimilatly  IncrcaM'd  by  high  oonccTiirntlon*{C!ui»ri).  H. 
t,  alteoapted  to  explain  narcous  by  incri-awd  permeability  through  liquefac- 
poidi;  but  there  ii  na  satisfactory  evidenix  for  thii  new.  The  lipolytic  ane»- 
ot  tbanK  the  ahcidity  of  lecithin  mduHohs  (Handovsky  and  Wajcnrr,  191 1). 
Action  Tbeory. — ].  Traube,  njo^,  igio,  1013  and  1915.  contend*  that  the 
ic  aliphatic  narcotics  is  not  Aue  to  »otulion  of  the  ccU-lipoidii,  but  to  con> 
r  QitMirpiion  of  ihc  narcotic  aicent  at  the  suriace  of  llie  icrow  or  colloid 
■he  protoplasm,  both  lipoid  and  protein.  The  catutylic  uclivity  of  thew 
uld  thereby  be  diminiincd,  rciultine  in  thetloiring  or  drjitruclion  of  the 
tMn,oxidation».etc.,Mnd  thuKoflhcfunctlonsodheceUi.  Surf  ate  corden- 
ipottional  to  lowering  o(  surface  tenuoa  (or  inversely,  io"iiolution  affinity" 
Kk,"  the  tendencyof  1  tubitnooe  to  remain  in  nolulion).  This  proportion- 
boHS  and  t«t  ol  Traubt's  theory.  Since  the  surface  lcn«<on  and  the  ^arll- 
(nt  are  geoerally  parallel,  it  i»  diiEcult  to  decide  between  the  two  viewt; 
>pearto  be  noic  exception*  to  Traube's  rule  than  to  Ovriton'i  (I.illic,  1916}. 
11,  ha«inv««tiicaled  tWqunllon  wtthhomnloKdUsalcoholnnd  iinds  that  (or 
nd  for  aninuili  dc\-oid  o(  a  nervous  ijitsra,  the  efficiency  is  parallel  to  the 
Ion;  but  in  proportion  at.  the  nervous  system  de^'cIops  the  activity  of  the 
«j»  becomes  Te1atl\-e1y  greater,  and  aKrecs  better  with  the  partition  cocffi- 
Mka,  tgi4,  nbo  find?  a  correspondence  bctirecn  hemolytic  and  curfoce  ten- 
rics  of  terpen  alcohols  and  ketones;  but  the  cbemlc  charocterf  also  had  an 

bm  of  PhagocTtods. — Hamburger  and  de  Hoan,  and  nubanos-ic,  ton, 
t  tliif  h  sliniiilated  by  minute  dn«cs  of  UpolylJc  agents,  parallel  to  their 
efficient.  This  is  probably  explained  by  a  lowering  of  surface  tension. 
icenirnlioni  patalyie  the  movements  ot  leucocyte*. 
>tion  ot  Potassium.— Men  ten,  igii,  states  thai  the  quantity  of  potassium 
dialed  nerve  fibers  is  increased  by  loot  lipolytic  annthetics  and  by  injury, 
ttbly  nn  expression  of  the  dittuioed  permeability;  but  since  potassium  de- 
conductlvity  of  the  ncrvec,  ll  is  ooncdvable  that  this  plays  a  part  in 

tion. — Dubois,  1S94,  obscn'cd  exudation  ct  water  in  natcotixed  plant  cells, 
td  that  narcoais  conidMs  In  dehydration.  Overton,  however,  showed  that 
enon  is  a  manifestation  of  Irreparable  injury,  and  not  of  narcosis. 

rn's  Theory  of  Oxygen  Deprivatioa. — Verworn,  i90(>  (Harvey 
tpii;  "Narkosc,"  Jena.  lou),  and  his  (nipils  have  pointed  out 
sis  is  generally  accompanied  by  diminished  oxidation;  and  that 
of  oxj-gcii  produces  anolin-iic  phenomena.  They  therefore 
it  tutrcosis  is  due  to  interfercoce  wilh  oxygenation;  an  incapa- 
e  cell  Hutwttuice  to  undergo  oxidation,  even  in  the  presence  of 
hikt  non-oxidativc  destruction  proceeds  unchecked. 

suggests  that  the  transmission  of  oxygen  may  be  a  function  o(  the  lipoid 
thus  accounting  for  the  &Icyet'Overtno  law,  and  barmonixing  the  two 
UosAelii,  1909,  also  assumes  that  narcotics  letMa  the  wlvent  power  of 

Ten  and  so  prevent  its  peneiration.  This  Is  contradicted  by  Wlnter- 
P.  Matthews,  1914.  believes  that  the  anesthetics  fix  the  oxygen  receptoni 
iploscn  Into  a  non-lrntable  anestlietic'|»rotop1a*m  combination.  Traube 
t  the  o«)-^en  catnlyicrs  are  hindered  by  surface  condensation.  Warburg 
la  p«eiii|Hiant  action  of  nartotlcs on  yeast  picss-juice,  parallel  tu  anti- 
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ferment  adivity;  Batclli  and  Sicrn  dcHcrlbr  prcdpiuiion  of  nui-lvvfrotrlas  la  ccUtI' 
tracts,  jiuriillvl  ivitli  checking  of  uxtdawt.  On  the  other  hmul,  Buerckcr.  i«io,  lad 
Bagliom  bctic^'e  that  the  natciitics  combine  with  the  oxygea. 

Verworn  conceiles  thai  high  conccnttstionscauM  other  Changes,  such  sacoajpihtioo; 
tiut  statti  that  tligst:  arc:  noD-ieversi  bte,  and  therefore  not  cooccrnnl  in  tnte  luutostt, 

Verworn's  facts  do  not  prove  his  theory;  for  since  narcoos  suppresses 
irritability,  it  would  naturally  depress  oxidation;  this  would  he.  the  effect 
instead  of  the  cause  of  the  narcosis.  Conversely,  the  suppressed  irri- 
tability by  oxygen  deprivation  does  not  prove  that  every  narcosis  matt 
be  due  to  oxygen  deprivation.  This  could  be  accqitcd  only  if  inter- 
ference with  oxidation  and  narcosis  were  always  strictly  parallel.  This 
is  not  the  case,  and  the  theory  is  therefore  not  tenable. 

Aneslfaetic  Effects  of  Oxygen  Deptivatloa.— The  ancHthetic  effects  of  vpbyxia 
have  long  bmin  familiar.  As  samjilcs  of  the  evidence  (or  Vetvfom"*  the«ry  ta*y  be 
dtcd  the  fact  that  frogs  pcifuscil  wilh  !Jiliiie  uilulion  brroroc  Incicltable;  bat  Out  tk 
excitability  is  prcserwil  or  reappears  if  the  wlulioii  h  oxj-Kenaled  (Verwom,  iomIl 
Similarly,  cjrcised  nerve loK-s iu eidtability  in  on ntmosphcrefrce from  axyera  (FtoAA, 
1904).  MansfcH,  ifjoo,  showed  Ihnt  the  results  are  adJltivc;  ibc  uaraldehyd  laztait 
In  tadpoles  bei[i;{  increased  by  def^rveii  of  oxygen  deficiency  «hie)i  are  in  tiiicmtelves 
harmless.  He  also  pointed  out,  1910,  that  oxygen  dciidcney,  tike  narcofiiE,  deeirsMi 
the  current  of  rest  m  frogs'  skin.  Froclich  and  Hcaton,  and  Uhiktw*  tb»w«l  ibat 
oxygen  dcprivaliuii  delays  recovery  from  anesthesia.  AitiKiobic  organkinc  are  abo 
subject  lo  nnrco^is.  ^howinc  at  least  that  this  has  nothing  to  do  with  free  oxygen  et 
its  pcnelralion  into  the  cells. 

On  the  other  hand,  there  are  instances  (nerve  trunks,  vorticeOa,  cilia)  in  tiJd> 
oxygen  deprivation  acts  very  slowly,  while  anesthetics  act  very  prompt^.  HCS, 
which  is  a  strong  nsphyxinnt,  is  a  weak  anesthetic.  Anaerobic  organfaou  aie  ibtt 
subject  to  narcosis,  showing  at  least  that  this  ha^  nothing  to  do  with  tree  oxygen  4( 
its  penetration  into  the  cells. 

Diminished  Oijdatton  in  NBrcos]S.~Hertcr  found  that  the  oxidi^ng  capadtj  d 
tissues  for  tneihylvne  blue  h  tcrcnily  diminished  in  anesthesia.  Vernon,  1909,  euktt 
a  fiuantitalive  lelalion  between  the  hemolytic  effect  of  ftlcohoU  and  their  IntfuenoeM 
the  respiration  vl  e;iriM*il  kidneys.  Tashiro,  1413,  found  that  anesthetics  gmllf 
dimlnisn  the  CO]  output  o!  nerves.  Alexander  and  Cscma.  lOij,  claim  that  toct- 
thetics  and  morphin  diminish  the  oxygen  coosumpiion  and  COi  foms^on  cJ  Ik 
brain. 

\''crwom.  1913,  and  others  have  shown  that  various  nitesilictics  inhibit  oiUwci 
parallel  to  their  anesthetic  .iclivity.  However,  the  required  coDrmliatioiM  are  e(  itt 
toxic  rather  than  of  the  ancsllielic  magnitude. 

Interference  of  narcosis  with  oiiduiion  is  the  general  rule;  but  there  are  iafWUil 
exceptions,  Winleratrin.  igi5,  points  out  that  nnesthcvia,  even  whcs  a)iitiaiMlf<( 
days,  need  not  increase  the  acidity  of  the  central  ncr\'ous  syitemi  while  a^kjnda 
(o^tygcti  deprivation)  always  increises  the  acidity.  Anesthesia  therefore  iit  W* 
always  dimmish  oxidation.  Warburg,  iqio,  and  Loebaad  WMtcaeySi  igijt  finditte 
oxygen  consumption  normal  in  narculizej  «ea-urchin  CEg*- 

Chemic  Theory  of  Moore  and  Roal. — The  evidence  lor  the  exteoMOB  of  tke  lip*^ 
theories  to  Ihe  permeability  of  the  ptst«ma  nsembrane  Is  not  M  oomplcic  al  tbU  HrAc 

rarallrtism  of  the  narcotic  action  an<i  Ilie  partition  coefGcicnt.  It  has  been  WCP'^ 
Kochninnn,  iijori)  that  the  lipoid  solubilily  is  merely  the  necessarj-  cooifitiaa  Im IW 
emrarue  of  the  narcotics;  and  that  the  teal  .tction  occurring  within  the  cdl  BflM" 
altogrtbrr  diUerent, /->'.,  chemic  (lle>-mans  and  Ue  Duck.  190$).  It  b  WOtt  lllt**g' 
however,  ihot  the  quantitative  pnrallclism  between  narcotic  effect  and  paititieaffl* 
dent  would  obtain  if  the  iniraeellular  action  were  ba^rd  on  diSerait  prapcftjt&i  ■*• 
is  it  plausible  that  the  chemic  effecln  of  the  chemicaJly  dis^mOar  Gpdyuc  iBbiwrfft 
should  all  result  in  the  identical  narcotic  phenomena.  , 

Interest  in  the  chemic  thojrics  was  revived  by  ihc  observations  o(  .Moore  and  "5* 
1005,  wliich  indicate  the  povsible  existence  of  loose  reversible  chemic  eombinUXB* 
between  certain  anesthetics  and  proteins.  F.i.,  with  high  conccntradoasaf  dihw'*^ 
lis  solubility  in  K-rum  and  tiwuc  extra";!*  doe*  not  obey  the  ordinary  law*  <'.***'^'?j 
but  this  is  probably  an  adsorption  phenomenon,  which  need  Dot  have  anythiif  t*°* 
with  narcosis.  Cusluiy,  igio,  finds  that  the  cilialalloin  of  the  vcJatitc  ■ncmUrs*!'* 
alkyl  series  Is  exactly  analc^ous  to  their  evaporation  from  watery  soJatlona,  "^Bf* 
that  anesthetic  concentratioas  exist  in  the  body  in  purdy  [diyncal  sohitiattti    ">■ 
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preci^iUtiun  of  protein*  by  lipolytic  agcnw  requires  much  higher  ctincentrntionj.  Ihan 
cxiit  in  oncLthcMo. 

Uorpibologic  Changes. — It  may  well  be  supposed  that  the  chiinK^t  in  (he  physical 
oompo^iiion  of  the  uU  will  produce  corresponding  changes  in  their  hiutologir.  dnictuK'. 
Most  of  these  would  prubably  disappear  in  the  pruce:^^  of  fixation,  but  ceiimn  uf  ihein 
appear  to  persist.  A  diminution  and  [u&ion  of  the  \iisl  trunulft  hnve  been  deserihed  by 
good  obaetvers  after  deep  anesthctiii  (Fij;,  t;);  other  observers  have  nut  beca  able  to 
conUrm  this,  and  the  changes  may  be  only  artlfocls.  Kochcr,  igi6,  craph&abn 
th«  numerous  sources  o(  error  and  the  inconsliint  results  or  such  observations. 

It  is  also  stated  that  the  dendrites  of  many  pvramida]  cells  show  moniliform  cn- 
larKemcnli;  the  alterations  disappearing  complelrly  within  (orty-ciKlil  houra,  even 
when  raiiscd  by  chloroform  anesthesia  of  nine  hours'  duration.  Lfpine  and  Duval 
Attributed  anetthcsia  to  retriction  of  the  dendritic  oroce^cs. 


.  as. — Al»ha1  on  Puckinic  colli,  cal— ^iiit  iiaiii  [ifter  C.  C,  SWwft):  I,  Konnal;  (,  akahsl 
for  fidj'  miiatilm^  i.  lor  fi(ly-four  liuun. 
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Ethyl  nicohol  is  a  local  irritant.  ASler  absorption,  it  depresses  the 
central  nervous  system,  especially  the  "higher  funclions."  It  simulate* 
stimulation,  chiefly  by  lowering  the  normal  restraining  functions;  but  there 
may  be  some  direct  facitilation  of  motor  proces.'ics  and  re.spiration. 

Local  Action  of  Alcohol. — Concentrated  alcohol  "hardens"  tissues  by 
abstnictinK  their  water  and  precipitating  the  proteins.  It  is  therefore 
irritant  and  astringent.    The  effect  is  proportional  to  the  concentration. 

Appliftl  to  the  skin,  it  causes  some  redness  and  burning,  followed  by 
slight  anesthesia.  It  is  therefore  employed  as  a  wiW  rubefacietil  and 
counterirritant  in  sprains  and  other  minor  pains.  It  may  be  applied  in 
lo  to  50  per  cent.  Concentration,  by  friction  or  embrocation.  It  is  often 
combined  with  other  mild  irritants,  as  in  the  Linimenlum  .Saponis,  Spiritua 
Camphora;,  Aqua  Hamamelidis  ("Witchhazcl")  and  Tinctura  .\rnic«. 
The  presence  of  considerable  proportions  of  alcohol  in  other  spirits,  tinc- 
tures, fluidextracts,  wines  and  elixirs  should  be  borne  tn  mind,  both  in 
their  external  and  internal  use. 

If  the  alcohol  is  sponged  on  the  skin  and  permitted  to  evaporate  it 
produces  a  coaling  e^rct.  This  is  utilized  in  jfvtr,  and  in  excessive  pcr- 
^iration  (■•night-sweats"  of  phthisis).    The  cleansing  and  hardening  of 
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the  skin  is  also  useful  in  this  connection,  and  to  prevent  tbc  dcvelopmenl 
of  bfd  sores.  The  astringent  and  stimulant  action  promotes  the  healing 
of  ulcrrs  {i$  to  50  per  cent.).  Breitmann,  1913,  recommends  its  libenl 
use  OS  an  astringent  lotion  (70  per  cent.)  in  first-  and  second-degree  burm. 

On  mur-ow  manbranes,  the  local  action  produces  hn>eremia  or 
inflammation  according  to  the  concentration  (ftce  the  'Effects  OB 
Digestion").  Even  the  minor  grades  of  this  irritation  produce  cbiDok 
inflammalion  on  continued  use.  and  this  tends  to  extend  beyond  the  loctl 
surface,  producing  fatty  and  fibrous  changes  in  the  internal  organs  (we 
"Habitual  Use").  The  diuretic  action  of  ^coho!  indicates  that  it  irritates 
the  renal  cells. 

Subcutaneous  Injections  of  alcohol  in  concentrations  above  50  per 
cent,  are  very  painful;  especial  cart  should  be  used  not  to  inject  it  near  a 
nerve. 

iDtraneufal  Injections  of  alcohol  wsv  introducrd  by  lichocucf  (or  ibe  relief  of  MU- 
ralgitt  awl  snai^ms  (Oslwald,  190O;  KoiriK,  1914).  They  ate  fiencrallyefleclive;  bill  «i 
frequcntlj'  folli.vi'cj  by  loxic  (Itgcticration  o(  the  nerve.  They  *£miU  Ui*more  kc 
avoided  /or  motor  or  mixed  nerves  (iciaiiea),  and  find  their  best  field  In  irifcniiul 
Dcurnlein,  as  a  substitute  for  the  extirpation  of  the  Ga»erian  ganglion  (FucUer,  ipoj). 

CsdwxlHdcr,  igi;,  has  etudied  the  icsutU  of  variout  conccntratioac  So  ht  CXM. 
alcohol  producer  xmmcdiale  and  complete  paralysis,  followed  by  absolilU  UHokpe 
degeneralion.  The  paralytis  may  pErsist  for  n  year,  or  until  regencrattoB  is  coMplrW! 
in  case  of  scar  (ormntion.  there  may  be  DO  icgeneratloD.  50  per  crnt-CftaMSlCMievMC 
paralysis  and  degeneration;  nnd  ;;  per  cent,  lias  but  little  eSect  in  dttier  mp«ct. 

Bactericidal  Action  of  Alcohol. — 70  per  cent,  alcohol  is  a  (airly  effec- 
tive germicide.  Concentrations  above  80  per  cenL  and  below  60  per 
cent.,  however,  are  almost  inactive  {A.  Beyer,  1911;  Soltile,  1913)1  be- 
cause they  do  not  penetrate  proleina  as  readily  (Tijmstra,  1913). 

"Stimulant"  Effects  of  Alcohol. — These  are  observed  in  moU  indr- 
viduals,  after  taking  "moderate"  doses  of  alcohol — a  quantity  not  caiilj' 
expressed  in  cubic  ccnlimeters.  The  phenomena  are  only  too  well  knowB. 
They  are,  at  first  \iew,  typical  of  stimulation.  There  is  an  increase  ii 
the  rate  of  the  respiralion  and  of  the  hrarl;  the  blood  pressure  rises.  Tbt 
skin  is  reddened,  with  a  grateful  sensation  of  warmth  and  comforL  Tbtre 
is  an  increased  vivaaly  of  motion,  action,  and  speech,  which  Utter  nay 
acquire  a  stamp  of  brilliancy,  even  of  in.spi  ration.  Tlie  suhjetlttt  emd^n* 
of  the  individual  also  undergoes  a  peculiar  cbaoge. 

Shyness.  IE  it  onlinirily  exists,  is  rculaced  by  !icU.confiileiicCi  TbtpMMnwd^* 
influence  of  nlcahol  fccU  an  unhmitcd  cunlideDCc  in  hb  own  poiKR  md  OCCWHi*' 
ments,  both  inlelleclual  and  physical.  He  will  a1  tempt  very  <lifficult,  evoi  iunii»W^ 
tasks,  and  feel  that  be  accomplisfaci  them.  And  he  similarly  ^vtrcsUlOita  "■ 
productions  of  others.* 

ThcM  ma  ni  festal  ions  are  90  conspicuous  and  apparent,  that  aloobol  in  prgpci  dan 
has  been  considered  n  t>-pical  stimulant;  thk  opinion  Is  ttlll  held  by  MMt  '^jjy 
pharmacologists.  However,  the  critical  iludy  of  it*  action*  tcndi  to  the  '"'*'' 
tioa  that  most  af  thtzc  Mlltinl  do  not  dtpmd  Hpnn  true  UrM  ilimaUlit^  fi  ^ 
nerve-ccnlcrs;  but  that  ihcy  are  the  indirect  mult  of  Incoordination,  ol  auM^ 
(actors  of  environment,  and  of  reflex  slim  illations. 

If  lilt:  phenomena  be  somewhat  more  t lose ty  inquired  into,  this  will  become  aWV^ 
at  once.  Of  the  physical  phenomena,  the  jtuskinK  of  lite  cmIommm  WMrfj — to  ■""'^f 
»cnsation  of  warmlh  must  be  attributed — occurs  as  the  ie*u1t  ol  a  rawmocor  parw*' 
restriclcd.  it  is  true,  to  tliis  area.  The  i/uiekcnrd  puht  re«utu  partly  from  r*^ 
caused  by  swaUowing  and  by  irritation  of  the  mucous  menAraius,  paidy  frW  * 

>  No  hrUrt  ilMctiption  nf  thew  cflert»  can  he  oireci  lh»n  that  o(  tIor«*:  "Wl^t  "•»*'*  ttl 
001  trine  I  II  iIiicIosh  >Hrt»;  rdiflH  anrl  confifini  out  h^pni  IhnuU  1^  oowsd  («etk  >•>■»■ 
MM*  lh(  aniiuui  mind  of  iu  burthen:  jnitcucl*  in  arti.  Whoa  ha*  aol  a  cbaarfnl  «Mi  •^ 
«la(]u«ntl     Whom  nnc  quito  frvt  and  «Ary  frmn  i>incluim  v^vtrtfl" 
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looMMd  Cicllnneit  uut  nolioni  not  nt  all  from  a  ditrct  nciiaa  on  the  uidiac  nervous 
or  tnuKvlar  mechaitiMn— (or  !l  ii  entirely  kbtttnl  In  aiiimul-,  und  very  brief  In  nun  If 
Uic  iKtot  of  cxdicmcnl  be  elinuiutcd.  Tit  qvUktHinn  of  tiu  rtifirati«n  it  also  largely 
due  to  timilar  caiuet. 

ThepajrcUciiwoamsiM  tinil  their  ciplanatlon  in  a  dulling  of  certain  mental  faculties 
~>Ubi  otMn  sre  still  practically  uiuEfected — in  a  disturbance  of  what  hu  been  called 
'^"BonBklbaUoceof  tbebrun."    Th«  drtt  functions  to  be  Imt  are  tbo  finer xrodesot 


the' 


lodtnral,  reflection,  obMTvation,  and  attention — tlie  facultiu  which  have  Inrgrly  been 
ftcqutred  tlirougb  edacation,  and  wbicb  conilitutc  tbe  element*  of  the  restraint  and  pru- 
dsKe  which  nun  (unuJIy  ImpoKS  on  hb  actions. 

That,  to  quote  »  weu-known  eiAinplei  The  «rator  no  loogei  considers  that  he  may 
be  nM  to  account  for  hit  utterancoi;  he:  allon  himtcU  to  be  carried  by  the  imnulw  of 
Utcmocncnt.  wiibout  rcfltclEnKoo  ultimate  consequences,  and, as  hiscipreMJonsDecDino 
''WW.  they  ac(|uire  an  appearance  of  H-armth,  ol  feeling,  of  inspiration.  And  not  a  little 
Of  ihb  iospiratioQ  b  contributed  by  tlic  audience,  who  ore  uiually  in  a  similar  conditian 
of  iioeated  appreciation. 

Tfce  view  tl»t  alcohol  increases  the  intellectual  and  physical  powers  ot  the  individual 
*S  ibMTB  by  actual  expL'timent  to  be  ctroneouiL,  and  bucd  almost  cnlircly  upon  the 
■ubktiive  condition)^  of  the  Individual,  his  wcaltcnrd  faculty  of  judKOicm. 

Eipericac«  soon  leaches  this  Iceson:  thai  alcohui  does  not  reafiy  stimulate.  Persons 
*bo  have  to  undergo  severe  exertion,  either  ph\'stul  or  bicUectual,  ven  rarely  take 
Ucahol  before  or  during  their  labor,  but  only  when  this  is  finished.  And  thun  not  for 
■AjiliBUlBting,  but  really  (or  its  depressing,  effect;  for  the  feeling  of  comiort  and  general 
feusatiaa  whicli  it  induces.  The  continued  use  of  large  doses  of  alcohol  greatly 
dJatnithcs  tlic  activity  of  the  individual,  and  even  moderate  do»cs  tend  to  have  the 
same  effect. 

.Inother  verj-  chancteristic  feature,  evidently  rcsul^ig  from  this  paralym  of  the 
U^her  functions  Is  the  iou  of  Ike  powrr  h  «ntlrel  moods,  Tnere  may  be  causeless  merri- 
mealor  sadneu,  friendliness  or  the  opposite.  It  is  Inteti-iting  to  note  how  often  alcohol 
briaus  otit  tlic  true  character  of  an  individual  by  this  abolition  of  recttaiot:  "There  i» 
tr-uth  in  wine."  On  the  otlier  hand,  the  habitK  of  »clf-control,  where  they  have  btco 
cul  tivsted,  persist  to  some  extent  even  in  intoxlcalioa. 

Ezperimeatal  Analysis  of  Ps]rchic  Phenomena. — llie  extensive  stutjica 
*^f  Kmcpclin,  1891,  led  him  to  (he  cunclusiun  that  thee&cctsof  alcohol 
arc  purdy  depressant  on  scDsory  and  inteUectnal  processes,  while  the  fjen- 
erixtioo  o(  motor  iropulse»  is  at  first  stimulated,  but  later  also  dcprwied. 
I  riorcasc  of  dosage  prolongs  the  psychic  depression,  and  shortens  the  motor 
stimulation.  The  "stimulant"  stage  of  alcohid  therefore  favors  mechaii- 
'ca.1  performances — the  "wmplcr  reactions"  of  memorizing,  mechanical 
*"e«.<Un((,  repetition,  at  the  expense  of  the  more  intellectual  processes— 
**3ocialiori,  arithmetical,  etc.  It  favors  motor  impuUiveness,  hut  pro- 
*^ucrt  intellectual  dulnesiJ  and  silliness,  lessens  thought  and  judgment,  and 
^^*^sisiance  to  temptation,  and  thus  leads  to  its  abuse.  The  euphoria  prob- 
^P'*>ly  depends  on  the  deceptive  feeling  of  facilitation  and  ca{>ability. 

_       ftytkit  Dtprfiilan.^WHh  doMS  of  30  to  45  f-m.  o(  alcohol,  this  Ia«l8  thirty  to  fofty- 
^^v  tninutes;  with  60  tim..  one  to  two  hours.     The  phenomena  are  somewhat  analogous 
"*    fatigue.     In  both,  mcchanica]  assodntions  ]>rcdomioale.    However,  the  lighter 
'*<lr«  ot  alcohol  "fatigue"  disappear  with  exercise,  while  senuinc  fatigue  U  relieved 
•*!>■  by  rest. 

^tttr  Pr»cturs. — The  facilitation  begins  at  once  and  lasts  at  most  twenty  to  thirty 

*'^nut(s.  lesi  with  larger  dOKS.     It  is  followed  by  deprcsaon  even  with  the  small  dose 

^J    l-l  Gm.    With  4j  to  60  Gm.,  the  initial  facilitation  la  Keen  only  exceptionally. 

'■<^wcvtf,  the  result*  depend  somewhat  on  circumstances;  in  excitement,  even  large 

?^«sprodttcc  facilitation;  and  in  fatigu^  small  doses  may  d«ircM.    The  more  mcchan- 

*^  ihe  lonctioa,  the  more  conspicuous  It  the  facilitation.    The  force  measured  by  Ibe 

?y*iuno«eter  is  tkot  increased,  so  that  the  rate  rather  than  the  force  of  motor  impiilMS 

^  ■avgrrd.    There  Is  also  evidence  that  the  muscular  contrsiction  proper  is  not  quick* 

*M,  bvt  that  the  motor  impulsn  arc  started  uMre  eatily. 

Ptruuiom  <)/  Stntory  Imffasiom. — This  b  impaired  for  hours,  even  by  i-i  oz.  of 
■wfcol  OUacpelln,  191W. 
.Tlwreiexestroai  the  (roe's  skin  are  depreMod,  even  with  the  unallest  eOtclivcdoMa 
:  and  pupils,  >9) j),  before  there  are  any  gtcosly  visible  syiuptona. 
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F.  G.  Benedict,  1916,  finds  that  30  to  45  c.c.  of  alcohol  does  not  rvcn 
Jaidlitatc  movements,  but  that  all  sorts  of  reflexes  are  depressed,  es- 
pecially inhibitions.  The  sensory  threshold  i$  ni^cd.  Mcraon'  aixl 
association  are  unaffected.  The  effects  arc  maximal  in  one  and  one-haU 
hours. 

Use  as  Stimulant. — Even  the  "stimulant"  doses  do  not  increase  in- 
icllectual  efficiency;  but  they  could  be  employed  for  facilitating  motor 
[unctions  of  short  duration;  not  so  much  to  increase  iJicir  force,  but  for 
overcoming  iidiibition  or  hesitancy;  to  promote  decision  or  resolution, 
/.I.,  in  speaking,  in  psychic  dreads,  etc.  It  would  be  unfavorable  lo 
attention,  watchfulness  or  ready  judgment,  llie  stimulant  dose  should 
generally  not  be  more  than  1 5  to  20  Gm.  of  alcohol;  or  if  a  longer  effect 
i*  needed,  5  to  8  Gm.  in  twen."ty-minule  inter\'als, 

Alcotao)  on  Muscular  Work. — in  man.  the  crgntpnphic  cicpcnincnts  of  Lombvd, 
1S9Z,  t^howod  t)uit  Ihe  mtiscultir  force  in  vulunTiiry  coiilmctioiu  a  not  iacnawd;  but  Ibt 
apptccbiion  oE  fatlsue  U  Ic^sciu^d   (Joivyku,  ig<H.  Foirrai^r.  1911).  m  that  the  toul 
iTork  mny  be  increased.     When  a  tingcr  k  trtunincd,  b>-  elrcuic  Rtimulatioa,  the  toUl 
work  is  rather  decn-iued  (Lombitrd);  the  f^voruble  ellect  miut   thctcfurc  be 
[uutly  central   (fadlilation  of  i-ercbral   molur   professio).     Howc\w.   Ihe 
response  is  niodilicd  by  ihc  previoui  state  of  the  muxlcs  rd  well  m  by  the 
uilcohol:  Ildlsten.  1(104,  fuun<1  iliHt  /nodcralc  dwn  (10  Cm.)  si  tint  iacreaw 
of  volun tat}*  musculur  work  (to  9  per  cent.),  but  in  one-half  hour  diminiih  it  to6 , 
below  normal,     flyers.  1911,  reports  no  elTccts  from  5  10  n>  c.c;  jo  to  40  cc  gut 
irregular  results,  most  commonly  n  primary  increase  and  secondary  decrease  ol  the  wait 
The  increase  is  seen  only  when  the  muscle  is  nut  loo  much  cxhuuited.  but  it  b  bvent 
by  moderate  fatigue.     The  favorable  cfEect  therefore  appcan  to  be  due  partlv  lo  tic 
direct  (ood-valuc  uf  the  alcohol,  snmcwhBt  as  with  tuKsr;  the  food  rtle«t  ol  alcohol  b 
more  prompt,  but  not  as  efjident  in  the  long  run.     The  depresuon  of  the  UrgtrdowJI 
purely  central. 

On  /rag's  muscle,  minute  qunntilies  have  no  efiect;  moderate  dote  were  ttii  » 
cxctt  a  fa\-ori>btc  action  on  all  the  (calurcs  of  mu^ulac  activity;  larger  qiUDttuaiit 
vrry  unfavorable  (Lee  and  Salant.  tipj).  Cridet  and  Roblnion,  191(1,  ailribvte  ill 
reported  favorable  elTect  tu  experimental  error. 

iSe  effects  on  invertebrates  and  tower  vertebrates  ha\-e  been  Uudicd  by  FlUat^ 

The  Effects  on  the  Respiratioii.— "Stimulant"  doses  of  alcohol  in- 
crease the  rate  and  depth  of  the  respirations,  by  reflex  and  cenlnl stinW* 
lation.  This  may  aid  In  the  therapeutic  use  of  alcohol  as  a  stinuluL 
With  narcotic  doses,  the  respiratory  center  i&  depressed. 

The  increase  is  ([uitc  large;  the  amount  of  respired  air  may  be  doubled,  lit  d^ 
h  especially  large  in  fatigue,  and  is  greater  wilh  wines  and  liquors  rich  la  "bouqiW'T 
ihun  with  dilutions  of  pure  alcohol  (Buu,  1903).  Wcudclstadt.  1899,  obtaiool  iibO'' 
reults  in  mia. 

The  increased  reijiiration  is  partly  due  to  the  general  citcitttRient  and  paidy  W  "" 
Ilexes  from  the  local  irritation  (jacquet,  1895)  and  from  the  odor,  etc.  How«va,»«^ 
increase  occurs  even  in  sleei>,  so  that  the  factors  of  eonronmcnl  arc  not  e«eittiii.  ^'' 
can  it  be  alfirmcd  that  it  is  dueiiolcly  to  reflex  irriuiion, (or other  irrilaiiUdovtI|^ 
duce  an  equivalent  effect  (BJnx.  icioj).  ^loreover,  an  Immedialc  inciVMOcf  i**!**" 
lion  occurs  if  alcohol  u  injected  into  the  brain  through  the  carotid  artery  (WUbb**^ 
1897).  It  i»  therefore  ccrtnin  that  the  re«|»ratory  center  i»  atimulalod  (Uiccdy-  ^ 
Fonteyne,  tQo6,  bnds  that  larnt  ilosfi  lamn  at  Satl  the  rale,  and  later  abo  tbr  nk^ 
In  call.  I'ilcher,  1912,  fouod  the  rate  usually  increaaed  by  oil  etcept  fatal  tow  " 
decerrbrjiicd  cat?,  doses  of  oj  10  5  c.c.  per  kilogruD,  dilute  or  concentrated,  eaa»*  " 
chaoKe  in  the  respiration  (Liob,  1915). 

le  Effects  on  the  Circulation. — Theve  arc  ntlier  luoaoatMXilLy^t 

j  only   MLih  Ihe  (\mv  and  concentration  and  mode  <tf  adtidnMBBM 
llso  with  the  condition  of  the  individuAL 
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^maH  Tkrraprulic  Ihirs  (in  man,  to  perhaps  5  to  2$  c.c.  of  absolute 
alcohol,  diluted  at  least  to  2$  per  cent.)  produce  generally  (but  not  always) 
an  iiisign  ill  cant  quickening  of  the  pulse  rate,  due  mainly  to  excitement. 

The  cutaneous  vessels  are  dilated,  and  the  splanchnic  vessels  arc 
somewhat  constricted  leading  to  a  rise  of  the  systolic  blood  pressure  and 
u  fall  of  the  diastolic  pressure.  The  mean  aortic  pressure  rises  slightly 
in  most  cases,  but  not  always.  The  nornrnl  heart  muscle  is  probably 
not  affected  by  these  do=«s;  but  the  exliausted  heart  may  be  stimulated 
by  the  nutrient  action  of  the  alcohol. 

The  actions,  taken  together,  alter  the  distribution  of  the  blood,  so 
that  more  will  be  contained  in  the  surface  vessels  and  in  the  arteries,  and 
less  in  the  splanchnic  veins.  The  amplitude  and  force  of  the  pulse;  the 
"maas-movement"  of  the  blood;  the  output  of  the  heart;  and  the  effi- 
ciency of  the  circulation  in  general,  will  be  improved.  The  effects  arc 
not  very  grcni  and  not  altogether  constant  in  normal  individuals;  but 
lhe>'  suffice  to  produce  decided  therapeutic  effects,  especially  in  conditions 
of  exhaustion. 

The  actions  reach  their  maximum  in  about  half  an  hour,  and  disappear 
in  an  hour  or  two. 

Somewkat  Larger  Doses  (45  to  90  c.c.  of  alcohol  for  man,  diluted)  pro- 
duce at  first  the  same  effects,  followed  in  an  hour  or  less  by  decreased 
amplitude  and  force  of  the  pulse,  with  progressive  fall  of  the  systolic 
pressure,  and  unaltered  or  rising  diastolic  pressure.  If  the  alcohol  is 
taken  in  more  concentrated  form  on  an  empty  stomach,  this  stage  may 
occur  at  once,  without  the  preliminary  improvement  of  the  pulse.  The 
fall  of  the  pressure  is  attributable  to  splanchnic  dilation,  replacing  the  con- 
striction of  the  first  stage.  The  action  is  therefore  comparable  to  that 
of  the  nitrites.  The  effects  reach  their  maximum  in  one  to  one  KDd  one- 
half  hours,  and  last  one-half  to  one  hour. 

Toxic  Doses  depress  the  vasomotor  center  and  perhaps  also  the  cardiac 
muscle,  so  that  Ihe  blood  pressure  falls  severely.  The  heart  rate  may  be 
slowed  through  central  vagus  stimulation,  or  through  the  depressant  ac- 
tion of  the  coma;  or  it  may  be  quickened  by  the  fall  of  blood  pressure. 

//wrt  Rote. — The  effect  is  grcally  modificil  by  the  condition  of  the  individual.  It 
i«  nencully  increased,  mainly  bv  the  psychic  ami  nrflfx  actions  (Dixon,  1907);  tiie  in- 
creniiciiotlcnalBcnl.  esjjcciallyit  the  patient  keeps  c[uict(Eimmennnnn,  1896:  jacquet, 
1801,  Diion);  but  with  la.rgcr  doses  it  may  occur  cvrn  then  (John,  igoH),  prcsumflhfy  to 
OMetthcfnltingbliXHl  iwessiire,  Animiils  give  similar  inconstant  resulw  (Pilcher,  igut. 
The  (niraveiious  injeclioa  into  non -anesthetized  aaimuls  generally  causes  some  slowing 
(Brooks,  1910). 

GetMTat  Hload  Ptmsurc—tn  man.  Koehmann,  1905,  and  Bachcm,  190s.  lound  a 
tIm;  of  systoUc  jir^sure  with  sniall  Aowm.  Diiun,  1007  (dose  tiot  stated)  tinind  the 
systolic  prcMure  unchanged  or  slightly  (aised,  the  dinMidiG  prcMure  lowi-rcd.  Thiit 
Wat  cimnrmed  by  John,  igoH.  Licb,  1915,  observed  pmcticdly  no  cRcct  from  diUiicd 
whbk«y  (usually  5  to  10  c.c).  When  given  concenlialed.  this  doM^iC  usually  produced 
asUuhl  rellcx  rise  (about  5  men-)  of  the  sj-stoiic  ajid  diastolic  prcsautc,  returning  to  not- 
nul  in  Icis  than  one-half  hour.  The  tctum  of  the  diastolic  prassutv  Li  somewhat  slower, 
to  thikt  the  piilM'  pressure  !t>  dectcascd.  The  Ti(;cri>tedt  formulii  indicjiloi  n  very  tilixhi 
dectease  of  CBTiUac  eEticiicy.  These  efTecIs  are  entirely  retlc:t ,  and  are  most  praBounced 
wiwn  llie  nflcsH  arc  hypcrnctivc;  1e;ist  in  apathetic  pnti'^nts  dud  toxemia*.  Moderate 
MMl  ue  more  Hutcc-plinlc  lo  ihvm  thnn  ilrinlirr«-  W'ilh  larger  doiies  John  found  a 
proncufve  fall  o(  sj'stolic  p(i-i!urc,  with  unchangrd  or  rising  diastolic  premure. 

Anestbetued  aiumalii  arc  ob^iomlv  not  suiit-d  f.ar  determininn  the  ctTccls  o(  vmall 
dOM*  of  aIo«rfu>L  In  tatuntslkrtiz'-il  aniir..:  l:i>,>  .1  ,  ii>io,  found  that  thr  oral  adminis- 
tratWproduwd  a  tliicht  riie.  lasiinii;  ii^i:  i-  v.v.  \v.\ua\»;  ndminixtration  ihrouch  a 

Sstiic  utula  hod  no  ciTcct;  iiiirjvcnous>ly,  there  wu  the  sharp  drop,  common  to  many 
Vg(,  followed  by  rapid  recovcrj-. 


3S 


546 


MANUAL  OF   PnARMACOLOCY 


In  derarabmttd  csts,  Lieb,  1915,  found  no  nuukcd  chouse  in  xhe  Uood  ; 
hcnit  nte,  afttt  o^s  ^  S  c-^-  f^  lulogr.-ini,  dilate  or  oonccntraltd.  _ 

The  VHn  pnssure  b  not  cbnngcd  by  ,inall  4oMa.  but  Increwed  by  large  doan  «UA 
injure  the  heart  (Capps  «nd  Matthews.  1913). 

Shod  Fltne — Alcoholic  bcvciages  of  the  gtrcriRlh  «[  wine,  sdministeted  to  ttormei 
men  Ln  moderale  doses.  ptoducE  a  brief  \m\\Taiaaiy  decreau,  followed  by  a  more  WliB( 
increase  of  the  blood  flow  in  the  hand.  Bolh  effect*  arc  vascular.  Alcohol  abo  h««n 
vawdilnlur  leHeMS./.i,,  iho  conlialaTcral  Iif»1  ictlcx  (G.  N.  Stcwatt,  1915).  IbntUk 
snd  Collins,  igii,  found  the  circulation  lime  in  inieitinnl  veaieU  distinctly  ^ncd 
by  relatively  Kinall  doses  of  alcohol,  intravenoutly,  e^'cn  when  the  cvolid  prcMure  *u 
unchniigcd. 

Vasomotor  Ckanga. — The  c iijancoiir  vasodilation  '»  obvious  on  mere  faupectiaB,  ud 
may  be  confinncd  by  picthysmograms  of  the  UmlK,  and  by  the  blood  Bow.  Sbice  tlK 
blood  pressure  doca  nol  (iitl  in  the  e;irly  stages,  it  is  evident  that  this  dSalion  of  the  nr- 
face  vessels  i?  compensated,  diher  by  the  constriction  of  other  vucular  area*,  or  by  Jlk- 
deascd  output  of  the  heart.  Both  (actorx  appear  to  contribute  to  the  mult,  aocordbf 
Uxircumstu  nCM . 

Splanchnic  vasoconHrictum  in  the  «ar1y  staee  has  been  demonstrated  by  Dtuo, 
1907.  who  found  that  thi;  volume  of  the  intestine  dccrcaact  while  the  Uood  prcsauretila. 

Gentrnl  vaiodilalion,  pre^unuibly  in  the  more  advanced  BtAgts  ol  theacUaD,it*ho«n 
by  the  fict  that  the  blood  pressure  is  practically  not  tncrewwd,  notwithuandiac  <«•■ 
aderable  increase  of  the  output  of  the  heart,  as  measured  by  the  i-tronndir  (Hemmelrr. 
1SS9;  Wood  and  Hoyt,  190;),  or  by  the  Ciirdiomettr  (DIxod).  U  the  vaaamMat  tttxa 
is  excluded  by  section,  the  injection  of  the  alcohol  causes  a  more  nurked  rise  of  pttMUW 
(Rochmann;  Wood  and  Hoyt),  showing  that  the  vasodilator  ftctioD  of  akohol  nnuM  br 
central.     (Qachem,  however,  found  !e°5  rise  after  section  of  the  vaaoDMlor  center.) 

Vatomoli-r  Rijie-irr. — Porter  nnd  Turner,  191;.  tmd  that  alcohol  may  RDSpeod  miv 
motor  rcRej.es  even  when  Ihe  peneral  level  of  Ihe  blood  prcuurc  is  not  altered.  TVy 
conclude  horn  this  Ihut  separate  centers  exist  fur  vasomotor  lone  and  ttAexes. 

Dirtn  Action  on  Vtsuls. — These  appear  to  lie  infigntScant.  On  peiftunoa,  Dim 
found  in  mammals  slight  dilation  with  o.i  to  0.1  per  cent.;  higher  ooncedtntiodB  xs" 
constriction.  Perfusion  of  the  frui;  showed  mode  rule  constriction.  Insurvivtiisarttrhl 
rings,  C'ow,  igii,  found  vcrj-  slight  response;  transient  constriction  fdlowcd  oy  dih- 
tioQ.    Plumier,  igoj,  belie\'es  (hat  alcohol  iio.%  a  peripheral  constrictor  eStct. 

Impraned  Stiirition  of  the  Heart. — The  increased  output  af  IHt  htort  iM  nhi  is  attatei) 
by  the  stromuhr,  caidiomcter,  rise  of  pressure  after  destruction  of  vaHMBOtor  center,  etc 
Sdc«  this  improvement  is  not  tisuatly  noted  in  excised  hearts,  It  can  not  be  due  to  * 
direct  oction  of  alcohol  on  the  cardiac  muscle.     Kochmann,  190;,  altiiboles  it     V 
improvement  of  the  coronary  circulation  by  the  general  vascular  changes.     Diion,  i^Oii 
brings  good  evidence  that  the  rood-%'aluc  of  alcohol  plnj's  Ihe  moit  Impwtant  t41e;for  ^' 
finds  it  most  efleclive,  in  csdsed  hearts,  when  the  nutrient  supply  nt  been  peevioifc;^' 
eihausted.     HamlU,  1910,  then  showed   directly   that  perfusea  hearts  are  aUc         ^ 
melabolixe  alcohol, 

Ktciicd  Mammalian  Heart. — The  effects  have  been  studied  by  perfuiaoniritbl 
dorff's  method,  especially  by  Kochmann,  1904;  O.  Locb,  1905;  Backmann,  (9061] 
1913;  Barry,  1915. 

Concentrations  up  too. J  percent-  are  absolutely  without  action,  according  to  u^,—--. 
observers.  Locb,  however,  describes  occasional  slight  stimulation;  nnd  ZHioo  fi^^S»° 
increaied  excursions  constantly  if  the  heart  has  been  exhausted  (m*  precadia£  »ecti^^^^ 

Concen  Ira  lions  lo  o.;  per  ceni,  also  gii-e  no  result,  or  at  most  '"'V"'*^"*  ^^5£« 
slight  slowing,  or  weakening  or  arhythmio.  With  concentration  of  t  pcrcenLaad  U^^^^^ 
raarkcil  dej^revsion  appears;  Ihe  systoles  are  weakened,  but  the  diastuUc  cscofsions  'j 

not  increased.     The  coronary  vessels  appear  somewhat  dilated,     t  per  cent-  of  akic ^~} 

causes  severe  damage  to  the  muscle,  especially  of  the  auricles,  whjch  arc  slowed  «^^*T 
weakened,  whilclhe  ventricles  may  be  merely  slowed  (Barry,  1915).     Four  to  j  per  t^^^*'!' 


arrests  the  heart  in  diastole;  the  auricles  stoppinK  before  the  ventricle.     If  the 
removed,  the  heart  recovers  rapidly,  even  from  severe  dcpresuon.     Repeated  peril 
give*  rapid  habituation  (Kuno). 

Urandini,  1913,  found  the  depressant  effect  on  perfused  rabbit's  heart  bcrensed 
rise  of  Itrnprfature. 

The  concentration  of  alcohol  in  the  blood  of  linng  animals  is  : 
be 0.12  percent,  in  "slighl  confusion,"  and  0.7  pi;r  cent,  in  deep naic 
It  is  therefore  evident  that  the  direct  cardiac  eficcts  of  akohol  pla; 
part  in  either  the  therapeutic  or  toxic  phenomena. 
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Prmwt  in  Pidmonary  Arlrry.~Tii\on,  1907,  and  Wood,  1911,  AniU  this  digbtly 
InCKaMdi  even  whvii  tlic  Ciitutii]  pmsure  a  uiit'haiiKf^  Clotrlta  und  Andem,  1914, 
found  the  effect  on  the  pulmonary  vesi«!s  inconstant;  genctnlly  dilation,  nirtly  con- 
fllriction. 

(Sctbrai  Cit<idation. — Contradictory  results  wrre  obtaint^d  by  Aliprandi  and  For- 
rooroli,  1905;  and  by  V,.  Wcbcr.  iqoq.  Hirschf elder,  1915,  dcKtibct  dilnlion  of  the 
vtwflfL  o(  the  pia  muter  and  tciina,    Berenn,  1016,  alpo  observed  dilation. 

TIk  frog's  heart  is  stimnktcd  by  sm.ill.  and  deprtssfd  by  higher  cnnccntration* 
(Wood  and  HoyI,  1905) ;  nrcording  to  others,  even  the  smaller  do«e»  are  depteMsnt 
(Ure»er,  1887). 

llenolyiii  A  rtion. — .Umbo)  added  in  sufficient  concentration  directly  to  blctod  cnu5e« 
hemoljids  (C.  H.  Schuiz,  t&fi).  This  concentration  ii  not  rcnchcd  in  living  animals; 
but  the  resistance  to  inking  agents  h  noticcnbly  lo'v^eced  (Liebermann;  Fillinger,  19U). 
Continued  administration  increases  the  resistance  ai  the  corpuscle*  {Orbon.  1913).  If 
the  relative  hemolytic  effect  of  different  alcohols  in  compared.  It  h  found  to  be  propor- 
tioDal  to  their  effect  on  surface  tension,  rather  than  to  ttieir  lipoid  solvent  action  (Fuli- 
ner,  ion).  J.  N.  Schultz,  1911,  has  investigated  the  inducncc  of  various  sulHtancei 
(indading  ncra  in  different  diseases)  on  the  alcohol  hemolysis. 

Kovd  Viscosity. — Thi»  is  somewhat  increased  by  the  administntiOD  or  inbalatioa  ol 
mlcohol  or  methyl  alcohol  (Burton-Opitz,  1904, 1914). 

Use  <rf  Alcohol  in  Collapse. — The  effects  of  alcohol  on  the  general  cir- 
culation are  utilized  in  the  treatment  of  collapse  and  in  exhausting  fevers. 

Its  tiscfutness  as  a  quickly  acting  ("difFusiblc")  stimulant  can  scarcely 
be  doubted  in  the  various  forms  of  sudden  circulatory  collapse — syncope, 
eichauslion,  hemorrhage,  traumatic  shock,  snake  venom,  strychnin, 
aconite,  veratrum  poisoning,  etc.  The  main  element  in  its  action  ia  the 
reflex  stimulation,  increasing  the  pulse  rate,  the  blood  pressure,  and  the 
respiration.  The  narcotic  action  is  also  useful;  the  psychic  centers  are 
less  easily  frightened,  and  the  narcotized  medullary  centers  are  less  sub- 
ject to  dangerous  shock.  The  subsequent  vasodilation  is  theoretically 
tnadvisable,  but  it  is  not  sufficiently  pronotinced  to  have  any  practical 
significance. 

The  reflex  action  being  brief,  alcohol  acts  mainly  as  a  temporary 
emergency  remedy,  to  tide  the  patient  over  the  immediate  dangers.  To 
secure  these  reflex  effects,  t$  c.c.  of  whiskey  or  brandy  should  be  given 
undiluted,  and  preferably  hot,  repeated  every  ten  to  fifteen  minute.4, 
according  In  effect. 

Other  Diffusible  Stimulants. — A  amilar  reflex  stimulation  may  be 
secured  by  ether,  aromatic  oils,  camphor,  or  ammonia.  Tlieae  may  be 
administered  by  mouth  (Spiritus  Aetheris;  Spiritus  Camphoric;  Spiritus 
Ammonix  Aroraalicus);  or  by  smelling  (aromatic  ammonia,  smellinf; 
salts);  or  hj-podermically  (brandy,  ether,  camphorated  oil). 

Cvdiac  Disease. — The  actions  of  alcohol  arc  scarcely  avulablc  except  [or  temporary 
oociditionx,  such  as  acute  myofurdinl  insufficintcy.  In  (lirimU  Uiiim-i,  (mall  dote*  may 
be  valuable  to  Infi-n  the  worries  of  the  patient,  especially  i(  he  has  been  accustomed  to 
■U  use.  The  vasodilator  effect  may  be  useful  in  .lMi;inii  Pectarif,  but  it  ii  inferior  to 
the  lutrita.    Alcohol  does  not  inlluence  Pulmonary  Hrmorrkanf.  (R.  Prey,  1909). 

Use  in  Exhausting  Fevers.^ — (Typhoid,  Pneumonia,  etc.).  The  intelli- 
gent and  distriminaiing  employment  of  alcohol  should  be  us«ful  in  the»e 
conditions;  its  indiscriminate  use  would  doubtless  do  more  harm  than  good. 
The  beneficial  effects  are  probably  mainly  nutrient,  due  to  the  direct 
food-Moiue  of  the  alcohol,  and  to  the  stimulation  of  the  digestion  and  ab- 
sorption of  other  foods  (see  below).  This  not  only  conserves  the  general 
nutrition  of  the  patient,  but  also  increases  the  outpiil  of  the  exhausted  heart. 
The  pulse  becomes  stronger  and  more  regular.  The  altered  distribution 
of  the  blood  of  tlie  mildest  degrees  of  alcohol  action  would  also  be  bcnclicial. 


S48 


UANUAL   OF   PHABMACni-OCV 


The  dilation  of  the  cutaneous  vessels  removes  the  blood  from  the  atoiue 
and  therefore  congested  internal  organs,  and  lessens  the  venous  distcntim 
of  the  heart.  It  would  also  tend  to  lower  the  temperature,  although  the 
antipyretic  effect  is  but  small.  The  narcotic  action  of  alcohol  is  us^ul 
by  quieting  the  febrile  excitement,  thus  reducing  the  dcmanda  on  the 
strength  of  the  patient. 

On  Uie  other  hand,  if  the  action  of  the  alcohol  proceeds  to  the  point 
of  inducing  splanchnic  dilation,  and  lowering  blood  pressure,  it  will  cxa^ 
gerate  tlic  serious  circulatory  abnormalities  of  fever.  Again,  in  the  acutr, 
stimulant  stages  of  the  "sthenic  "  fevers,  alcohol  is  apt  to  iDcrcaw  ibe  dr* 
culatory  excitement,  and  should  be  avoided. 

The  effects  of  alcohol  must  therefore  be  carefully  watched,  to  secure 
its  stimulant  eETecls.  when  needed,  while  avoiding  both  the  depressant  and 
excitant  stages.  The  individual  observations  on  each  patient  can  alone 
guide  its  employment :  The  dose  may  be  increased  or  mainluined  w  lonn 
as  it  improves  the  prominent  symptoms,  quiets  the  patient,  regulates  and 
strengthens  the  pulse,  and  lowers  the  temperature.  When  it  ceases  w 
have  these  effects — particularly  when  the  pulse  becomes  "cxdtcd,"  m 
when  the  odor  of  alcohol  remains  on  the  breath — it  should  be  diminisfatd 
or  stopped. 

The  amount  must  be  governed  by  the  previous  habiu  of  the  patient: 
but  astonishingly  targe  quantities  can  often  be  given  to  fever  patient* 
without  producing  "intoxication"  even  if  they  arc  unaccustomed  to  iti 
use;  the  febrile  organism  probablj'  oxidizing  the  alcohol  more  rapidly. 

Ordinarily,  one  may  begin  with  }-i  to  2  tablespoons  of  brandy  in  haS 
a  glass  of  milk,  every  three  hours,  increasing  the  frequency  as  needed. 

Diuresis. — Dilute  alcohol  beverages  (wine,  and  especially  b««r>  i»- 
crease  the  flow  of  urine;  but  the  effect  is  mainly  that  of  the  excessire  in- 
gestion of  fluid. 

In  man,  Riiphiicl,iSg4,  found  that  alilrrof  wine  or  beer  fand  nomorcificct  thulb 
Mme(|uantit>' «(  water,  and  trM  than  tliut  o(  milk.  John,  iqoS.  found  ihu  tbcivtnv 
quantity  o(  urine  in  lour  to  six  hourt  afifi  laking  1  '-j  liter*  of  water  to  be  i.jooM,; 
with  1^3  liters  of  J  per  cent,  alcohol,  he  nvrmgcd  i,No9c.c.;  witb  ibcfamt  quuililiri' 
6  per  cent,  alcoliothe  avcra^rd  2.000  c.c.  of  unnv.  "Vht  cSrcl  whs  lelaiivdy  cn*urb 
a  case  of  renal  insufficiency  f torn  h>'pertonu5;  in  this  iJi  lilrrai>f  wafer  g»vc  on&  fc*)**- 
ol urine,  while  thc^amc  rguanlity  of  1  percent,  alcohol  yicUlcd  1,(100 c.C 

This  suggests  that  Ihi-  grcuter  diuretic  action  mny  tx  due  to  a  dilator  cfiect  as  tl* 
renal  vewcls.  Moreover,  alcohol  irritate*  the  urinary  paxt»gt*  (tutd  i*  tfacrdbcr'W' 
tfaindkatfd  in  tystilh  and  utflhrilii);  this  mav increase  the dc«irc  to BlktUtatC^mlBl*^ 
the  diuretic  etftct  appear  greater  than  it  really  is.  ''Gin,"  which MBI^ulualOtf, ktf* 
more  direct  diuretic  effect,  from  the  renal  irritation  [iroduce<J  by  the  oL  WJl£* 
to  show  more  than  the  uater-ii)  uresis,  on  Ihc  oral  ail  ministration  of  asy  doMftn*'''* 
tiol  (JanuskiewLCE.  igii).  (lalravenous  Injection  would  armt  the  miM  mr>  •>■» 
other  hi-potonic  solutions.) 

Tetnperattav.^ — The  ingestion  of  alcohol  causes  a  sensation  of  warmibt 
due  to  the  increased  blood  tlow  to  the  temperalure-ner\-e»  of  the  siom*^ 
and  skin.  This  sensation,  however,  is  deceptive;  for  thk  iaoeiiw 
blood  flow  to  Ihe  surface  and  the  diaphoresis  increase  the  heat  kas.  * 
that  the  internal  temperature  tends  to  fall. 

Withsmalldoscs.  this  tendency  may  be  overcome  by  the  incrnuedmovcmenos'''' 
patient;  but  with  larger  doses  Ihe  hent  lots  becomes  pronounced  (Kicber.  igit>.  ("^ 
exaggerated  by  the  depressant  action  on  the  tem[ietalure-re^uUtiB|t  cenltn.  "^^ 
of  temperature  is  especially  areat  if  Ihe  external  temperatures  cold,  and  aba  if  ttchw 
dissipation  bti*  preiiously  low,  as  in  teven. 
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Use  of  Alcohol  in  Chills  and  Exposure.^ — II  is  evident  that  Sis  would  be 
detrimtnUl  during  cxposuri.-  lo  cold;  the  temporary  relief  and  feeling  of 
warmth  is  obtained  at  the  expense  of  an  increased  leas  of  heat,  and  con- 
sequently diminished  power  of  resistance.  But  if  taken  after  the  exposure, 
the  dilatation  of  the  cutaneous  vessels  favors  the  absorption  of  external 
heat,  and  also  prevents  the  tendency  to  congestion  of  internal  organs, 
and  thereby  the  tendency  to  "catch  cold." 

Influence  of  Alcohol  on  Digestion. — This  varies  with  the  quantity  and 
concentration;  with  the  slate  of  the  digestive  functions;  with  the  habits 
of  the  individual,  and  probably  also  with  the  flavor  and  extractives  of  the 
beverage.  In  general,  moderate  doses  act  as  "condiment"  or  Stimulant 
to  digestion.  In  this  the  flavor  and  the  h>'pereniia  cooperate  to  increase 
the  appetite,  the  flow  of  digestive  juices,  tlie  movements  of  the  stomach, 
and  absorption.    The  action  of  ferments  is  also  accelerated. 

Small  quantities  of  alcohol,  taken  with  meals,  therefore,  tend  to  have  a 
favorable  action  on  digestion.  If  digestion  is  perfectly  normal,  these 
effects  are  quite  superfluous;  the  utilization  of  food,  and  the  total  time  of 
digestion,  is  scarcely  influenced  by  these  doses  of  alcohol.  In  pathological 
conditions,  however,  and  perhaps  in  overeating,  the  effects  may  be  bene- 
ficial. The  best  results  would  usually  be  secured  with  wine.  Tlie  alcohol 
should  not  be  taken  in  strength  greater  than  perhaps  so  per  cent:  even 
this  would  be  too  strong  did  it  remain  for  any  length  of  time;  but  it  is 
absorbed  so  rapidly  that  this  strength  would  very  soon  reach  the  favorable 
limit. 

Large  quantities  of  alcohol,  however — and  especially  when  in  concen- 
trated form  or  on  the  empty  stomach — produce  an  irritation  which  sur- 
passes the  physiologic  limit  and  interferes  with  the  functions.  This  is 
seen  most  markedly  in  the  habitual  use,  when  the  inffammatory  changes 
become  chronic,  and  extend  to  the  portal  system. 

Btm/tr  CmUrnctlfai. — These  »rc  Inhibited  by  alcohol,  as  by  many  other  diemic  and 
nechamc  stimuli  (Caiison,  1913). 

Eitisfd  Intestine  0}  Rabbit. — The  roovetnenls  are  mainly  <tcpr«B<>c(l  by  monovnkat 
alcohott;  vrrj'  <Illutc  solutions  proiluce  a  primaiy  slimulalion  (Kunn,  iQt^). 

■  Action  OQ  Ferments. — ^Since  ulcohol  is  very  rtfadily  .^bM)rbrd,sn(!  ni);tcat  ftmouni  o( 
it  FMIlhtJ  llif  intestine,  il  Can  only  influence  tlie  (crrocnts  ot  the  slomach,  and  its  nition 
TO  pcfMiD  it,  a]i>ne  uf  praclicsl  inlrrrst.  Il  is  tounil  th.tl  in  vitro — and  there  is  no  tcnson 
to  nppOM  tliut  il  acts  any  cliSercnlly  intra  vitam — t  to  1  ptr  ccnL  of  alcuhul  >nt.TCUg«s 
the  taptttitv  of  peptic  digestion.  Up  to  ij  per  cent.,  il  causes  no  ncrceptibie  ictarda- 
tion.  With  15  10  |S  jwr  cent.,  the  diucslion  is  rwluccil  by  one-fourth  to  one-thlnl. 
Vi'ith  JO  percent.,  the  dig^tion  is  Miongiy  inhibited  (ChitlcDdco,  Meudd.aud  Jockwn, 

a898)- 

Been  anil  wine;  h&ve  a  slightly  more  unfavorable  cllccton  account  of  the  extractive 
natter  cont.iined  In  ihem. 

A>iffrt(cno/i'a/iW.— The  presence  of  iJcohol5  strong  or  dilute,  in  the  month  intrca»e» 

rrflcxly  the  amount  and  the  solids  of  the  saliva,  juaC  at  do  many  other  lubitancet  (acetic 

acid,  ether,  etc.).    This  incrvasfd  sectction  docs  not  take  place  if  the  alcohol  is  totro- 

vJuec^  directly  into  the  stomach  through  a  fistula  or  if  it  is  given  lubcolaneousli^. 

^         S«cr«tUNi  of  Gastric  Juice. — The  ciuantily,  the  ncldity,  the  absolute  ouanlity  of  fer- 

Pvne-nla,  and  the  tnul  xofids  (but  not  the  mucus)  are  miirkedly  incrfased  (Chillcnden, 

^Icndcl  &nd  JskImod,  :S98;  Chiari,  igi;).    The  increase  occu«  also  if  ihc  local  action 

csf  Ibe  aloohcu  on  the  stomach  is  excluded,  as  In  the  "Pawlow  hlomach"  (i'jiowitich, 

M  905);  or  if  ihc  alcohol  is  jilaced  into  the  intestine  (Ctiillcndrn)  or  rectum  (Ka3t.  luod). 

with  oral  admini»t ration,  in  man  as  well  as  in  onimali,  the  favorable  cffcrl  obtains 

■^with  CO Dccnt rations  up  to  10  per  cent.;  with  10  to  jo  per  cent.,  the  mucus  is  incrcKscd, 

^s  wdl  at  the  juice.    Above  10  per  cent.,  the  mucus  is  further  inereiwed,  but  the  *«»•■ 

K  iuo  Is  decreaa«d. 

Pancreatic  Juice. — Gizell.  i^ofi,  claims  that  the  pancreatic  Sfcrellon  h  ftimulaled 
^w«hcn  alcohol  JB  itdminiBlercd  by  muuth,  intestine,  or  subcutanevusly;  but  only  if  the 
m^  xtp  A"  iatacl. 
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The  dilation  of  the  cuUtneuux  vessels  removes  ihc  blood  from  the  atonic 
and  ihi'refore  congested  internal  orgun^,  and  lessens  ihe  venous distcntioD 
of  the  heart.  It  would  also  tend  to  lower  Ihc  temperature,  although  the 
antipyretic  effect  is  but  small.  The  narcotic  action  of  alcohol  is  useJnl 
by  quieting  the  febrile  excitement,  thus  reducing  the  demands  on  the 
strength  of  llie  patient. 

On  the  other  hand,  if  the  action  of  the  alcohol  proceeds  to  the  point 
of  inducing  splanchnic  dilation  and  lowering  blood  pres&urc,  it  will  exag- 
gerate the  serious  circulatory  abnormalities  of  fever.  Again,  in  the  acute, 
stimulant  stages  of  the  "sthenic"  fevers,  alcohol  is  apt  to  increase  the  cir- 
culatory excitement,  and  should  be  avoided. 

The  effects  of  alcohol  must  therefore  be  carefully  watched,  to  seem 
its  stimulant  effects,  when  needed,  while  avoidins  both  the  dcprcssaot  and 
excitant  slages.  The  individual  obscn'alions  on  each  patient  can  akae 
guide  its  employment :  The  dose  may  be  increased  or  maintained  so  long 
as  it  improves  the  prominent  symptoms,  quiets  the  patient,  regulates  SM 
strengthens  the  pulse,  and  lowers  the  temperature.  When  it  ceases  to 
have  these  effects — particularly  when  the  pul.ie  becomes  "excited,"  a 
when  the  odor  of  alco))ol  remains  on  the  breath — it  should  be  diminished 
or  stopped. 

The  amount  must  be  governed  by  the  previous  habits  of  the  patient; 
but  astonishingly  large  quantities  can  often  be  given  to  fever  patientf 
without  producing  "intoxication"  even  if  they  arc  unaccustomn!  to  itt 
use;  the  febrile  organism  probably  oxidizing  the  alcohol  more  rapidly. 

Ordinarilv.  one  may  begin  with  '2  to  2  tablespoons  of  brandy  in  b»I/ 
a  glass  of  milk,  every  three  hours,  increasing  ihe  frequencj"  a*  nevded. 

Diuresis.^Dilute  alcohol  beverages  (wine,  ann  especially  beer)  in- 
crease the  flow  of  urine;  but  tlie  effect  is  mainly  that  of  the  csce^ve  a- 
gestion  of  Quid. 

In  man,  Raphael,  iRg4,  found  XhnX  a  liter  of  wine  or  Leer  had  no  more  rfffCt  tbu  lb 
lame  quantity  uf  walet,  iind  less  than  tliut  of  milk.  John,  iqoS.  found  that  tbt*vtn(t 
quantity  of  urine  in  tour  to  six  hours  after  taking  1 1^  liter»  of  water  to  Iw  \.^nt^ 
with  I  Vj  liters  of  3  per  (cnl.  alcohol,  he  dvcragiMl  1,800  c.c;  with  the  tame  quaoiilj'*' 
6  per  cent,  alcohol  ht  averuRitl  j.ooo  c.c.  of  urine.  The  cSecl  wa»  relatively  pwwi* 
a  case  of  renal  insufliricncy  from  h\pcrtonus;  in  this  i  tj  liters  of  vtaXft  g^we  ituy  bi%f*- 
of  urine,  while  the  same  quantity  of  .j  percent,  alcohol  yielded  i,6ooc.C. 

This  suggests  that  the  greater  diuretic  action  may  be  due  to  a  dilator  «flect  on  l*« 
renal  vessels.  Moreot'rr.  nlcohol  irritates  the  urinary  paua|[c»  (and  is  thentore  <*>• 
li^iinditiilfil  inryslilit  and  urrlhrilis);  this  muyincrcase  tile  desire  to inictuntc.*nilm*ti 
the  diuretic  effect  apjiear  greater  than  it  really  is.  "Gin,"  which  contain* juniptt,  by* 
more  direct  diuretic  effect,  from  the  renal  irritation  produced  by  the  tA.  Don  ua 
(o  show  more  than  the  wntcr-di uresis,  011  the  oral  ndmmiiittation  of  any  doMfta  ll^ 
hol  (Januskiev-ic;i.  1911).  (Intravenous  injection  would  ane«t  the  arine  flow,  u°* 
elhw  hypotonic  solutions.) 

Temperature. — The  ingestion  of  alcohol  causes  a  sensation  of  *arnit!i> 
due  to  the  increased  blood  flow  to  the  tempera ture-nervcs  of  the  (tom*^ 
and  skin.  This  sensation,  however,  is  deceptive;  for  this  increW" 
blood  flow  lo  the  surface  and  the  diaphorrsii  increase  the  heat  los*." 
that  the  internal  temperature  tends  to  fall. 

With  small  doses,  this  tendency  may  be  overcome  by  the  incrcoMxl  movtouaU^'^ 
patient;  but  with  larger  doses  the  heat  loss  becomes  pronouDced  (Plklier,  igi**  "• 
exaggerated  by  the  dc]jrcs5anl  action  on  the  lempcrature-re^alinB  center 
of  Irmperaturc  in  r<peri[illy  Rrcnt  if  the  external  tcmpcrnture  u  coU,  and  ■■ 
disslpalioij  wan  prcvinusly  low,  as  in  fevers. 


Vst  of  Alcohol  in  Chills  and  Exposoie.— Ii 

detrimental  during  exposure  to  cold;  ihe  temnmj 
warmlh  is  obtained  at  the  expense  ol  an  htatuei  lMa«f  h 
sequently  dimiiiishrd  power  of  resistance.    Bat  9  lifam^lv 
the  dilatation  o!  the  cutaneous  vessels  (avon  ihe 
heat,  and  also  prevents  the  tendency  to 
and  thereby  the  tendency  to  "catch  cold." 

Isfluence  of  Alcohol  on  DigestHO. — This 
concentration;  with  the  state  of  the  digesti've 
of  the  individual,  and  probably  also  wilii  the  flavor  ttd 
beverage.    In  genentl,  moderate  doaes  act  as 
to  digestion.     In  this  the  flavor  and  the  hypaenria 
the  appetite,  the  flow  of  digestive  juices,  the 
and  absorption.    The  action  of  ferments  is  al<o 

Small  quantities  of  alcohol,  taken  with  meals, 
favorable  action   on  digestion.     If  digesiioo  h  pfiiertly 
effects  are  qtiite  superfluous;  the  utilization  of  food,  aad  Ae  i 
digestion,  is  scarcely  influenced  by  these  doses  of  akobd.    is 
conditions^  however,  and  perhaps  in  overeating,  tbe 
ficial.    The  best  results  would  usually  be  secured  witk 
should  not  be  taken  in  strength  greater  than  p'*"[T  ae 
this  would  be  too  strong  did  it  remain  for  aay  ka^  ti 
absorbed  so  rapidly  that  this  strength  would  vety  soon 
limit. 

Large  quantities  of  alcohol,  however — and  Mpeddfy  tAnfa 
trated  form  or  on  the  empty  slomach — produce  ■■  Jmbtias  ^ 
passes  the  physiologic  limit  and  interferes  with  ike 
seen  most  markedly  in  the  habitual  use,  when  the  i 
become  chronic,  and  extend  to  the  portal  system. 

HttKffr  ConUMtioifi. — The<e  are  inbilMtcd  by  alcohol,  •> 
mechanic  ElimuU  (Caitson,  1913). 

F.f  iirJ  Int'ilint  pf  Rubbil. — The  movcraraU  SVB  taaitAj 
ftlcoholi;  vcty  dilute  snlulions  prodiKc  a  piiaiaxy  ^"'■'■**^ 

ActiaaonFernients.~Sincen1i:oholU  v(^r>'  readily  abMlfcl.. 
it  reaches  ihe  intcslinr,  it  can  only  iollucricc  the  fcnnartaof  IIh 
on  pepsin  is  aIoup  of  prncticnl  intercut.     It  ii  fmiMl  thkt  la  fit 
to  suppoK  that  it  acts  any  liiScrently  intia  rilan — i  to  a  par 
the  rajtidtly  of  pi'ptit:  digestion.     Up  to  ij  [xr  cent.,  it  ca«M 

lion.     With  IS  to  xS  pec  cent..  Ibe  disenion  is  rrtiucei  bj 

With  10  per  cent.,  Ihe  digestion  is  strongly  inhibited  (CfaitlcMH. 
1898). 

tteera  >od  winei  have  a  slightly  more  unfavorabl*  tOect 
matter  cootoinrd  in  them. 

Satrlion  iif  Saliva. — The  pr«Mnceof  Rkohot.tlrancot 
Itdexly  the  amouot  and  the  solids  of  the  saliva,  Jtut  ma  Ao  1 
■did,  ether,  etc).    This  increased  lectction  dos  Dot  tak« 
^hiced  directly  into  Ihe  tilomftch  through  iliKtulaorif  itl»_ 

S*Cr«tioa<rfOutric  Juice.— The  quantity,  the  KMtj^Or 
menti,  aad  the  total  mhih  (but  not  the  mucu*)  ar*  mm' 
3fendd  and  Jactuioo,  iKgS;  Chiarl,  101 0.    The  inetcaw 
«f  tbe  alcahd  aa  the  *tamach  it  ucluded,  aa  in  the  " 
I90jl:ort[  the  alcohol  ia  placed  into  the  intcMioc  (' 
L       With  ornl  admioiKrulion,  in  man  a«  wr!1  m  la  1 
P^th  cODc-enl rations  up  to  to  per  cent-;  with  10  lo  to  fa 
ma  well  ax  the  jnkf.    Above  30  per  cent.,  the  mitoia  k  f 
iloB  b  decreaied. 
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BDe.— Solant,  i^.  fouiul  that  alcohol  by  mouib  (bat  not  iatnvauwaly)  Incra 
the  Sow  vi  b'\]i  by  50  la  j$opcr  cent.;  tile  «olidt  arc  also  tncrcnied.     IncRa*cd  UU 
eecrclion  n'a^  conftrmtd  lor  lurj^e  dosca  by  Oliada,  1015. 

Eileen  on  Absor^on. — Aloohol  itsdf  is  nnidly  abiorbcd  (ste  bdow). 

It  also  mcrcnsi-3  Ihe  ubtotpllon  of  other  «uci«Iaiici>  under  ccrtoia  candJtkNU  (Ricei- 
Schneider,  Strychnin,  :ooo).  out  not  under  some  other  condition*  (Rymn,  SUyeiuSa, 
1919).  Bre(|uct,  1911,  found  only  a  »U)[htcfTccl  on  the  gastric  •iMOrptioa  of  lUychmo, 
salicylatu  or  iodid.  Tschckouooiv,  1014,  obscrvnl  do  jncnase  for  uccharocc.  lodik 
or  NuCI.  Huizlik  found  the  absorption  of  phenol  and  iodid  dtminubed  by  suoac 
■Icohot. 

Alcohol  inlendeii  us  anridoti^  may  (hcrelorr  even  incrcMie  the  loxkity  of  polMOO,  !S 
both  are  taken  by  the  stomuth,  and  thb  i^  not  evacuated. 

Use  of  Alcohol  in  Indigestion. — Alcohol,  in  the  form  of  win?  or  diluted 
spirits,  taken  with  nieala,  is  dinicallj'  of  value  in  some  forms,  and  harm- 
ful in  others.  The  precise  t^nditions  have  not  b«:n  sulfirienlly  defined. 
It  would  be  useful  as  a  "counteriirilant"  in  functional  "colic"  and  gas- 
tratgi^,  and  harmful  in  the  presence  of  an  acute  gasliitLi.  In  chronic 
conditions,  good  results  might  bcrspcctcd  in  "adynamic  states,"  vhcre 
the  circulation  or  tone  are  defective — in  the  course  or  convalescence  froin 
fevers  or  exhausting  illness,  phthisis,  etc  It  would  be  hftrmful  in  hjiMt- 
acidity,  and  therefore  in  most  "nervous  dyspepsias,"  Certain  wines  be- 
come injurious  on  account  of  their  acidity.  The  tannin,  which  i»  present 
particularly  in  red  wines,  may  be  detrimental  to  digestion,  but  valuable  in 
dutrrhea.  Brandj'  is  also  used  against  diarrhea.  Thb  probably  loU 
upon  the  benelicial  effects  of  an  increased  circulation. 

Champagne  is  also  used  as  ananlemelU.  Its  action  in  this  case  depcnii 
perhaps  more  on  the  carbon  dioxld  and  cold  and  on  the  psychical  efitcl. 
than  on  the  direct  action  of  the  alcohol. 

The  Absorption  of  Alcohol. — Tliis  occurs  rapidly,  mainly  from  the  smiH 
intestine,  and  is  practically  independent  of  the  quantity. 

Chiltenrlen.  MenclFl  and  Jackson,  1S9S,  found  that  jo  c.C.  of  &  iopetce«t.^W 
disappear  from  the  stomach  of  a  dog  in  leut  than  half  an  hour;  and  iritn  the  doodtBua 
liiiatcd,  10a  c.C.  of  a  ,17  ncf  cent,  alcohol  arc  completely  abMrbodfrom  the  ttoRurii* 
three  to  three  and  a  hall  hours.  VuUmerinK,  ioi>>  found  ablorptioB  prsctkafiy cut- 
pleled  in  an  hour.  Voeltz  and  Dietrich,  igi;.  found  the  ab»oiptian  mntefwlly  tlW 
in  habilualed  animals,  but  in  either  case  praclicnlly  completed  ID  two  UkI  om-UI 
hours.  Nemscr,  1907.  invesli}^tcd  ihe  ii-lativGri)fe0/(Jki  iwtasin  portions ol  Ibtit- 
nentary  tract  in  the  ab«nfptton  of  alcohol,  under  normiil  condiUoD*.  Adminirterfng  * 
per  cent,  alcohol  to  dogs  with  ti^^tula;  at  diffcr^'nt  levels  he  finds  iKit  the  anmui' 
absorbed  ut  each  level  depends  mainly  upon  the  time  during!  which  the  fluid  nannillf 
tojoums  at  tliis  level:  Veo'  'ittlc  of  the  alcohol  ii  thcrdorc  abiocb«d  from  the  VMlk 
about  a  tifch  from  the  stomach;  %'cry  little  from  the  duodenum;  the  grcaitcct  qniM^ 
from  the  {rjuniim,  and  the  rcmaSnInj;  lillh  from  the  ileum. 

Hanzlik  and  Collinii,  T913,  have  studied  the  abiorftion  from  imttaUmal  U»fi  in  BA< 
■nimais.  It  was  rather  belter  from  the  colon  than  from  the  ttonuli  Ot  email  isw 
t[ne<^;  the  length  of  the  loop  had  little  iollucnce:  10  per  ceot.  »olutiotia  w«r  ahwW 
tlightly  better  than  stronger  or  wc&ker  concentration*.  The  int«*liDal  wall  icfi** 
certain  amount  of  alcohol  very  hrmly,  thus  apparently  armttni  kta  sbtorplion.  VxdK 
B.tiidiexcl  and  Dietrich.  iQiz,  found  rather  Mmibr  phenomena  ia  the  sbMip^" 
alcohol  by  the  urinory  bladder,  which  is  fairly  c:(lFnsive  (Ntdons  and  Nowkfca,  ifti^ 

Excretion  of  Alcohol.~Only  a  very  small  proportion  of  the  ingw"^ 
alcohol  is  excreted  by  the  kidneys  and  lungs.generaUy  lessthan  spcfceoU 
and  probably  never  more  than  10  per  cent.  (Stiassmann,  1891 ;  Benedic*""* 
1896).    The  remainder  is  completely  oxidized  in  the  tissues. 

The  proportion  excreted  depends  upon  the  dose  and  other  cowfiw* 
It  is  greater  if  the  respiration  is  increased  as  by  muscular  woik; « '' 
the  absorption  is  more  rapid,  as  when  the  alcohol  is  taken  on  to  ta>pV 
stomach  (Voeltz,  Baudrexel  and  Dietrich,  1911,  1911). 
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Channel  of  Excrrlion. — Thi»  occur*  nvoinly  by  the  Vidneyi  &iid  lung*;  a  imall  amount 
Iscxrrcleii  incl  TEibwrbeil  from  the  uriaory  bliiiclcr.  Thcpulmonftrycxcrcl.innUfRiiiy 
con&taitl;  that  by  the  urine  variM  btlwccn  one  aii<l  one-hall  and  ijpMcrnl.,  liciiending 
largely  on  Ihc  MJJourn  and  rrabsorption  in  Uic  bladder  (N'icloux  and  Nowickn,  1913). 
Tltc  nulk  may  contain  a  sninll  amount  if  large  <|uitntilirs  are  ingctleil.  but  not  uitb  ordi- 
nary do6c3  (Rliiigcraann;  Koldcwijn,  1910;  Sihol [mueiler  and  Schumm.  191;).  The 
maximum  amount  would  be  too  small  to  affect  sucklings  (Votlt/  and  Parcblner.  191  j). 
It  i»  also  iMcrcled  into  the  trfrAfn-jein.i/_rti(irf(als.i  acetone  and  cliloroform.  Ilald,  1011). 
This  has  been  proposed  as  a  test  for  alcoholic  psythosei  (Sclig.  1013;  VorkiLitner  and 
Neuc,  1913.  caution  against  hasty  concluMons).  It  i»  iiol  excreted  in  tbc»wcat  or  fecet 
(alight  Iraces  by  iiitwiiaal  loops  Hanzlik  and  Collins,  igij). 

The  excretions  do  not  contain  nn  appreciable  amount  of  acetone  or  other  inlcrinc* 
ditttc  decomposition  pro'iucls  (Masing,  1S54), 

Percentage  of  Alcohol  in  Blood. — According  to  the  old  work  ol  SchuUnus,  1S6O,  the 
blood  is  said  locontain  o.iz  percent,  in  the  stageol  slifchtconfuaiou,  and 0.71  percent. 
in  deep  narcosis. 

According  In  Widmnrk,  1915,  the  concentration,  in  man,  i*  abont  the  «ame  tn  the 
blood  and  urine.  Il  is  nut  aSccted  by  the  concent nttion  in  which  ibc  akohol  is  ndmiu- 
istcred,  but  it  b  higher  if  the  alcohol  is  taken  fu'ting  than  oiicr  nicoli. 

Existence  of  Alcohol  in  Normal  Tissues. — A  trifling  quantity  of  alcohol  appearo  10  be 

Eroduced  in  the  tissues  in  llie  muric  of  normal  mt'labiilism.  Its  presence  was  claimed 
y  W.  H.  I'ord.  187J,  and  confirmed  <|uaUtalively  by  Londibcrg.  1904.  Reach,  1907, 
finds  that  fresh  rabbit's  muscle  contains  to  0.0017  per  cent,  of  alcohol;  the  Uvcr  may 
contwn  o.oj  to  0.14  per  cent.  Voelti  nnd  Dietrich,  101  j.  recovered  a  total  of  about 
o.t  c.c,  from  normal  dogs,  Dalcin  believed  that  thi«  "normal"  nleoholisnoi  formed  in 
the  tlHueK.  but  by  intestinal  fermentation;  but  Taylor,  191J,  finda  it  even  after  the 
removal  of  the  entire  digestive  tract.  Schiveisbcimer.  1913.  claims  that  normal  human 
blood  contains  about  0,01  per  cent,  of  alcohol.  In  drunhardi,  the  concentration  may 
riK  to  il  per  miUe  ;  but  after  the  ingestion  of  alcohol  the  excess  diiappears  more  rapidly 
from  (be  blood  of  drunkanh  than  from  n on. habit UHted  individuals. 

Distribution  of  Ineested  Alcohol  in  Tissues.^ Vollrnering,  191!,  found  that  »oon 
after  abiorption  the  ratio  was  bloo<l>lii-ei>  muscle  >hiain.  l.aier,  the  brain  contained 
the  most.  Fatty  tistuc  wa?  stow  to  take  it  up,  but  retained  it  longer.  Voclti  and  Die- 
trich. 191 1,  found  3  to  II  per  cent,  still  present  in  the  body  fifteen  hours  alter  dose*  of 
I  C.C-  per  kilogram;  )  to  4  per  cent,  had  been  excreted  by  the  rcspirntion,  0.4  to  4  per 
cent,  by  the  urine,  and  00  per  tent,  had  been  o.xtdized.  Mesmer.  1013.  could  not 
demonstrate  destruction  of  nlrohol  by  emulMons  of  tiwuci,  or  by  blood  in  ri/ro. 

The  Fate  of  Alcohol  in  the  Tissues;  EJtcl  on  Metabolism. — Over  gS 
per  cent,  of  the  ingested  alcohol  disappears  in  the  bodv,  being  complelely 
oxidized  to  carbon  dioxid  and  water  (.^twater  and  Benedict,  IQ03); 
probably  with  acetic  acid  as  an  intermediate  stage.  By  the  chemic&l 
energy  thus  lilierati;i]  (about  7  calorics  for  1  Gm.  of  alcohol,  or  4  ca1orit» 
for  I  c.c.  of  whiskey)  alcohol  can  perfectly  replace  carbohydrates  and  fats  in 
the  diet,  and  is  a  typical  non-nilro^enims  food.  It  U  even  superior  to  most 
other  foods  in  one  particular,  viz.,  in  that  it  docs  not  require  digestion. 
By  its  poisonous  side  actions,  however,  it  may  at  first  cause  an  increased 
nitrogen  excretion  iti  individuals  not  atvustomcd  lo  ils  use;  but  this  action 
disappears  in  a  few  days,  and  it  then  saves  nitrogm  like  any  other  food. 

When  added  tn  an  ordinary  diet,  the  COt  excretion  and  the  output  of  heal  are  not 
nuterially  chnnKcd.  The  akuhol  therefore  saves  the  Other  constituents  of  the  diet  from 
dcconqKoition,  and  the  body  showt.  a  correspooding  gain  in  weight.  If  it  ii  added  to  a 
diet  ddkicnt  in  carbohydrates  or  fata,  the  mctabotitm  is  the  Hume  as  if  an  isoilynamlc 
qvanllty  of  these  foods  were  added.  It  spares  carbohydrala  in  man  even  when  large 
amounts  of  lugar  are  supplied  (Tocgelniuicoworkc-n:,  loij).  It  can  be  uwd  up  in  muv 
cular  voik  (Krieger,  toi.t).  In  dogs  receiving  1  c.c.  of  alcohol  per  kilogram,  this  tup- 
plies  about  40  per  cent,  of  the  energy  (Voelti  and  Dietrich.  101  s).  (The  literature  of 
Ihii  subject  is  summariicd  by  Roscmann,  igai,  Pflucger's  Archiv,  86;  J07). 

By  obscr\1ng  the  respiratory  quotient,  HigBins,  1016.  showed  that  in  man,  with 
do«c*  of  .10  c.c.  ot  alcohol,  appreciable  quaniitics  begin  to  be  burned  in  five  in  eleven 
minutes  after  administration.  Sucrose,  laclnsRnnd  1ci'u1oi<e  gave  similar  results;  whcrc- 
Mglucoac  and  maltose  beRun  to  be  oxidized  only  afttr  twenty  to  thirty  niiantet. 
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Tlw  oxidstion  of  iilcohol  is  compleud  rather  slowly;  with  i  c.c  pet  kai0Wi,l1 
requiict  about  ciKhtwii  houn  tV<idU  and  Dittricll,  1915).     tt  li  uot  rnktcriilTy  laWJ 
ioMbicualcd  inJividuEilB.  andaimnJ  by  Priuit^tidm,  tQOS.     tt  UMid  tobclmtctwl^ 
t«vrr.     IncTtaAcnf  external  trmfcrnturc U «ud  HiksicnitsoiidftXiaaaiuItopcaaultlll 
ezcrFi!oii(tbuio6)>erccut.  oxldtMdat  i6°C.;Q3pcr  ccnL  at  36";  VodttBadBwdind 
1913)- 

Bfiect  on  NltroBen  Met aboUsm.— Mendel  uul  Uilditch,  1910,  bsre  bnUipli' 
the  eSectSoI  modtrate  quaotitlct  on  mm  and  dogs.  Gtviog,  in  man,  qauliliaam' 
■IMDdiiig  to  96  cc.  of  9s  per  cent  jJcohol  (— 500  calorics),  divuUd  Into  ^  dcoMMf  Ait. 
iritli  coBKttftt  diet,  th^  found  no  pmnounccd  di*turbaiir«  in  the  alimoituysubidte 
el  food  Thne  doaea  spared  proiein;  the  pirtltlon  of  the  urinary  aluogdi  m  *■ 
changed,  except  that  the  purin  cxcrctiao,  Dotb  end<«vaoui  uid  eiogenwHt  «•*  ia- 
CKAMil.  Larger  do«es  ctuwd  a.  lo»  of  nitrogen  atui  a  rdaKvc  increaie  at  vdHiji 
ammonia. 

Slehir,  191S.  found  no  increase  in  the  ewrelion  of  endogenous  uric  acid.  liit«- 
tlcin,  1914,  claims  that  nlcohol  inrrrniics  Ihc  got- metiboliKm  of  the  ipinaloonlc(|Hp- 

Subaciit*  Alcoholic  IntoiicatSoa.—S.ilnni  ami  Hinkrl.  1910,  louBcl  that  UwcMMi 
in  well  fed  doe*,  a  modcnlc  diminttlinn  of  ihe  total  urinary  iritroBen  and  adftWi* 
much  Krcatrr  dmrcs^c  of  (he  iiiuricniiic  KulplialM  and  pho»phate«:  a  trndCKTlsrt**^ 
tion  of  chloridti;  a  diminution  of  indicsn;  itnd  increase  of  neutral  and  cthcnu  nI|AB' 

FOOD-VALUE  OF  ALCOHOL 

Whilst  there  can  be  no  doubt  Uiat  alcohol  is  an  excellent  food,  in  l**' 
sense  0/  beiriK  ,a  source  of  energy,  other  factors  must  be  taken  into  coiaiito^  ■ 
Btion.  The  increased  nutrition  may  itself  be  detrimental  to  the  M)'> 
cither  by  prcveiHinK  the  complete  combustion  of  metabolites  {which  nwy 
|)0!i*ibly  be  connect  fcl  with  the  origin  of  gout),  or  by  leading  to  an  ibw*- 
mal  deposition  of  fat.  A  still  more  potent  objection  to  considering  tk^ 
hoi  as  a  generally  uwf ul  foorl  lies  in  its  toxic  action,  cspecLiIly  its  psyt^*? 
effects.  Alcohol  should  therefore  be  employed  as  a  food  only  when  1  "*"" 
cient  supply  of  energy  can  not  be  obtained  from  an  ordinar>"  diet;*'.'* 
instance,  in  dtgcslive  dUiurbaaets,  or  when  the  demands  on  Ihc  orjis"*" 
arc  unusually  large,  as  in  fever. 

The  proverbial  obtsllv  of  pci*ons  ad<Uctod  to  the  overuM  of  weak  alcoholk  Bt*" 
(la  whSch  the  nutrient  Hivct  h  lew  obscured  by  the  toxic  actions).  Is  a  iti4kia(  Bl*^ 
SOB  Itut  too  good  a  nutrition  is  not  neCBiarily  beneficial.  That  akobol  MM*<>* 
oxidation  of  mctabolilct  is  f>bown  by  in  incr(iis<d  txcrHi^H  ^  mric  oeii  oni  ""T 
nitrogen  at  the  expense  of  urea  (i'litoa  and  Eason,  1901 ;  Mendti  and  Hildilch,  ■4'^'- 
Thi*  points  to  a  modification  of  the  functions  of  the  liver, 

£ur^Ntf0iu  of  alcohol  are  always  detrimental  to  nutrition,  le«»eniag  bo(H»«* 
ilation  and  iUtasslnillatlon.    The  eftetts  rcMmble  thoM  of  the  aneatbetlca. 

Alcohol  In  Diabetes  Uellitus.— .Ucohol  may  be  expected  to  act  f a\-oiiMT  "  Jj* 
coaily  digestible  fivxl.  ^iipptyinit  the  place  o(  the  siuaf,  aad  dimtnbMng  the  <K*^ 
draft  on  motrint,  iind  (bus  t»a«ning  the  risk  of  aadotis.  TUs  emectaliMte*^ 
vcrilie'l:  UeneilicI  and  F6rdk,  1906,  found  that  the  replaceflient  ca  50  tA  ^^^t. 
food-fat  h)-  iiodynamic  qiukotmcs  of  alcohol  lessened  tnc  excretloin  <u  sugar,  **^!£ 
and  nitrojrrn.  O.  Nrubaurr,  1006,  also  r«purit  it  ai  utelul.  On  the  othrt  fcaiA^ 
f^ins,  Peahody  and  Fitx,  1016,  fouiici  that  alcohol  did  not  prevent  addoUs  !■  B*^ 
persons  on  corbohydrale-free  diet, 

Kxccsavc  quantities,  however,  can  not  be  expected  to  "''''t 
favorable  action,  since  the  toxic  effects  will  predominate.    Salast.  tV^^ 
fed  rabbits  on  alcohol  alone,  and  found  no  increase  of  htpalu  t^y^^^M 
nor  did  lar;;e  doses  retard  the  disappearance  of  stored  glycogen.       ^m^| 

Use  of  Alcohol  in  Convalescence  and  Debility  as  an  ^»''*Pt^  V 
"Restorative"  or  "Stimulant"— The  value  of  alcohol  in  lbc«  toodi"^  ^ 
is  sup|>orted  by  long  i-xpi-rUtue,     Its  action  must  be  quite  compCf*'* 
In  the  absence  of  ofj;anic  lesions  a  great  deal  may  be  expected  frotf  1^ 
proving  the  symptoms.    This,  like  nursing  and  hygiene,  increases  tlw*"* 
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fori  »nd  well-being  of  the  patient,  and  starts  him  on  the  w*y  to  improve- 
ment. Alcohol  meets  these  indications  in  an  excellent  manner;  The 
feeling  of  well-being  caused  by  it,  the  sense  o(  capability,  the  removal  of 
worry,  the  enjoyment  in  the  act  of  taking  it,  the  rest  and  sleep  induced 
by  its  narcotic  action,  its  food-value  and  its  beneficial  effects  upon  diges- 
tion, all  concur  in  its  action.  To  this  may  he  added  its  slight  but  certain 
effects  upon  the  vascular  system— the  altered  distribution  of  blood,  the 
diminished  resistance  to  the  heart — which  may  be  of  benefit  in  some  cases. 
For  these  purposes,  the  alcohol  should  be  taken  well-diluted,  as  light 
wines  or  beers. 

Use  of  Alcohol  in  Depressed  P^chical  States, — (Hypochondria,  Met* 
ancholia.  Neuralgia,  and  other  obscure  ncr\'ous  diseases.)  This  relieves 
the]>atient,  by  its  mild  narcotic  and  euphorisiic  action — but  the  temporary 
relief  is  generally  obtained  at  the  expense  of  a  permanent  alcohol  habit, 
and  is  therefore  not  to  be  advised. 

Use  of  Alcohol  as  a  Hypnotic. — Alcohol,  especially  in  the  form  of  beer, 
taken  at  night  and  in  the  absence  of  excitement,  is  a  fairly  efficient  hyp- 
notic, producing  less  derangement  than  most  other  hypnotics;  but  itsuscltll- 
ncss  is  limited  by  the  danger  of  chronic  alcohoUsm.  The  hypnotic  dosage 
corresponds  to  4^  to  60  Gm.  of  alcohol. 

K  CONTRAntDICATIONS  TO  ALCOHOL 

These  may  be  briefly  rcaummarizcd  as:  Danger  of  habit;  states  of 
excitement;  sthenic  stage  of  fevers;  irritation  of  the  alimentary  or  gcnito- 

I  urinary  tract. 
ACtnS  ALCOHOL  poisomifo 
With  excessive  doses,  the  "stimulant  stage"  passes  progressively  into 
the  narcctic,  anesthetic,  and  paralytic  stages.     The  narcotic  stage  may  be 
said  to  exist  when  the  symptoms  of  lessened  psychic  activity  assume  promi- 
nence.   Sensalionaad  motion  become  impaired,    5pf  ecA  is  thick  and  mut- 
Itering,  the  gait  uncertain,  tlie  special  senses  are  blunted.    Drowsiness 
sets  in.    The  face,  which  was  flushed,  may  become  pale.     Vomiting  occurs. 
Consciousness  and  sensation  and  muscular  tone  are  gradually  lost 
completely.     This  constitutes  the  anesthetic  stage. 
In  the  paralytic  stage  proper,  the  symptoms  are  those  0/  beginning 
VieiiuJlaTy  paralysis:  The  renpiraJion  is  slow  and  stertorous;  the  pulse 
scarcely  discernible.    Skin  cold  and  cyanotic.    Pupils  generally  dilated. 
Jieftex6s  abolished.     The  temperature  falls   severely.    The  odor  of   the 
bccath  i<  diagnostic. 

I  If  very  large  doses  have  been  taken  on  an  empty  stomach,  these  para- 
lytic symptoms  may  set  in  at  once. 
Dnili  i«  relatively  rate.  It  may  occur  within  hnlf  an  hour,  or  tlie  coma  may  stO" 
<lreprr  and  terminate  in  paralysis  oF  the  respiration  or  of  the  heart,  or  in  pulmonary 
edema;  t^ntrntlly  within  Iwcnly^fuur  liours.  If  the  coma  U>ils  bcyonii  Ihlrlwn  hourt, 
recovery  a.  exceptional.  Dcatli  may  also  occur  later,  either  from  prolonged  cmna;  ot 
■JtCT  ■  prDlrAiili'<I  <icbftuch,  as  the  result  of  gaalric  iirilnlion  nni]  debilllAtlon. 

TlM  ftcufp  (atal  dose  i^  prubitily  viiriabli-.  In  aiiulu)^  with  nnlnials,  it  would  ro- 
quire  about  a  pint  of  ivhlsKy;  and  cojcs  of  death  fmni  such  cjusntittes  ate  nKotded 
(Lcwin). 

Recovery. — The  coma — if  the  intoxication  has  progressed  so  far — 
{passes  imo  natural  sleep,  often  with  sweating.  On  awakening  there 
I  follows  a  series  of  symptoms  pointing  mainly  to  acute  gastric  catarrh,  and 
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Id  decerebrated  cats,  T.icb,  igi^,  louttd  no  uiurkn)  ch&n^  in  the  Uood  pRMSt  V 

heart  rate,  ailtt  0.5  to  j  c,'.'.  per  )cil<«mn,  dilute  of  cimrrnirkti'i). 

The  Vein  prtnurr  is  nut  cbntigcil  hy).nutU  d<WM,  but  liicrtased  byUuge  doMxridcb 
injure  the  heart  iCapps  and  Miitlhcui.  igij). 

Blacd  /Vtnd^-Mcoholic  bcvcmgca  o(  the  ntrcnxth  o(  wine,  admioiittred  to  fumnil 
men  in  moderate  doses,  prnducr  a.  brief  preliminary  dccreaic,  ioUowedbyamocelMtiiit 
increase  of  the  binod  flow  in  the  hand.  Rath  etlrtti  ore  vo&cular.  Alcohol  alw  bvon 
vuodllulor  reflexes,/.),,  (ho  conlrHlatrml  ficftl  reflex  (G.  N.  SIcwul,  1915).  Mxnla 
and  Colling  tgti,  found  the  circulation  time  in  ictetiiniJ  vend*  distindljr  doml 
by  (datively  small  doses  of  alcohol,  intra vctiouily,  even  when  the  carotid  prtmaiv  w» 
uachanKcd. 

Viuomotor  Changei. — 'llie  cuianfous  vaiodUalion  Li  obviou*  od  mere  Intptctiott,  uA 
may  be  confirmed  by  plethysmogroms  at  the  limbt,  and  hy  the  blnod  flo*.  Sinn  tk 
blood  (ireisure  doci  ii<>l  fail  in  the  ea  rly  <-tsitev,  (i  i«  e\'ii}cnl  tbit  this  dilatioo  of  the  nr- 
hce  vessels  is  comjienialed,  dlhei  by  the  conalriclion  of  other  vnculai  ureat,  othym- 
CKMeii  output  of  the  hejirt.  Both  foctora  appear  to  contribute  to  the  NMilt,  accorifiif 
to  circumstances. 

Sfilanclink  vasMosslrictUm  in  the  early  stage  has  been  demotuirated  by  Diioa, 
1907,  who  found  that  the  volume  of  the  intestine  drrrcascs  while  the  blood  pntMnriwa. 

Grnerii!  vasodilislion.  presumably  in  the  mere  advanced  itaget  of  theaetiMi,  ii  dkm 
by  the  fact  that  the  blowl  pressure  is  practically  not  increased,  oottritlutuding  cn- 
tiderable  increase  of  the  output  of  the  heort,  as  measured  by  the  stromtilir  (Bemnttrt, 
iSSq;  Wood  and  Huyt,  igo.g,  or  by  the  cardiometer  (Diion).  If  the  \-aiioiBotor centa 
u  excluded  by  section,  the  injection  ol  the  alcohol  causes  a  more  marked  rite  of  {uawt 
(Kochmann;  Wood  and  Hoyi),  showing  that  the  vasodflator  action  of  alcobol  mm  be 
central,     fliachcm,  however,  found  lc»s  rise  after  section  of  the  vasomotor  cenlerj 

VasoniBlff  Rffiun: — Potter  and  Turner,  1915,  find  tbnt  alcohol  may  MKpeeid  m> 
moTor  reticles  even  when  the  jKncr;^!  level  ol  the  blood  prcSHue  !*  not  alltnid.  TV; 
conclude  from  this  that  separate  centcre  exbt  for  vawmolor  lone  and  reflne*- 

hirtd  Atiion  on  Vtaels. — The~e  appear  to  be  insigniGcaiit.  Oo  perfutioo.  Dim 
found  in  mammals  slight  dilation  with  0.1  to  0.3  per  cent.;  hi^er  concentratlotii  s>R 
conatn'clion.  Perfusion  of  the  Irog  showed  moderate  const  nctlon.  Id  uuvlria|tai1«itl 
rings,  Cow,  1911,  found  very  slight  rmponse;  Iraniicnl  conslriclion  foflowed  by  dib- 
tioa.    Plumier.  1903,  believes  that  alcohol  has  a  peripheral  constrictor  cffKt. 

ImpTovrd  SutrUiott  cf  tlic  Htisrt. — The  intreaied  oiii^it  vf  the  karl  in  jito  u  altcHcJ 
by  the  stromuhr.  cardiometer,  rise  of  preiuurc  after  dc<itruction  of  vuoBiotorccntcr,(ICi 
Since  this  Improvement  is  not  usually  noted  In  cxcl.hed  hearts,  it  csaeot  be  duels* 
direct  action  of  alcohol  on  the  cardiac  muicle.  Kochmann,  looj,  attributet  ii  ■• 
in^provement  of  the  coronary  drculatinn  by  the  general  vascular  change*.  Dixon,  tge;, 
bnnj{s  good  evidence  that  the  food- value  of  utculiol  phj-s  the  mo«t  important  (4Ie;  teW 
finds  it  most  cfiectivc,  in  excised  hemls,  when  the  nutrient  supplr  baa  been  prantnlr 
cihausled.  Hamill,  1910,  then  showed  directly  that  pcrfuicd  beort*  are  abb  I* 
metabolite  alcohol, 

Excisai  yfttmmalian  Heart, — The  c0ecta  have  been  studied  bypctfuaon  with  Laaftv- 
dor£f'£  method,  especially  by  Kochntunn,  1904;  O.  Loeb,  1905;  Bockmaim,  tgo6;lita, 
W13;  Barry,  1915. 

Concentrations  up  too. 5  per  cent,  are  absolutely  uithout  action,  acconGliglomM 
observers.  Loeb,  howei-er,  describe*  occnsional  slight  stimulation;  and  Dina  M 
increased  excursions  constantly  if  the  heart  has  been  exhausted  (»<c  pfCGnUnt  **t^°^ 

Concentrations  to  0.5  per  cent,  also  i;ive  no  result,  or  at  mo«1  tnT^WMW^"'  ™ 
llightslowing.orwcakeningorarhytbmin.  With  concent  ration  of  1  per  cent,  and  U^ 
marked  depression  appears;  Ihe  systvlr*  are  wcitkcnrd,  but  the  dlaatollc  CTCWBOatW 
not  increased.  The  (oritnary  vasds  appear  somewhat  dilated,  i  per  cent,  of  aklW 
causes  severe  damage  to  the  muscle,  especially  of  the  auride*,  iduch  are  domJ  H" 
weakened,  while  the  vent  rides  may  be  merely  stowed  [Barry,  1915)-  Four  to  SP*"".'" 
arrests  the  heart  in  diastole;  the  auricles  stoppiru;  before  the  venlride.  If  theMCtktJs 
removed,  ihc  heart  recovers  raiMdly,  even  from  severe  depression.  Repeated  p«fi^ 
givts  rapid  habituation  (Kuno), 

Brandini,  1913,  found  the  depres^iant  eSect  on  perfuicd  rabbit's  heart  incr«aMd*ili 
rise  of  temperalurt. 

The  concentration  of  alcohol  in  the  blood  of  living  animals  i»  aMj" 
be  0.1 3  per  cent,  in  "slight  confu*ioii,"  and  0.7  per  cenl.  in  deep  !»««*■ 
It  is  therefore  evident  that  the  direct  cardiac  effects  of  alctdu)  pby  » 
part  in  dlher  the  Uierapeutic  or  loxic  phenomena. 
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Prtnvrt  in  PviiiMnaty  Artrry. — Dixan,  1907,  nnd  Wood,  igii.  linds  this  sllgtitly 
bmCMCd,  even  when  the  carotid  pressure  is  unchanijecL  L'locHa  and  Andcfw,  1914, 
found  the  effect  on  the  pulmoDan-  vessels  incontitanl;  generally  dilation,  TArcly  ron- 
slrktton. 

Cffcbral  Ci«i4iai'<m.'"ConUadictoty  results  were  obtained  by  Aliprandi  and  For- 
m&roli,  1905;  nnd  by  E.  Weber,  190O'  Hinchfeldcr,  i9ij>  describes  dilation  of  the 
vnacis  of  the  pia  mater  and  retina.     Bcmin,  1916.  ulso  ubsrrved  dilation. 

Thr  frog's  heart  is  stimulated  by  Kiniiil.  and  dcpreucd  by  higher  conccnttation* 
(Woodanii  Hoyt,  1905);  according  to  others,  even  the  smaller  dow*  are  depredsant 
(DmcT,  1887), 

Btnulylic  Aelum. — Alcohol  added  in  sulBdent  concentration  directly  ti>  blood  caum 
lMmo)y»ia  (C.  H.  Schulx^  i8>40-  This  concenlrslion  is  not  rcachcfl  in  living  animals; 
but  the  resistance  to  lakmg  agents  is  noticeably  lowered  (Liebermann;  Fillinger.  1912). 
Continued  ndminktrBtion  increases  the  resistance  of  the  cornusdes  (Orban,  1913).  If 
the  relative  hemolytic  effect  ol  different  alcohol*  ii  compared,  it  Is  found  to  be  propor- 
tional to  their  effect  on  surface  tension,  rather  than  to  their  lipoid  solvent  action  (Fuh- 
ner,  toi:).  J.  X.  Schull/,  1911,  has  invcsligiteil  Ll)c  influence  of  various  subatojicct 
(iDcluoinic  sera  In  dilTerent  diseases)  on  the  alcohol  hemolysis. 

Stood  Viieosily, — This  is  somewhat  increased  by  the  administration  or  inhiJation  ol 
alcohol  or  methyl  alcohol  (Burton-Opitz,  IQ04,  igi4). 

Dse  of  Alcohol  in  Collapse.^ — The  effects  of  alcohol  on  the  general  cir- 
culation an-  utilized  in  the  treatment  of  collapse  and  in  exhausting  feven?. 

Us  usefulness  as  a  quickly  acting  ("diffusible")  stimulant  can  scarcely 
be  doubted  in  the  various  forms  of  sudden  circulatory  collapse — syncope, 
czhauEtioQ,  hemorrhage,  traumatic  shock,  snake  venom,  strychnin, 
aconite,  veratnim  poisoning,  etc.  The  main  element  in  its  action  is  the 
reflex  stimulation,  increasing  the  pulse  rate,  the  blood  pressure,  and  the 
respiration.  The  narcotic  action  is  also  u.seful;  the  psychic  centers  arc 
less  easily  frightened,  and  the  narcotized  medullary  centers  are  less  sub- 
ject to  dangerous  shock.  The  subsequent  vasodilation  is  theoretically 
inadvisable,  but  it  is  not  sufficiently  pronounced  to  have  any  practical 
Mgnihcance. 

The  reflex  action  being  brief,  alcohol  acts  mainly  as  a  temporary 
emerger«.y  remedy,  to  tide  the  patient  over  the  immediate  dangers.  To 
secure  these  reflex  effects,  25  e.c.  of  whiskey  or  brandy  should  be  given 
undiluted,  and  preferably  hot,  repeated  every  ten  to  fifteen  minutes, 
according  to  effect. 

Other  Diffusible  Stimulante. — A  similar  reflex  stimulation  may  be 
secured  by  ether,  aromatic  oils,  camphor,  or  ammonia.  The.se  may  be 
administered  by  mouth  (Spiritus  Aetheris;  Spiritus  Camphone;  Spiritus 
Ammoniae  Aromalicus);  or  by  smelling  (aromatic  ammonia,  smelling 
salts);  or  hypodermically  (brandy,  ether,  camphorated  oil). 

Cardiac  Disease. — The  actions  of  atcohol  are  acniccly  available  except  tor  temporary 
conditions,  »ucli  ai  acute  myacaniiat  msujiifirncy.  In  (hank  Iniunt,  ^mall  doses  mny 
be  valuable  to  lessen  the  worries  of  the  patient,  especially  if  he  hai  been  accustomed  to 
iU  use.  The  vatodilalnr  effect  may  be  useful  in  .Irijiiirii  PecUirts,  but  it  ii  inferior  to 
the  nltrllfs.     Alcohol  does  not  bfluencc  Pultnonary  tlemorrhagt  {R.  Frey,  iQog). 

Use  in  Exhausting  Fevers. — (Typhoid,  Pneumonia,  etc.).  The  intelli- 
gent and  discriminaiiiii;  employment  of  alcohol  should  be  useful  in  these 
conditions;  iisindiMinminale  use  would  doubllessdo  more  harm  than  good. 
The  beneficial  effecls  are  probably  mainly  nutrient,  due  to  the  direct 
food-vclttf  of  the  alcohol,  and  to  the  stimulation  of  the  digestion  and  ab- 
sorption of  other  foods  (see  below).  This  not  only  conserxcs  the  general 
nutrition  of  the  patient,  but  also  increases  the  output  of  the  r.rhau.\tfd  heart. 
The  pulse  becomes  stronger  and  more  regular.  The  altered  distribution 
of  the  blooil  of  the  mildest  degrees  of  alcohol  action  would  also  be  beneficial. 
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The  dilation  of  the  (uUtnrous  \'essels  removes  ihe  blood  from  ihc  a' 
and  tlicrtforc  congcati-d  internal  organs,  and  lessens  I  he  venous  dUlcnii 
of  ihe  heart.  It  would  also  tend  to  lower  the  temperature,  alihouf^  the 
antipyretic  effect  is  but  small.  The  narcotic  action  of  alcohol  U  useM 
by  quieting  the  febrile  cxciteincnt,  thus  rcdudng  the  demands  on  tk 
strength  of  the  patient. 

On  the  other  hand,  if  the  action  of  the  alcohol  proceeds  to  the  point 
of  inducing  splanchnic  dilation  and  lowering  blo«^  pressure,  it  will  enf- 
gerate  the  strious  circulatory  abnormalities  of  fever.  Again,  in  the  acute, 
stimulant  alagesof  the  "sthenic"  fevers,  alcohol  U  apt  to  increase  the  or- 
cuiatory  excitement,  and  should  be  avoided. 

The  effects  of  alcohol  must  therefore  be  carefully  watchcdi  t6  seOR 
its  stimulant  effect::*,  when  needed,  while  avoiding  iKtih  the  depressant  aid 
excitant  stages.  The  individual  observations  on  each  patient  can  alow 
guide  its  employment :  The  doae  may  be  increased  or  maintained  so  \oDg 
as  it  improves  the  prominent  symploms,  quiets  the  )>atient,  regulates  and 
strengthens  the  pulse,  and  lowers  the  temperature,  \Vhcn  it  ceases  to 
have  these  effects — particularly  when  the  pulse  becomes  "excited,"  or 
when  the  odor  of  alcohol  remains  on  th«  breath — it  should  be  diminisbnl 
or  stopped. 

The  amount  must  be  governed  by  the  previous  habits  of  the  patieet: 
but  astonishingly  targe  quantities  can  often  be  given  to  fever  patienti 
without  producing  "intoxication"  even  if  they  are  unaccustomed  toil* 
use;  the  febn'le  organism  probtibly  oxidizing  the  alcohol  more  rapidly. 

Ordinarily,  one  may  begin  with  '  2  to  2  tablespoons  of  brandy  in  li»If 
a  glass  of  milk,  every  three  hours,  increasing  the  (rcquencj-  as  needed. 

Ditiresis.— Dilute  alcohol  "beverages  (wine,  and  especially  beef) 
crease  the  flow  of  urine;  but  the  effect  is  mainly  that  of  the  cxccisivc 
geslion  of  fluid. 


In  mnn,  Rakphael,  iSg4,rnund  thai  a  litvr  of  wine  or  bwrhad  no  more  tfltct  tkantk 
tame  guiinlily  of  walcr.  and  \esi  th^tn  that  of  milk.  John,  1908.  found  that  tlwavsip 
quanlity  of  urine  in  four  lo  six  hours  .^flv^  lakintc  1 1^  Llicn  of  water  to  be  i,jcocx.: 
with  1 !-»  liters  of  3  per  cent,  alcohol,  he  awtagril  ijiao  c.c.;  willi  the  »aine  qntotityc' 
(i  percent,  alcohol  hcavcrascd  ;,ooac.c.of  urine  ThccQcct  wm  rdalivdj-gnatttv 
It  Ciwe  of  renal  insuITiclency  from  hyprrinnus  ■"  this  iljlIler«of  wUcr  gave  only  bijt-^ 
of  urine,  while  ihe  samt  quantity  o[  ^  percent.  alcL'hol  yicldrt)  i,6ooc,c. 

This  suegests  that  the  greater  diuretic  ocli<in  may  be  due  to  ■  diluot  (Sect  «B  ^ 
renal  ves5efs.  Morrnvrt,  alcohol  IrritalM  ihc  urinary  paMxi^  (and  U  Ihefefaiew*- 
IrdinJititlfd  in  (yslili-i  and  tirtlhrilts);  this  may  iocEease  the  desire  lo  mictunlc uul  n*^ 
the  diuretic  clfect  appear  grcntcr  thui  it  tcailyh.  "GiH,"  which  contunt  jiailpti.lv* 
more  direct  diuretic  effect,  from  the  rtnnl  irrilallan  firodiiccd  by  the  olL  b^ij* 
lo  show  more  than  (he  wstei-di  uresis,  un  the  oral  adminutration  ol  my  doMtCvv^ 
hoi  (Janui^kiewic;:,  1911).  (Intravenous  injection  would  oirot  the  nrinc  flo>,  •>"* 
other  hypotonic  soluliona.) 

Temperature. — The  ingestion  of  alcohol  causes  a  sensation  o(  wa/mlb. 
due  to  the  increased  blood  flow  lo  the  temperature-nerves  of  the  siamKi 
and  skin.  This  sen-sallon,  however,  is  deceptive;  for  this  iBao-**^ 
blood  flow  to  the  surface  and  the  diaphoreiis  increase  the  heat  left  * 
that  the  internal  temperature  tends  to  fall. 

With  small  dagics,  this  tendency  may  be  ovcttome  by  Uie  incic«Md  nmfwB'f't' 
pkticnt;  but  with  larger  do&e»  the  heat  loss  becomes  pronouDOtd  (Flkher,  >Oi''-'"'jJ 
exiKgcratcd  by  the  dcpresJant  action  on  the  tempenilurc-rt^attBg  centen.  TW  M 
of  teinper>tuTci>r.<prcially  ereal  if  ibc  external  temprraturvKCoU,  andalwif  tk^**' 
dlatlpttlon  wail  previuuily  'ow,  a«  in  fevers. 
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Use  of  Alcohol  In  Chills  and  Eiposiuw. — Tl  is  evident  that  this  would  be 
deliimcntal  during  ejiposurc  lo  culd;  the  temporary  relief  and  feeling  of 
warmth  is  obuiined  at  the  expense  of  an  increased  loss  of  heat,  and  con- 
sequently diminished  power  of  resistance.  But  if  taken  after  the  exposure, 
the  dilatation  of  the  cutaneous  vessels  favors  the  absorption  of  external 
heat,  and  also  prevents  the  tendency  to  congestion  of  internal  organs, 
and  thereby  the  tendency  to  "catch  cold." 

Influence  of  Alcohol  on  Digestion. — This  varies  with  the  quantity  and 
concentration;  with  the  state  of  the  digestive  functions;  with  the  habit* 
of  the  individual,  and  probably  also  with  the  flavor  and  ejttractives  of  the 
beverage.  In  general,  moderate  doses  act  as  "condiment"  or  stimulant 
to  digestion.  In  this  the  flavor  and  the  hj'pcremia  cooperate  lo  increase 
the  appetite,  the  flow  of  digestive  juices,  the  movements  of  the  stomach, 
and  absorption.    The  action  of  ferments  is  also  accelerated. 

Small  quantities  of  alcohol,  taken  with  meals,  therefore,  tend  to  have  a 
favorable  action  on  digestion.  If  digestion  is  perfectly  normal,  the»e 
effects  are  quite  superfluous;  the  utilization  of  food,  and  the  total  lime  of 
digestion,  is  scarcely  influenced  by  these  doses  of  alcohol.  In  pathological 
conditions,  however,  and  perhaps  in  overeating,  the  eflects  may  be  bene- 
ficial. The  best  results  would  usually  be  secured  with  wine.  The  alcohol 
should  not  be  taken  in  strength  greater  than  perhaps  20  per  cent:  even 
this  would  be  too  strong  did  it  remain  for  any  length  of  time;  but  it  is 
absorbed  so  rapidly  that  this  strength  would  very  soon  reach  the  favorable 
limit. 

Large  quantities  of  alcohol,  however — and  especially  when  in  concen- 
trated form  or  on  the  empty  stomach — produce  an  irritation  which  sur- 
passes the  ph>'sio]ogic  limit  and  interferes  with  the  functions.  This  is 
seen  most  markedly  in  the  habitual  use,  when  the  inflammatory  changes 
become  chronic,  and  extend  to  the  portal  system. 

Bunffr  Conlraclians. — These  are  inhibited  by  alcohol,  as  by  many  other  chemic  and 
nechamc  stimuli  (Cjtrlson,  11113). 

Eseiied  laUstint  oj  Rabbtl. — The  movements  ure  miunly  depressed  by  monovalcat 
alcohols;  very  dilute  solutions  produce  a  primarj'  stimuialion  (Kuno,  1014). 

Actioa  on  FeErmenta. — Since  nlcoho!  is  very  (cndlly  nbsorhcd,  and  no  great  nmount  of 
it  reaches  ihe  interline,  it  cun  only  inlluencc  the  fcrmeiil'*  of  the  slnm.arli,  anil  ils  action 
on  pcptin  is  atunc  of  piaclical  interest.  It  is  found  tliul  in  Dilrir—anil  tlierc  i^  no  reiisoa 
to  Mipposc  that  it  nets  any  differently  intra  pi'Wm — i  to  i  per  cent,  of  alcohol  intrea*e* 
the  rapidity  of  peptic  Jigeition.  Up  to  15  per  cent.,  it  causes  no  tirrccpliblc  retarda- 
iton.  With  15  10  iS  peT  cent.,  [he  dticestion  is  reduced  by  one-fourlh  lo  une-lhitil. 
With  10  iwt  cent.,  the  digestion  is  strongly  inhibited  (Chittenden,  Mendel,  and  Jackson, 
1S98). 

Been  and  wines  have  a  slightly  moie  unUvoralile  effect  on  account  of  ihe  eitractive 
matter  contnine<l  in  them. 

Secretion  ef  .Suiifa.— The  presence  of  alcohol,  strong  or  dilute,  in  the  mouth  incrcaneR 
reUcKly  the  amount  and  the  solids  of  the  saliva,  just  a«  do  many  other  sub«l«ne(»  (acetic 
acid,  ether,  etc.).  This  incrcajcd  secretion  does  not  take  phice  if  the  alcohol  is  intio- 
duce<l  directly  into  the  stomach  through  a  Tistiila  or  if  it  is  given  subcutaneounly. 

Secretion  of  Gastric  Juice. — Tiic  tguanlity,  the  (u-'idlly,  the  absolute  ou*nlity  of  (er- 
ment^,  and  the  total  wlids  (but  not  the  mucu»)  are  mmkedly  increased  [Chittenden, 
Slcndel  and  Jackson,  iHyS;  ('hiari,  191J).  The  increase  occurs  also  it  Ihc  local  action 
o(  the  aliohol  on  the  stomach  is  excluded,  3d  In  the  " I'awiow  stomach"  (ZJtowitwb, 
*<»os);  or  if  'he  alc»hai  is  placed  into  the  intestine  (Chittenden)  or  rectum  (KasI,  1006). 
With  oral  odnimiiLtrHiion.  In  man  a.'^  well  a»  In  animals,  the  fnvoiabic  eHect  obtalnn 
>irith  concentrations  up  lo  10  per  £ent.:  with  to  to  jo  per  cent.,  Ihe  mucus  is  increased, 
lu  well  u  the  juice.  AImvc  lo  per  cent.,  the  mucus  is  further  increased,  but  the  sccr»> 
ti<Hi  is  decreased. 

Ptuicre«tic  Julca. — Oixelt.  igo6,  claims  that  the  pancreatic  secretion  U  stimulated 
vrhra  alcohol  is  adminiilcrcd  by  mouth,  intestine,  or  subcutaecounly;  but  onlj'  if  the 
va^  are  intact. 
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Bile.^Saluit,  igoA,  found  that  iklcnhol  by  mouth  (but  Dot  Ininveaoudy)  i 
llw  fiow  of  bile  l>y  50  to  j;o  pel  c«ni  ;  the  solidi  air  hIm  iacTcMed.     Increased  I 
■ecKtion  was  Lootirmcd  for  Urge  dose,  by  Oknita,  iQis- 

Effect!  on  AbMrption.— Alcohol  itsrlf  U  rapidly  jiliBorbed  (ice  beloir). 

It  *l90  Increases  the  nbtorntion  of  other  i^ufitiaRcn;  under  ceiUua  cooditiOBi  (Rkn- 
•chndder.  Strychuin,  iqoo).  but  not  under  mme  other  conditions  (Rynn,  Suycbiii, 
jQii).  Btc<!Uct,  igii.  found  only  a  slight  dicct  on  the  ^Iric  sbaorption  of  *try^i^ 
Mlicylftte  •••!  iodid.  Tschekounow,  1914,  observod  no  IncreMC  (or  wcchsroM,  io& 
or  NaCl.  Huuctik  found  the  ubsor]>tiun  of  phenol  Knil  iodld  'li>ni»i«h^»|  faj-  jtradg 
nlcohol. 

Altohitl  intended  n  antidote  may  therefore  even  inrreosc  the  toxicity  oS  pottoau,  if 
both  are  taken  by  the  stomach,  and  this  b  not  evacuntcd. 

Use  of  Alcohol  in  Indigestion. — Alcotiol,  in  tht;  (orm  of  wine  or  diluted 
spirits,  taken  witli  meals,  is  clinically  of  value  in  some  forms,  and  harm- 
ful in  others.  The  precise  conditions  have  not  been  sufGdentlv  detincd. 
It  wotdd  be  useful  as  a  "  counterirritant "  in  functional  "colic'  and  ga^ 
tralgia,  and  harmful  in  the  presence  of  an  acute  gastritis.  In  chroux 
conditions,  good  results  might  be  expected  in  "adynamic  states,"  nhae 
the  circulation  or  tone  are  defective — in  the  course  or  convalescence  from 
fevers  or  exhausting  illness,  phthisis,  etc.  It  would  be  hannful  in  hj-pef- 
addity,  and  therefore  in  most  "  nervous  dyspepsias."  Certain  wines  be- 
come injurious  on  account  of  their  acidity.  The  tannin,  which  is  prescDl 
-particularly  in  red  wines,  may  be  detrimental  to  digestion,  but  \'aluabletn 
diarrhea.  Brandy  is  also  used  against  diarrhea.  This  probably  rest* 
upon  the  beneficial  efTccts  of  an  increased  circulation. 

Champagne  is  also  used  asan  antemetk.  Its  action  in  this  case  depends 
perhaps  more  on  the  carbon  dioxid  and  cold  and  on  tlie  psychical  effect, 
than  on  the  direct  action  of  the  alcohol. 

The  Absorption  of  Alcohol.— This  occurs  rapidly,  mainly  from  the  small 
intestine,  and  is  practically  independent  of  the  quantity. 

Chittenden.  Mendel  and  Jackson,  1S9S,  found  that  $0  c.c.  of  a  toper  cent,  tlcobd 
disappear  from  the  stomach  of  a  dog  in  lets  than  half  an  hour;  and  wito  the  dnodmui 
UsBtcd,  300  c.c  of  B  j7  per  cent,  aknhni  ore  completely  abwirhcd  from  the  (tonuci  >• 
tnrM  to  three  and  a  hall  hour«.  Vollmerinft,  igii,  found ab»orptico  pneticaUfcotB. 
pleted  in  an  hour.  Voetu  and  Dietrich,  1915,  found  the  abaorptloa  nuUeriolly  I*tt^ 
in  habituated  animals,  but  in  cither  case  piocticolly  completed  in  tws  and  carw 
hours.  Nctnser,  190;.  inve»Iigaled  the  relative  rile  of  Ikt  iuetesstm  ftfti^mt  o(  tke  lit 
mentary  tract  in  tlie  absorption  of  alcohol,  under  norrnol  coDditiani.  AdaiinisUiin(  » 
per  cent,  alcohol  to  dogs  with  fistula:  at  ditfcrent  levcli,  he  lindl  that  tbe  wnnut 
absorbed  at  each  level  depends  mainly  upon  the  time  durJnic  which  the  fluid  aatortly 
tujourni  at  this  level:  V'er>*  little  of  the  alcohol  is  therefore  absorbed  frocnllK  mMtk 
about  a  Aitb  from  the  stomach;  ver)-  litilc  from  the  duodenum;  the  gtfstcst  qMirtlT 
from  the  jejunum,  and  the  rcmaininK  lillh  ftora  the  ileum.  ^^ 

Hanzlik  and  Collins,  loij,  have  ntudied  the  abivrplion  from  intesf mmJ lo^f$ ih Entf 
animals.  It  vm  mlhcr  belter  from  the  colon  than  from  the  ulivmach  m  taalllBla' 
tinea;  the  length  of  the  loop  had  little  ln<1uence;  10  per  cent.  M>lulioiu  vcreabMih'B 
■lightly  better  than  stronger  or  weaker  concenlrationi-  The  intestinal  vaU  nUiBf  * 
certain  amount  of  alcohol  verj-  firmly,  thus  apparently  orrestiDg  its  obMirptionL  Vtrilfc 
Baudrcicl  and  Dietrich,  1912,  found  rather  similar  phenomena  tn  the  abMH^XilB  <■ 
alcohol  by  the  urinary  bUidder,  which  Is  fairly  extensive  (Nictoux  and  Nowicka,  191])- 

Excretion  of  Alcohol. — Only  a  very  small  proportion  of  the  in^lt*! 
alcohol  is  excreted  by  the  kidneys  and  lungs,  generally  less  than  j  percent., 
and  probably  never  more  than  roper  cent.  (Strassmann,  iS9i;BcnedioBiti. 
i8g6).     The  remainder  is  completely  oxidized  in  the  tissues. 

The  proportion  excreted  depends  upon  the  dose  and  other  conditioBi. 
It  is  greater  if  the  respiration  is  increased  as  by  muscular  work;  ot  3 
the  absorption  is  more  rapid,  as  when  the  alcohol  is  taken  on  an  toptjr 
stomach  (Voeltz,  Baudrexcl  and  Dietrich,  1911,  1912). 


CKofUieJ  ef  Eteff Hon. ^Thli  occurs  maJnIy  by  the  kidneys  and  liinm;  &  eiMll  amoimt 
Uexc(et«<I  und  ri^^bsorbed  fiom  Ihi-  urinary  bladder.  Tbc  pulmunary  tficKtiOD  IS fsirij 
coMtantj  that  by  the  uiinc  vn.rics  between  one  and  one-hiLll  and  i  j  per  cent.,  depending 
lar^el)-  on  tbc  sojourn  anil  re:ibM.>rpIioii  in  (be  bladder  (Micloux  and  Nowickii,  iQij)- 
The  mitk  tnav  contain  a  small  amount  iF  large  quantiiin  ate  bgestnl,  but  not  with  oiai- 
tuiry  dn^rs  (Rli nermann;  KoMcwijn,  igio;  Schottmueller  and  Schumm,  ii)i3).  The 
muimum  amount  wuuU.I  be  too  small  to  affect  suekUnK^  (V'ofUc  and  PaMhtcier.  iQtj). 
ll'a  itito  cxaeitd  iMo  the  errtbro-tpinal  Jlaid  (also  acetone  and  chlorofonn.  Hold.  iQti). 
This  has  been  proponed  as  a  test  for  nlcoholic  psycboaes  fSeliK,  loij;  Vork«*,tncr  and 
NcuF,  1013.  caution  aiiain^it  baity  conclusions).  It  is  iial  exciutvd  in  the  sweat  ur  fecn 
(riight  traces  by  intestinal  bops,  Ilaiullk  and  Collins.  (913). 

The  e«ri'lion5  do  not  contain  an  appreciable  iiniount  o(  acetone  or  other  Intermc- 
diale  dec ompoM lion  priitiutt5  fMasing.  1854). 

Percentage  of  Alcohol  in  Blood. — According  to  the  old  work  of  Schulinus,  1S66,  the 
blood  is^aid  tocoaiaiDO.i3  percent,  tn  the  stage  of  slight  confusion,  and  0.71  percent, 
in  deep  narcosis. 

According  to  Widmnrk,  :91s.  <hc  concentration,  in  man,  is  about  Ihc  lame  in  the 
blood  and  urine.  It  is  not  affected  by  the  comentrntion  in  which  the  alcohol  i>  admin- 
istered, but  il  is  highcf  if  the  alcohol  h  lakcn  f.istinn  thnii  uJicr  meuls. 

Eiisteace  of  Alcohol  in  Normal  Tissues. — A  Iriflin>;  quantity  ol  alcohol  appearn  to  be 

Croduced  in  the  litducs  in  Ihc  course  of  normal  melabolism.  Its  presence  was  claimed 
y  W.  H.  Ford,  iS;i,  and  confirmed  qualitatively  by  LaadsberR,  1004.  Iteturh,  ii>07, 
finds  that  fre^h  rabbit's  muscle  contains  to  0.0017  per  tent,  of  alcohol;  the  liver  may 
contain  0.01  to  0,14  per  cenl.  Vocllz  nnd  Dietrich.  1915,  recovered  sl  total  of  about 
0.1  c.c.  from  normal  dogs.  Dakin  believed  that  tbiH  "normal"  alcohol  Isnol  formed  in 
Ihe  tissues,  but  by  inlc^tinal  fermentation;  but  Taylor,  1911.  finils  it  even  after  the 
removal  of  the  enlire  digestive  tract.  Scliwcishcimer.  191  j,  claims  that  normal  human 
blood  contains  about  o.oj  per  cent,  of  akohol.  In  drunkards,  the  concentration  may 
ri«  to  »i  pet  nuUe  ;  but  after  the  ingestion  i>(  alcohol  the  eicess  disappears  more  rapidly 
(rofn  the  blood  of  dnmkards  than  from  non- habituated  individuals. 

Distribution  of  Ingested  Alcohol  in  Tis3ues.^\'oItmeting.  1911,  found  that  soon 
after  absorption  Ihe  ratio  iva^  blood  >  liver  >musclt>  brain.  Later,  the  brain  contained 
the  raiBt.  Fatty  tissue  was  slow  to  take  it  up.  but  retoined  il  longer.  Voeltz  and  Die- 
trich. (Oil.  found  jt  to  II  percent,  still  prewnt  in  Ihc  body  Mteen  hour« after  dowsof 
)  cc.  pet  kilogram;  3  to  4  per  cenl.  had  been  encretcd  by  the  respiration,  0.4  lo  4  per 
cent,  by  the  urine,  and  90  iier  cenl.  had  been  oxidiicd,  Messner,  19IJ,  could  not 
demonstrate  destruction  of  alcohol  by  emulsions  of  linuea.  or  by  blood  in  vilra. 

The  F«te  of  Alcohol  hi  the  Tissues;  £/«(  on  MciahoUxm.—OvKT  q8 
per  cent,  of  the  ingested  alcohol  disappears  in  the  body,  being  completely 
oxidized  to  carbon  dioxid  and  water  (Atwatcr  and  Benedict,  1903); 
probably  with  acetic  acid  as  an  intermediate  stage.  By  the  chemical 
energy  thus  liberated  (about  7  calories  for  i  Gm.  of  alcohol,  or  4  calories 
for  I  cc  of  whiskey)  alcohol  can  perfectly  replace  carlwtiydrates  and  fats  in 
the  diet,  and  is  a  typical  non-nitrogenous  food.  It  is  even  superior  to  most 
iilher  foods  in  one  particular,  viz.,  in  ihat  it  does  not  require  digestion. 
By  its  poisonous  side  actions,  however,  it  may  at  first  cause  an  increased 
nitrogen  cxciciion  in  individuals  not  accustomed  to  its  use;  but  this  action 
(li«appears  in  a  few  days,  and  it  then  saves  nUrogen  like  any  other  food. 

When  added  to  an  ordinary  diet,  the  C0|  excretion  and  the  output  of  heat  are  not 
malcrially  changed.  The  alcohol  Iherefoiewves  theolhrr  contliluentsof  thediet  from 
decompusilion,  and  the  body  showi  ■  correApondbiu  K^iu  in  wtiKht.  If  il  \s  added  to  a 
diet  deficient  in  carbohydratc»  or  fats,  the  mctabDlism  is  Ihe  same  as  if  an  iiodynamic 
quatity  of  these  foods  were  added.  It  spates  carbohydrates  in  man  even  when  laruo 
amounts  of  suxat  arc  supplied  (Toegel  and  coworkers,  1913).  Il  can  be  used  upinmus- 
cttlar  work  (Kricger.  1913).  In  dogs  tccdving  2  cc.  of  alcohol  per  kilogram,  this  lup- 
pUci  about  doper  cent,  of  iheenriKy  (Voetli  and  Dietrich,  1915).  (The  Ulctaturc  of 
thUubject  u  >uminariie<l  by  Rosemann.  1901,  rHueger'sAichiv,  86:307). 

By  obKrving  the  rcipirntory  quotient,  Iliggini,  1916,  showed  that  in  mnn,  with 
doMa  of  30  cc.  of  alcohol,  nppicclubie  qusniitic!  begin  to  be  burned  in  live  to  eleven 
arfnuKB  after  administration.  Sucro&e.  lactose  and  levuloie  gave  similar  results:  where* 
aaglacaM  and  maltose  began  to  be  oxidixed  only  after  twenty  to  thirty  minutet. 
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Tht  oxidation  of  alcohol  t*  completed  rather  Mowly;  with  i  c.c.  pc*  kUocnin,  it 
FMiuitFE  aliuut  eighlrcn  hours  (Vorlu  and  Dietrich,  iqij).  It  i*  not  m^XtaiaUy  baut 
in  habitual ril  individuals,  isdiiimcd  by  Pringthdm,  iqoS.  It  U  »»id  to  be  hMlencd  by 
(ever.  Increase  of  CI trmal  tcmperaluicissaidlolesiicn  itKoxidftlionuul  topranoUiU 
cxcrelioD  (thus  96  per  cent,  oxidized  at  t6°C.;9i  percent,  at  36";  VodUuidBaiulretri. 
1913). 

Effect  on  Nitrogen  Metabollam.— Mendel  und  Hilditdi,  1910,  bavc  iB<rc*tEt*icd 
the  effects  of  moderate  quantities  on  man  and  doK^.  Givinji,  in  nun,  ^lUnlilkB  cont- 
«IKindini;  logO  c.c.  0(93  percent,  alcohol  (  — ;oo  culnricij,  divided  into  nx  doMspetdi;, 
with  constant  diet,  Ihey  found  no  pronounced  ilisturlmncc  in  the  «liment»ry  uliBtatiM 
of  food  These  doses  spnrcd  protein;  the  partition  of  the  ufinarj'  nitrogen  wai  iu»- 
thangcd,  eicept  that  the  purin  excretion,  both  endogenous  and  eiogenouv  wuio- 
cieased.  Larger  doses  caused  a  loss  of  nitroKen  aaif «  relative  Incrcaae  of  ntfiuiy 
ammonia. 

Stehle,  i9i5,found  no  incrcaso  in  the  excretion  of  rnrloscnoui,  uric  acuL  W»ttT< 
ttein,  19141  claims  that  alcohol  incrruses  the  gas-raetalK'lijiin  of  the  M<inal  cord  of  pto~ 

Subacute  Atccdiolic  Intoxication.— Solan t  and  Hinlcel.  igio.  found  that  Ihis  CUied. 
in  well-fed  dogs,  a  moderate  diminution  ti  (lie  total  urinary  nitcoiten  and  nipbui;  a 
much  greater  dectejtic  of  the  inorganic  sulphates  and  phoiphates:  a  tendency  to  reten- 
tion of  chlorids;  a  ditninutioD  o(  iodican;  and  incrcaac  of  neutral  and  ethereal  nilpliui. 

FOOD-VALUE  OF  ALCOHOL 

Whilst  Ihere  can  be  no  doubt  that  alcohol  is  an  excellent  food,  in  the 
scn§c  of  being  a  source  of  energy,  other  factors  must  be  taken  into  coRxidcr- 
alion.  The  increased  nutrition  may  itself  be  detrimental  to  the  body, 
either  by  preventing  the  complete  combustion  of  metabolites  (which  in*y 
possibly  be  connected  with  the  origin  of  gout),  or  by  leading  toan  abixv- 
mal  deposition  of  fat.  A  stilt  more  potent  objection  to  considering  alco- 
hol as  a  generally  useful  food  lies  in  its  toxic  action,  especially  its  psychic*! 
effects.  Alcohol  should  therefore  be  employed  as  a  food  only  when  a  suffi- 
cient supply  of  energy  can  not  be  obtained  from  an  ordinary  diet;  as,  for 
instance,  in  digeslivf  dislurbances,  or  when  the  demands  on  the  orgamM 
are  unusually  large,  as  in  fever. 

The  proverbial  oScjiVy  of  persons  addicted  to  the  overuse  of  weak  alcoholic  Kqvlt 
(in  which  the  nutrient  effect  is  less  obscured  by  ihe  toiic  actioni),  b  a  ttiiking  3hBb»- 
tion  that  toil  good  a  nulrilion  is  noC  ni-cc;.9arLly  hcneticial.  That  aloobol  1bw*M  fbt 
oxidation  of  raelabolites  is  shown  by  an  incri^ised  extretieti  of  mrit  atU  «rf  mmhmi 
nitrogen  at  the  expense  of  urea  (Patnn  and  Eason,  iQoi;  Mendel  and  llJIditch,  tftv)- 
This  points  to  a  mtxlificatioo  of  the  (unctions  of  the  liver. 

Excessive  dotrs  of  alcohol  ntc  ulwai,-^  detrimental  to  nutrition,  lewening  both  aaiB- 
ilation  nnd  disossimibtion.     The  ellccts  resemble  Ihoic  of  the  ane«thetki. 

Alcohol  in  Diabetes  Mellitus.^.\lcoliot  may  be  cii>ecled  to  act  favorabtf  *).■* 
easily  di^cslible  food,  i^upplying  the  place  of  Ihe  su^r.  tuid  diminishing  the  eaca*i*t 
draft  on  proteins,  and  thus  leshcning  the  n\\.  of  aridosii.  Thii  cxpectnddo  batbMI 
verifinl:  llcnedict  and  F6r5k,  igo6,  found  that  iho  replacement  ol  Jo  tA  So  Ga  i' 
(ood-fat  by  isodynamic  iiuantities  of  alcohol  lemcned  the  excretion  ol  Rwar,  actW^ 
and  nitrogen.  O.  Neubauer,  \naf>,  also  reports  it  nh  ufiefuL  On  the  other  bandt  W 
gins,  Peuhody  and  Filx.  1916,  found  that  alcohol  did  not  prevent  addosl*  in  lisW 
persons  on  carbohydrate- free  diet. 

Excessive  quantities,  however,  can  not  be  expected  to  exert  t* 
favorable  action,  since  the  toxic  effects  will  prcdommatc,  Salant,  xtfA, 
fed  rabbits  on  alcohol  alone,  and  found  no  increase  of  kepaiic  ^yott"^ 
nor  did  large  doses  retard  the  disappearance  of  stored  gl^xogen. 

Use  of  Alcohol  in  Convalescence  and  Debility  as  an  "Analefiliei 
"Restorative"  or  "Stimulant."— The  value  of  alcohol  in  the^  condition* 
is  supported  by  long  experience.     Its  action  must  be  quite  complicairi. 
In  Ihe  absence  of  organic  lesions  a  great  deal  may  be  expected  from  in»' 
proving  the  symptoms.     This,  like  nursing  and  hygiene,  increases  tbetoia- 
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and  well-being  of  the  [iatient,  and  starts  him  on  the  way  U>  improve- 
ment. Akohol  meets  these  indications  in  an  excellent  manner:  The 
feeliag  of  well-being  caused  by  it,  the  senseof  capability,  the  removal  of 
worry,  Hie  enjoj-ment  in  the  act  of  taking  it,  the  rest  and  sleep  induced 
by  its  narcotic  action,  its  food-value  and  its  beneficial  eScci&  upon  diges- 
tion, all  concur  in  its  action.  To  this  may  be  added  its  slight  but  certain 
effects  upon  the  vascular  system— the  altered  distribution  of  blood,  the 
diminished  resistance  to  the  heart — which  may  be  of  benefit  in  some  cases. 
For  the^  purposes,  the  alcohol  should  be  taken  well-diluted,  as  light 
wines  or  beers. 

Use  of  Alcohol  in  Depressed  Psychical  States. — (Hypochondria,  Mel- 
ancholia, Neuralgia,  and  other  obscure  ncr%ous  diseases.)  This  relieves 
the  patient,  by  its  mild  narcotic  and  euphorisUc  action — ^but  the  temporary 
relief  is  generally  obtained  at  the  expense  of  a  permanent  alcohol  habit, 
and  is  therefore  not  to  be  advised. 

Use  of  Alcohol  as  a  Hypnotic. — Alcohol,  especially  in  the  form  of  beer, 
taken  at  night  and  in  the  absence  of  excitement,  is  a  fairly  efficient  hyp- 
notic, producing  less  derangement  than  most  other  hypnotics;  but  its  useful- 
ness is  limited  by  the  danger  of  chronic  alcoholism.  The  hypnotic  dosage 
corresponds  to  45  to  (jo  Gm.  of  alcohol. 

CONTRAOtDICATIONS  TO  ALCOHOL 

These  may  be  briefly  resummarized  as:  Danger  of  habit;  states  of 
excitement;  sthenic  stage  of  fevers;  irritation  of  the  alimentary  or  genito- 
urinary tract. 

ACUTE  ALCOHOL  POISOHHIG 

With  excessive  doses,  the  "stimulant  stage"  passes  progressively  into 
i  narcotic,  anesthetic,  and  paralytic  stages.  The  narcotic  stage  may  be 
"  to  exist  when  the  symptoms  otlessencd  psychic  activity  assume  promi- 
nence. Sensation  &nd  motion  become  impaired.  i'^swA  is  thick  and  mut- 
tering, the  gait  uncertain,  the  special  senses  are  blunted.  Drowsiness 
sets  in.  The  face,  which  was  flushed,  may  become  pale.  Vomiting  occurs. 
Consciousness  and  sensation  and  muscular  tone  arc  gradually  lost 
completely.    This  constitutes  the  anesthetic  stage. 

In  the  paral)rtic  stage  proper,  the  symptoms  are  those  0/  beginning 
mcduJlary  paralysis:  The  respiration  is  slow  and  stertorous;  the  pulse 
scarcely  discernible.  Skin  cold  and  cyanotic.  PupUs  generally  dilated. 
Jiefiexes  abolislicd.  The  temperature  falls  severely.  The  odor  of  the 
breath  i^  diagnostic. 

If  \-ery  latge  doses  have  been  taken  on  &n  empty  stomach,  these  para- 
lytic symptoms  may  set  in  at  once. 

DMih  U  relalively  rntc.  It  may  occur  within  half  an  hour,  or  the  coma  may  gro« 
drcpcr  uid  Icrminitlc  in  pitrsJy&is  of  the  icipiratinn  or  of  the  hentt,  or  in  pulmonary 
edema;  fcnrrally  within  IwcntV'fuur  hours.  If  llie  cuma  lft>ils  bcyonfl  ihirtMn  hours, 
recovery  b  exceptional.  Dcaih  may  also  occur  later,  cither  from  prolonged  coma;  or 
after  a  protrActed  debauch,  as  the  result  of  gastric  irritation  and  debilitation. 

Tbo  acute  (alal  dose  i^  utututblv  ^ftriabk'.  In  &tuJogy  with  aniniais,  it  would  ro- 
qiiire  about  a  pial  of  nliiaky;  and  coses  of  death  from  such  quantities  uc  recorded 
(L«win>. 

Recovery. — The  coma — if  the  intoxication  has  progressed  so  far — 
pasM.-s  into  natural  sleep,  often    with  sweating.     On  awakening  there 
I  follows  a  series  of  symptoms  pointing  mainly  to  acule  gastric  catarrh,  and 


554 


UANUAL  OF  PRABUACOLOGY 


perhaps  to  function^  neuritis;  and  grouped  By  the  Gcnnans  under  tie 
name  of  "Katzcnjammcr":  headache,  coated  tong;ue,  loss  of  appetiie.  irri- 
table stomach,  diarrhea,  muscular  pains,  etc.  These  show  cunous  and  un- 
explained peculiarities  for  the  various  alcoholic  liquids. 

The  Mn,  after  M;vctL'  alcobolic  puisontiu!.  nuy  show  effocts  tcMmbliag  thoM  •( 
contusicMii  at  bums:  cdcmn,  btixtcn,  cxtrDViuation  of  blood,  and  gugTcDC  BcdMIti 
arc  especially  commoD.  These  cScct«  may  perhaps  be  due  to  iojury  to  Uie  cafiflltiin, 
W  iw writes. 

The  treatment  of  acute  alcoholism  consists  in  e\-acuation  of  the  ston- 
acli  preferably  by  apomorphiii,  which  acts  also  as  a.  hypnotic;  and  the 
administration  of  stimulants,  caffein  or  strychnin.  The  subsequeat 
headache  and  nervousness  arc  met  by  bromids  and  calldn.  Sodiun 
bicarbonate  lessens  the  gastritis, 

THE  ANTAGOmSM  OF  ALCOHOL  AND  CAFFEIR 


fWtK 

1 


Tlus  has  been  studied  by  Pilcher,  1911,  on  catt.    Ttic  combination  of  wuU  dott*  d 
alcohol  and  caffein  result  in  an  antagoiuEtic  effect,  but  the  combination  of  lArgv  (bill- 
fatal)  doacs  results  in  greater  dcjiicssion  and  greater  fatality  tiuui  if  dthcr  drag 
used  alone.    Tlic  ordinary  do^s  of  caSeiii  would  lend  sumewlLat  to  ill  1  ll*M  llu 
coais  and  hasten  the  recover)-  from  »vere,  but  not  fatal  alcohol  poisacing.     WUk 
dOM3  of  alcohol  or<Unnry  doses  of  caffein  would  have  no  effect,  and  larsct  dOMS 
be  detrimental. 

THE  HAfirrUAL  BUT  UODERATE  USB  OF  ALCOHOL 

/(  may  be  considered  as  probable — some  atUhorities  to  the  contrary  noHtiilh 
standing — thai  a  certain  amount  of  okohol  [variable  in  individual  cases)  mty 
be  taken  daily  without  any  demonstrable  permanmlly  injurious  e^ed.  Bill 
it  stands  equally  certain  that  it  is  as  dispenaable  to  the  organtun  as  idoo- 
tin  or  caffein,  and  that  it  must  be  looked  upon  purely  as  a  luxury.  Tfce 
injury  done  by  such  use  of  alcohol  lies  chieBy  in  the  fact  that  it  is  so  apt 
to  lead  to  the  use  of  immoderate  amounts. 

Lessened  Resistance, — Perhaps  the  only  positive  evidence  <A  injury  from  ihiII 
doses  of  alcohol  is  in  thi.t  direction:  Hunt,  1907,  found  that  the  lon^-ooniunwd  sMri^ 
tration  of  »niall  ciuanlllics  of  alcohol  (o  mice  or  guinea  pigt  incrcues  tlietr  naocptibBV 
to  the  fatal  action  of  acclaniirilf.  Tliis  is  attributed  to  a  dcr&nKcmcot  of  BcUbolba 
which  hastens  the  decomposition  of  the  non-toik  nilrilc  into  tiic  cyuiid.  It  Ii  BOj 
produced  by  methyl  alcohol,  chloral,  etc,  Laitinef,  11J07,  ft!*o  claims  that  rtty  «■" 
doses  (o.i  c.c.  per  kilogram,  daily)  suffice  to  render  the  erythrocyte*  IcM  itriiUst  * 
hemolysis;  and  also  lessen  the  resistance  to  infectious  dJMaae*.  lie  iwrrli  lUtt  tb* 
lessened  vitality  h  transmitted  to  the  offspring. 

Mueller.  1904,  Wirpin,  1905.  and  others  hove  found  that  the /onsAlini  «^ aalMiB 
is  lessened,  if  rabbits  ate  kept  mildly  intoricated  for  wveral  d*)-*  aft«  Uw  iajK6»' 
an  antigen. 

For  human  subjects,  Rdch.  1915.  aim  claims  diminished  tesiMancc  o(  errthiee^ 
to  hypotonic  sotulions,  and  slight  decrease  of  the  bactericidal  action  of  tenunMU* 
typhoid  bacilli.  The  effects,  however,  varied  Kte-atly,  no  that  it  is  dif&cult  to  sdoM 
their  impottance.     Phagocytisis  was  nor  affected. 

CHRONIC  ALCOHOLISM 

The  excessive  habitual  use  of  alcohol  leads  to  cfFecU  which  nuy  I" 
grouped  together  under  the  name  of  chronic  alcoholism,  and  which  6<fet^ 
in  part  upon  the  irritant  action  of  the  alcohol,  in  jiart  upon  specific  inpn 
to  the  neurons. 

Gastro-intestinal  Irritation.— The  first  eSects  are  local,  and  depto* 
largely  upon  the  concentration  of  the  spirits.    They  consist  of  a  calARh 
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the  whole  alimentary  canal,  progrcsalnR  from  the  phar\'a\  downward. 
They  aic  chaiaclcrl^ied  by  the  usual  symploms  o[  catarrhal  jtaMroentcrilis: 
loss  of  appetite,  gastric  distress,  irregularity  of  stools,  craving  for  spices, 
etc.  The  chronic  catarrh  leads  to  malnuLrilion  and  emaciation  when 
strong  spirits  are  used.  It  also  appears  to  constitute  a  predisposing  factor 
to  carcinoma  of  these  organs.  In  the  case  of  excessive  beer-drinking  the 
habitual  overdistenlion  of  the  stomach  lead&  to  chronic  dilatation. 

Degenerative  Changes  in  Internal  Organs. — The  continued  presence 
of  alcohol  in  the  body  sets  up  a  series  of  Irritant  and  degenerative  phe- 
nomena in  various  other  organs  with  which,  it  comes  into  contact.  These 
changes  conast  in  fatty  infiltrations,  cellular  degenerations,  and  hj-per- 
trophy  of  connective  tissue. 

The  necrotic  changes  in  the  tissue  cells  mustbenluibutccilolhrcontinufcJirritiitiijn 
(fom  the  constant  pre*cncc  of  tlic  nlcoh.i!;  and  to  this  muBC  be  aiiJcrJ  llic  inierltr^ncc 
with  drculalloa  iloe  I»  the  chacRcs  which  alcohol  causes  in  the  blootl  \'c"cli.  Thex 
two — the  difcct  irrit&nt  action  of  alcohol  on  the  ccila,  and  the  impnireH  circulation — 
mn  inttp&rably  connected  in  the  production  of  the  degeiic  rut  ions.  Of  these,  the  fatty 
■je  the  most  common,  since  alcohol,  b^'  its  combustion,  pre^*cnt»  the  normal  consump- 
tion of  fat.  Connective- tissue  formation  results  as  the  ordinnQ'  coniicqucnce  of  nccni- 
sl»  of  the  p&rencbyma. 

These  changis  are  proportional  to  the  concentration  of  the  alcohol.  Since  thi«  is 
DAturallv  greatest  in  the  liver,  kidne\'S  and  blood  vesseUj  these  organ;;  *how  the  action 
first  an4  most  pfominently.  In  the  li\'er.  sgatn,  the  pcnphen,'  of  tile  lobule*  is  rnolnly 
aJTpcled,  on  account  of  the  anatomic  relntion  to  the  }Kirtal  vein.  Chronic  alcoholism 
is  probably  the  most  common  cause  of  hrpalk  firrhvsi'  (perhaps  half  the  coxes;  but  only 
S  or  6  per  cent,  of  the  alcoholics  develop  cirrhosis;  Baumgurtcn,  igoH), 

Hepatic  cirrhosis,  preceded  by  degeneration  of  the  livet-cells,  cnn  be  produced  ex- 
perimentally In  animals  (A.  L.  (irovcr,  1916,  literature).  It  is  claimed  that  the  dc- 
gencriillon  can  be  avoided  by  the  ad  minis  I  ration  of  ciine  suKar  (L.  UiU). 

Next  in  point  of  time  comes  the  action  on  Ihc  Mimd  vr«eU.  This  is  of  especial 
imnort,  f.incc  it  contribule*  malrtially  to  the  degcne  rations  in  other  organs.  The  princi- 
pal cluuiges  are  In  theinlimn;  there  are  tally  dcKenecations.lusa  of  elasticity  and  ather- 
oaia.*    These  may  lead  to  ruptures  (apoplciy,  etc.). 

The  degenerative  changes  in  the  kidneys  lead  to  nephritis,  vrith  clrrbosls,  albuiAl- 
ntlria,  diminished  secretion  of  urine,  secondarj-  weakening  of  the  heart,  etc.  The  heart 
itself,  however,  in  common  wilh  skeletal  muscle,  show*  primary  fatty  ile^cne ration. 
TWs,  loitethec  with  the  atheroma,  etc.,  leads  to  hypertrophy  »nd  ililaiation  of  ihe 

visCiUi  and  later  to  dropdirs,  etc.  The  heart  rnic  is  generally  riipitl.  The  fally  changes 
in  roluntarj-  muscle  lead  to  muscular  debility,  c-spccinlly  in  bcer-drinkcrs,  In  whom 
there  \»  more  material  for  fat  formation.  Gout  is  a.  common  sequence  of  moderate 
alcoholism. 

Ttie  re*pir*tar}'  organs  show  a  chronic  catarrhal  intlammarina  of  the  passages,  and 
a  di»podtion  to  fatal  pneumonia.  dMn^rs  In  Iht  skin — vascular  ecchj'moses,  acne 
rosacea,  disposition  to  lurunclea  and  carbunclen — may  be  counted  among  the  earlier 
■ctiont. 

KxperimmUil  chronic  akaholhm,  In  rabbits,  produced  fatty  changes  in  the  heart, 
liver  and  kidneys,  and  cellular  infiltration  ol  the  pia  (LL>fauer,  1913}.  Hepatic  changes 
occur  also  on  intravenous  injection  (Schaiir.  1913).  In  the  heart,  Otto,  15114,  found 
degenerations  of  gjngtion  cells,  airopliy  of  muscle,  and  !car  tissue.  Large  single  doses 
(4  ex.  per  kilogram)  may  also  cause uuingta.  Single  small  do&cs  do  not  Icaveany  lesions 
(».  Otto,  1914). 

These  various  anatomic  lesions  of  Impotianl  cujjans  re»uU  in  a  pronounced  lowering 
of  Um  "powers  of  resistunce,"  and  a  high  mortality  with  infectious  diseases,  operations, 
etc     It  appears  that  the  amount  of  antitoxic  complement  ii  lessened. 

Nervous  Phenomena. — Tliese  differ  from  the  preceding  in  that  they 
are  partly  functional. 

Ten  to  30  per  cent,  of  the  cases  of  insanity  are  atuibuted  directly  to 
alcoholism;  but  Heron,  1912,  found  the  proportion  of  mental  defects  as 

>  Aa  k  f«mlt  at  >d  «Unsive  ituily  uf  uitopiy  nwiariiit,  Colwt.  |»<M.  dlaaunc*  itith  Ihi  con* 
moa  opInMa  Ihat  •Icataolitm  is  a  cmtuc  □[  irWrioKlaniut. 
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high  in  Ihe  recent,  as  io  old  cases  of  alcoholism.     Epilepsy,  which  is^ 
hereditary  nervous  disease,  is  70  times  as  frequent  in  alcoholics  u  ]b 
the  general  popuhilion.     These  facts  indicate   that  alcoholism  b  the 
effect,  rather  than  the  cause,  of  mental  degeneration. 

On  the  part  of  the  motor  system  there  are  tremors  and  later  con^-uU 
sions  and  fmralyses,  the  latter  partly  the  result  of  peripheral  neuriUs. 

It  i<  difficult  to  exaggetate  the  importance  ot  habit  And  repeated  imprcMoau  oa  the 
pqrdiic  activities.  The  conalant  r«-prtition  of  the  tcaliirc*  c4  alcoholic  cxcns  CoA 
sot  but  produce  in  this  manner  a  permanent  murHl  citKcncraliun.  But  auodattd  nilk 
thb  functional  Feature  arc  morkcd  anatomic  changes,  due  to  the  Nunc  cau»n  u  timilv 
changes  in  other  orga'ns;  and,  lastly,  it  must  be  remembered  that  alcohol  hxt  K  tftdtc 
RClion  on  the  nerve  cells. 

.\mong  the  anatomic  lesions  which  have  been  obicrvcd  arc:  Chronic  meaiiiffdi 
with  thickening;  serous  cfTiision«  into  vcntrtclr«;  sollcnleit;  Inideocy  10  hemorThagn 
and  apopIc»y.  llisloEoKicaHy,  shrinkajje  and  alleralions  in  the  staining  propcrtia  et 
the  cells  (Fig-  is)  and  changes  in  ihn  dendritic  priKcsscB  have  becD  »%'crrcd. 

Ciinicatly,  the  first  elTci:t«  arc  »hown  by  Jlminisbed  activity  of  tl»  iodit-iitHL 
This  occurs  even  «-ilh  very  modcralc  doles,  (.Nice,  1911,  found  the  oclivit)'  of  abile 
mice,  OS  recorded  by  a  revolving  (.agr,  to  be  reduced  by  onc-foorth  throuui  chronic 
alcoholism.)  Later  there  is  a  dlmini^licd  acumen  of  the  special  MmesUMl  of  tkeRwoa- 
ing  powers,  leading,  the  former  to  di.iturti.incei  of  vision,  the  latter  to  degtMiac^  ud 
dementia,  often  suiddnl.  It  is  a  noteworthy  fact  that  by  far  the  icrcaler  proowtte 
of  inmates  of  insane  asylums  and  prisons  were  addicted  la  the  exc«at-e  use  of  dcolML 

Children  of  Alcoholic  Parents. — The  influence  of  alcoholism  of  the 
parents  on  their  offspring  is  still  an  unsolved  problem,  the  data  a  sdl 
as  opinions  being  so  contradictory  that  no  definite  conclusions  can  be 
drawn. 

Miss  Elde^ton  and  Karl  Pearson,  iota,  tn  a  statistical  study  coveting  ^,600  tcbol 
children,  could  5nd  no  rcnl  e\'idencc  of  ritfaer  physical  or  mental  detetioraljoa  (dtatk 
rate,  mean  weight  and  height,  general  health,  mental  and  visual  defects).  Tbey  con- 
clude that  the  danger  of  alcoholic  parents  lies  in  the  lranEmi»ion  of  the  hcreditai^  it" 
fects  which  cau^d  the  iiarental  alcoholism.  At  the  other  extreme,  von  Bunge,  toat, 
clidnu  that  chronic  ■slchoHim  on  titt  part  of  Ikefnlhcr  rcndcn  the  daughter  irtcapabk  of 
eflicient  lactation,  and  that  this  incapacity,  as  wc!l  as  a  tendency  to  Iub<-tculofis  ud  <• 
caries  of  the  tvcth  is  transmitted  to  subsequent  generations.  But  if  this  daflj;n  it 
really  as  great  as  it  is  painted,  it  is  dif&cult  to  account  for  Ihe  comparative  vigMtf 
populations  among  »hom  chronic  alcoholism  has  been  fairly  common  for  isaoycn- 
turies,  or  lor  the  fact  that  some  mothers  still  nuisi^  iheir  children. 

Bcrtholet,  1909,  finds  that  the  testicles  of  chronic  alcoholic*  generally  ihoir  linfif 
of  the  parenchyma,  and  increase  of  intcn.liiinl  tissue,  with  corrapoadiiuc  dccrMi 
and  abnorntalilics  of  the  ipetmaloioa.  Tliis  would  lead  to  more  or  less  unpMncK 
Ivanow,  \gii,  reports  that  the  addition  of  :  per  cent  alcohol  in  nrr«  ha*  practiaflr 
no  effect  on  the  motility  of  spermatozoa;  ij  per  cent,  hiis  little  eOrci;  with  ijp«ntt 
there  is  marli^d  impairment.  Contact  [or  thirty  minutes  with  toper  cent,  alcohol <!<■* 
not  hinder  their  fertilizing  action,  and  the  feti  ntc  normal.  Stockard,  >9t>,  fioditht 
chronic  aicohohsm,  Induced  in  guinea  pigs,  either  parent,  dlmlaLslwsfcrtiJily  and  dHS 
most  of  the  embrv'us  to  die  before  or  shortly  after  birth.  Tlie  oflsptinf  is  otta  d^- 
I  live,  sometimes  with  gross  deformities.  This  degenctation  i*  traumitted  for  a)  lev' 
I  three  gencfalions;  in  f*ct,  it  rather  increases  (101  *)■  StOck»rd  altofouod  (1909)  iW 
alcohol  and  other  anesthetics  cause  various  morphologic  delecta  ia  fish  cniniycclal 
this  of  course  is  a  very  different  matter.  Whitney,  t9i»,  found  that  cidtivallio <* 
rotifers  in  ?4  to  J^  per  cent,  alcohol  lessens  their  resiiMance  to  copper,  tlw  lO/iiT* 
creasing  with  successive  cultivations;  but  if  the  alcohol  was  witluuvwn,  tht  WflMl 
resistance  was  recovered  in  the  second  generation.  With  tbeae  ■"■"*»*?  therefore  th 
alcohol  has  no  direct  influence  on  thegerm-plat.cn.  With  female  idnOBS,  the  di9]r'*- 
halnlion  for  one  to  two  hours  of  nearly  paralytic  doses  of  slooDal,  for  tmi  to  few 
months,  reduced  Ihe  size  of  the  egg-j'Ollt  quite  materially  (Kiddle  and  BaMctU  iQi^S 

While  it  is  not  proven  that  ordinary  alcoholism  has  a  direct  inftixBR 
on  the  germ-plasm,  it  is  certain  that  the  embryo  is  exposed  lo  the  influence 
of  the  alcohol,  since  this  passes  readily  through  the  placenta,  and  eiisB 


:  concentration  in  the  fetal  blood  as  in  that  o(  the  mother 
(Nicloux,  1905).  This  may  be  supposed  to  cause  a  more  or  less  persis- 
tent  lowering  of  the  resistance,  and  account  for  Ihe  high  mortality  among 
the  diiliiren  of  alcoholics;  the  usually  poor  hygienic  surroundings  would 
contribute  to  this  result.  Moreover,  tne  children  will  inherit  tlie  degen- 
eracy which  induces  alcoholism  in  the  parents.  The  statistics  of  prisons 
and  asylums  indicate  a  tendency  to  psycnic  a.nd  moral  degeneracy  amongst 
dpoK  dacendants— epilepsy,  idiocy,  insanity,  disposition  to  crime  and  to 
Ucdlolism;  but  it  is  not  decided  whether  the  defective  inheritance  con- 
Fcems  a  degeneration  induced  in  the  parent  by  alcohol,  or  the  degcacrution 
underlying  the  abuse  of  alcohol.    The  latter  is  more  probable. 

Other  IhtOzijcaotS.^Akr>hoI  is  not  the  only  incmbcr  of  the  hydrncnrbon  Mries 

which  has  licen  abused  as  an  Itiloslcant.  Fthcr,  chloroform,  chlor»l,  naraldchyd  and 
even  luipcniinc  anrf  gnsolinc  havt-  tiicir  dcvotpfs.  Their  effects,  in  so  tar  as  they  have 
been  tliidicd,  rortwpond  closely  to  those  of  alcohol. 

Treatment  of  Chronic  Alcoholism. — This  follows  the  same  principles 
as  with  other  drug  habits.  The  first  essenlial  is  the  complete  withdrawal 
of  the  drug.  This  may  be  facilitated  by  scopolamin  (see  under  "Morphin 
Habit").  A  distaste  may  be  created  by  the  addition  of  some  nauseant 
(apomorpbin),  but  the  effect  of  this  deception  is  usually  not  lasting. 
Suggestion  may  he  very  useful.  The  local  action  of  the  alcohol  may  be 
replaced  by  cap^cum  or  ginger,  the  stimulation  by  beef-lea ;  the  depression 
may  be  met  by  caffein,  Ihe  insomnia  by  bromid.  The  prospects  of  cure 
tre  belter  than  with  morphin  or  cocain;l>ul  the  patients  will  often  relapse. 
Delirium  Tremens. — ^This  peculiar  manifestation  occurs  in  drunkards 
when  their  forces  are  unusually  weakened — by  extraordinary  excess,  or 
by  the  suppression  of  their  usual  allowance  of  alcohol:  by  absence  of  food; 
exposure;  overexertion;  trauma;  hemorrhage;  operations;  psychic  shock; 
or  in  any  serious  illness,  especially  in  pneumonia.  Premonitory  symptoms 
of  restlessness,  Iremor,  insomnia,  and  anorexia  last  usually  a  couple  of 
days.  They  pass  into  excessive  Iremor,  persistent  insomnia,  violent  and 
talkative  delirium  and  terrifying  specific  hallucinations  of  sight  (often 
Small  animaU),  touch,  and  sometimes  hearing.  It  usually  runs  its  course 
in  a  few  days,  ending  in  prolonged  sleep.  Acute  amblyopia  has  been  re- 
ported  (Kaiser,  lyia).  The  freafwwrn/ aims  to  support  the  strengtli  of  the 
patient  by  allaying  the  gastritis  and  giving  light  but  nourishing  food. 
'The  insomnia,  restlessness  and  excitement  should  be  treated  on  their 
first  a|>pearance,  by  moderate  doses  of  sedatives  and  hypnotics;  such  as 
bromid  (1  Gm.  every  one  to  four  hours);  chloral  at  night  (not  over  i  Gm.. 
since  large  doses  have  caused  death) ;  veronal  (iGm.);paraldehyd(3  Gm.); 
morphin;  or  scopolamin  (o.j  mg.).  Ergot  has  been  advocated,  and  the 
Statistical  study  of  Ransom,  1909,  seems  to  be  in  its  favor,  although  it  is 
not  conclusive. 

PcUchial  hcmnnhnges  in  the  gastric  mucosn  arc  very  cnmraon  leiiong  tn  nccrop* 
lte«  ai  ddirium  Ircmi'iis  puticnls.     They  cxM.  without  any  I'viiJcncc  u(  aeut«  lDBan>- 
,  and  must  bi-  due  to  a  direct  toxic  action  on  ihc^  vcsii^ts  [E.  1''.  Hirsch,  1916). 


^^oa.i 


PKCUIIARITIES  OF  ALCOHOLIC  BEVERAGES 


Common  ex[>ericnce  teaches  that  the  effects  of  the  various  alcoholic 
beverages  differ  in  minor  details.  These  differences  are  due  to  the  con- 
tentralion  of  the  alcohol,  extractive  matter,  and  to  the  presence  of  esters 
and  higher  alcohols.  However,  the  scientific  data  arc  scanty  and  un- 
satisfactory. 
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Beer  owes  its  marked  hypnotic  qualUies  to  the  lupulin  of  the  hops  as 
well  tts  to  the  alcohol.  Som«  wines  arc  also  hypnotic,  while  others— the 
majority — are  exalting.    The  diuretic  action  of  gin  is  largely  due  to  the 

Cfisejittal  oils  contained  in  it. 

Pariiall;^  fermeatcd  winei  produce  puticulnrly  ollen  a.  dlMurbancs  ol  tb*  «qdlb- 
rium  sometiiDM  seen  wilh  other  forms  of  ipiril — ^thc  individual  become*  "knee  drank,'' 
i.e.,  incugNihik'  of  maintaining  tlie  upright  position,  V'Cfutc  the  jiiLriJjnit  of  tht  maul 
lunctiona  bus  progressed  ta  a  Rreat  e.tlenl.  Absinthe  urodutM  MUndsstiotu 
finnlly  epilepsy.  The  Mcxicnn  drink  "pulque,"  produced  by  the  f ctmenlatioD  of 
Juice  u(  the  maguey  plant,  produces  an  alcoholic  iatoxication  in  ntJcfa  the  tlwu|ibt 

language  arc  low,  the  patieot  is  bwsterous  and  quanebame,  and,  it  Is  said, 

unhappy. 

The  Stronger  Spirits  contain,  besides  alcohol,  substances  which  may 
pharmacologically  be  divided  into  two  groups:  the  "ocnanthic  ethers 
that  give  tite  bouquet  (flavor),  which  add  lo  the  stimulation  and  ha%'e  no 
other  marked  action;  and  those  that  have  a  ddcleriotis  cETccL  TV 
latter — which  are  commonly  called  impurities — are  largely  destroyed  by 
age.    The  most  abundant  is  amyl  alcohol  ((usel  oil). 

The  action  of  these  "impurities"  as  far  as  studied  is,  upon  the  wholr, 
^milar  (o  that  of  alcohol  itself,  but  more  toxic  However,  the  whole 
subject  is  in  dispute.     (The  literature  is  abstracted  by  R,  I'ocrstcr,  1910,) 

Friedenwatd,  191 1,  found  that,  with  InltavenousiDJectloos  Into  rabbits  the  tOiUy 
of  alcoholic  li(|Uon,  wices  and  beers  was  higher  than  would  corropond  to  tbttr  afctM 
content.  The  small  value  of  these  results  h  ilhislr.klcd  by  (he  tact  that  tbty  ^mit 
place  the  toiictly  of  pure  10  pM  cent,  alcohol  considerably  above  that  at  jS  pttccal. 

The  aldehf  ds  have  a  stronely  irritant  action  on  mucous  mcmbrBnc — as  thanhr 
(otmaldi'hyd  or  acrolein  (allyl-aldchyd — the  vapor*  of  overheated  fatty  oil).  PMfoni 
which  was  f  urtncriy  believed  to  niodLiv  the  intoxication,  docs  not  appeal  to  do  so.  Ltifrt 
doses  arc  eonvulsant  (Lsborde,  1888). 

Artiflcisl  liquora  are  made  by  the  admixture  of  ethers  and  eisential  ojla  to  akaboL 
Their  action  is  not  unifoim,  but  it  isgcDcrBlly  believed  to  be  RiorcirritatingkKaljrtial 
more  injurious  to  the  brain. 

PREPARATIONS — AIjCOQOt 

Alcakal  Drhydr.uum  (Akohol  Dchyd,\  U.S.P.;  AJaihol  Abs^tamii  (Alcohol  .KbidX 
B.P. — Not  less  than  go  per  cent,  by  weight  of  CiHiOH.    Very  hrgroscapic. 

'Alcohol.  U.S.P.;  Spiritiis  Rtilificatus  (Sp.  Rectit.),  B.P.— Not  lea*  thut  9».j  J« 
cent,  by  weight,  94. g  per  cent,  by  volume,  U.S.P.j  90  per  cent,  by  valiinic>  BJ*^ 
C|H(OH.  Colorless,  volatile  liquid,  of  characteristic  odor  and  burning  taste.  FMT 
iniadbic  with  water,  ether,  chloroform,  etc. 

DitiUion. — Since  a  condensation  occurs  on  mixing  alcohol  and  water,  the  petuaUte 
of  the  resulting  pniduct  can  not  be  deduced  by  the  formula  per  cent.  +  (V  +  V).^^ 

Talileifor  making  thi- commonly  nei^dcd  percentage*  by  Ihedilutlon  front  iheodM 
alcohols  are  given  in  the  I'.S.P.  fpa^e  s^i)  and  li.l'.  ^agt>  363  and  330). 

Akohol  Dilulum  (.VIcohol  Dil.),  Cs.P. — .\  mixture  of  C4iual  volumes  ct  ofciil 
alcohol  and  water,  containing  41  l0  4ipercent-by  weight  or  1101048.  s  to  49.5  pffcvt- 
by  volume  of  CglliOH. 

'DhlUkd  Spirils.— These  bdudc  whisky  (Spir.  Frninmli),  ditliUcd  fnn  Ik  •" 
of  fermented  grain  and  aycd  tor  at  least  two  year*;  44  to  5J  prTCcnLof  akthritT 
volume;  •iverage dose,  ijcc,  45.  Br-iiuiy  or  Cognac  {Spir.  Ctfit  (>d/Jiff),san(plS0^ 
Of  about  the  same  strength  arc  the  other  spirits,  which  ore  les>  used  in  mcdi^K,  M- 
land  Gin,  distilled  over  junicKT  lierrics;  Common  Uin,  often  contalnini  mpMte; 
Rum  from  molas^-s;  .Arratk  from  rice,  etc. 

Mi'liirit  Spirilu.i  Vtni  GoUlci. — Four  ounces  each  of  brandy  aad  ■•"■*""'™  "iK 
two  yolks  of  eggs,  and  i4  ounce  of  eu^at. 

WniES 

These  arc  made  by  fermenting  the  expressed  juke  (most)  of  the  frape.  U  thbcM- 
tains  the  skinfi  of  dark  grapes,  the  wine  will  be  red;  if  made  from  l^ht  gnpea,ertn* 
the  juice  of  dark  grapes  without  skjos,  it  is  "  white,"  i.t.,  an  amber  colof . 
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A  miK  wUcIi  cODbuni  mach  Blcohol  (15  to  10  per  cent.]  U  "generous";  one  poor  In 
alwhol,  "Unht";  one  conUimng  much  augnr,  "»vrn:l";  poor  In  suj^ur,  "dry.''    If  it 
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Alcohol 
Prr  Cml.  PerCeiH. 


WeiKlll 


Volume 


15  to  tg         18  to  Ij 


Sto  14 

to  to  17 

8  to  10 

to  to  13 

11 

tS 

to  to  tl 

13  to  ts 

conbuns  CO»,  it  is  "sparkling";  if  Unnin,  "rough"  or  "sstrinjEent";  If  acid  lartfutri, 
"adduloiu."  The  last  two  iogtcdicDts  will  iDl«rf«ii'  with  digcttion  if  the  wine  it 
babituAlIy  uaed. 

The  moit  impoitiuit  wines  arc: 
Shtrry  {V\n\tm  Xriicum):  Doric  amber,  dry,  little  adil- 
tty  {Madtira,  Miirsola,  Tokay,  Malaga,  are  sirnilftr, 

but  morcBweet) ...-,,  . 

Port  (Vinum  Portense):  Deepputrple,  rather  sweet  and 

rough _ 

Gtond  (Bordeaux):  Red, dry,  wf th  somedtgroeof  acid- 
ity aad  aatringcncy 

Ckampapit:  Pili:  amber,  iwcci,  sparkline 

Hoctiuu  itosfllt:  Pale  amber,  dry,  slightly  acid 

Catcicba;  Amber,  dry,  rather  fteid  (or  sweet) 

Unfcrmcntod  Crape  Juice  (i.<.,  must,  preaervod  by  heating  or  an  antixptic)  C4ii 
scarcely  be  considered  a  medidBal  agent. 
Other  Fermented  Liquors ; ' 
From  Avple:  CiJrr,  1 

From  I'tir:  Prrry,     |  5  to  to  per  cent,  (by  weight). 
From  other  fruits,     J 
Jfolt  Luiih'rs. — These  contain  alcohol,  COi,  sugar,  and  usually  hops.    The  color 
wks  front  pale  amber  to  dork  bronn,  the  difference  bang  due  mainly  tu  charring  of  the 
mtlt.    Lager  beer  is  made  by  slow  fermentation  at  a  low  tcni]>crature;  porter,  ale,  and 
Stout  b^  rapid  fermenlation  at  s  higher  heat. 
Thar  alcoholic  strength  is  as  follows: 

Alf,  P«tier,  Sioai,  and  Export  Bert j  to  6  per  cent.  1  , ..  „,_-„v.. 

Later  Beer j  to  3  per  cent.  /  ^'^  "^'BOl- 

By  fermenting  milk,  a  pleasant  alcoholic  liquid,  "Kumist,"  con  be  obtained,  which 
Moulns  to  3  per  cent,  of  alcohol. 

HIGHER  ALCOHOLS 

In  acute  inloncation,  the  toxicity  of  the  alcohols  increases  with  the  size  of  the  mole* 
col^  OS  shown  in  the  following  tnblc  (Itaer) : 


Methyl,  CH,OH 

Ethyl,  CiH,OH 

Propyl,  CIIiOH 

Butyl,  CHtOH 

Amyl.CiHuOU , 


Boiling-point    Relative  toiiell]> 


650 

0.8 

;8.s 

1.0 

98.0 

a.o 

107.0 

3-0 

131 .0 

4-0 

I 

■        Thin  (Richardson's  law)  applies  aim  to  the  individual  tissues;  aensory  and  motor 
■nerves,  cflinted  epithelium,  muscle,  ova,  heart  I^Kuno,  1913). 

It  Ik  ouitc  coni-civable  that  the  late  actions  may  differ  more  markedly  from  thotc 
of  etbyi  Blcohal;  as  they  do,/.t.,  in  the  ca^e  of  methyl  alcohoL 

ISO-AMTL  ALCOHOL 

Tbie  main  constituent  of  "  fiuel-oil,"  is  more  violent  than  elhyl  olrohol  in  its  acute 
>Dd  aubacute  actions  (Salant,  1909)  and  the  after-cUccts  ore  more  pronounced;  but  Its 
adn^tnrc  up  to  i  per  cent,  produces  very  little  difference  in  acute  alcoholic  intoxica- 
^tloa  (Bttr,  iSoS). 

METHYL  ALCOHOL 

General  Statement. — The  cxtensjvc  use  of  this  substance  (Wood  Alco- 
hol, Columbian  Spirits)  in  the  arts  (as  a,  combu.*iibIe,  solvent  for  aheilac, 

I  etc.)  and  as  an  adulterant  of  alcoholic  beverages  and  medicines  has  given 
me  10  numerous  cases  of  poisoning.    Tlie  acute  symptoms  resemble 

[ordinary  alcoholic  intoxication.     The  main  differences  are  in  the  stronger 
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local  irritation  iind  in  the  more  protracted  and  more  serious  aftei 
the  coma  lasting  several  days  and  often  terminating  in  death.    A  vdT 
imporUiiU  fciUurc  is  the  frequent  occurrence  of  incurable  blindness  iKioi 
retrobulbar  neurilis  and  retinitis.    This  may  occur  after  taking  lOCC 
but    [he   individual  susceptibility  varies  greatly.     The  effects  art  pro- 
duced hy  the  purest  samples,  and  arc  therefore  due  chiefly  to  the  mahyi 
alcohol  Itself,  although  they  may  be  exaggerated  by  the  impuritJct  (»cc- 
tonc,  etc.)  which  arc  usually  present.     Methyl  alcohol  should  new  be 
applied  to  the  body,  externally  or  internally.     Its  presence  in  foodi  »nd 
drugs  is  properly  prohibited  l>y  law.     Protection  against  the  inhalfttMO  of 
its  vapors  should  be  enforced  in  the  trades.    The  treatment  ol  poisffling 
by  methyl  alcohol   includes  evacuation,  stimulants,  heat;  and  ffloci^ 
to  allay  suffering. 

Etiolo^.—ltic  praciicaJ  scriotuDcu  o(  methyl  alcohol  poiMDlog  b  UiMnud  Vt  ^ 
fkct  that  SuUci  anil  Wood  (ound  i^j  cnsesnf  blindncu  aiid  iii  deatluncMdrftalo 
1904,  although  the  cxitirnn-  of  ihc  ilfingtr  liitl  only  bc«n  rocmily  rccocmMd.  A  «Mv- 
>w  p«^iUnK  occurred  among  ihc  inmM»  of  a  BcrUn  muiikiF>al  Mcnic  hMMfSuW' 
mann  and  hfagnui  Levy,  iquj  Review  of  »rrics  o(  paper*,  YettT  Booc.  An.  Ftu*- 
Awoc..  1913,  1:  j04't6;;  Iltt^kl;r^'ille,  iqij,  has  ab&irsctrd  ihecucala  the  iimlRtf- 
About  Si  million  gaUon*  are  produced  annuaUv,  and  a  miUion  people  are  MfV^  " 
trades  where  it  U  employed  (Wllbcrl,  IQ15).  Adultcralnd  cologne  and  bay  W,*^ 
have  often  proved  toxic  when  u-wd  exlcrnally.  The  vapor  of  methyl  aioM  ixtnM 
ii  diDgerous  if  ventiUtion  is  intuflicicnt  (recent  Bibliography,  J.A.MA,  <^ 
60 :  t;i37).  The  tnhalallon  h  aUo  highly  toxic  to  anitnaU,  the  cffccti  agmiig  "h* 
Ihnse  In  man  (IV^on  and  Schuenberg,  ii)n).  ConiideraUc  abaorplloo  otcun  ■"■ 
the  air  cantainj  o.»  per  cent,  (A.  Loewj-  and  Heide.  1914).  ,   . 

General  SjnntMna. — These  twgin  wilh  eMlrt^-inUilitut}  diiliuiomt*,  •bd****' 
pain,  Kcnrriil  wcaxneM,  nauiea,  vomiting.  veniKo,  hra'tarhe.  The  symploiMol  c*^ 
narj-  aUehoUc  intaxkalien  supervene,  wtUi  delirium,  rwllcsineis,  imcocicioiutiW*  ^ 
lapse  and  cuTna.  The  pupUi  are  asually  dQatcd  and  itrr^ponHvc;  Dystagna  ^.y 
present.  Pyipata  and  c)*anosi»are  marked.  The  (emprratuic  U  subaonnaL  0*'*!' 
vcT}-  much  more  frequent  than  with  cthy]  alcohol.  It  occnn  in  coma,  [ran  atfinK^ 
pfiraly!.i6.  In  a  (cw  hours  la  three  da\-i.  The/ofJifiueia  neobabty  from  >W"i?,^ 
The  fostmottem  lesioni  show  irntuiion  of  the  atomach,  doodenum,  Udnejfs  aaJ  *••*■ 
der.     Continued  ute  IcAdi  to  fnlty  degeneration  of  tbe  liver. 

Lat«  Symptoms.— Somedmea  the  symptoms  arc  dcrcrrcd  for  several  dartio^t** 
prove  rapidly  fatzL  Delirium  may  «ct  in  after  tbe  acote  ftymptoois  have  W**' 
Cji^titi*  It  a  frequent  KequcL    The  most  important  sequel,  however,  u  the:  . 

Optic  Injury.-  The  symptoms  arc  bnaieral  and  codsIsI  Id  scotoma^  dtniMn  v '~ 
blindncu;  the  pupis  are  dilated  and  iniCDiitive  to  liiht.  TbeloBolvBdoomiJ'**''? 
a  few  hours,  or  be  <Ielaycd  MVernI  d>)>;  it  generally  become*  complete;  suhanp"*^ 
(here  is  iome  improvement,  which  in  most  cases,  howM'er,  finally  r«tapM(  itM  w^ 
bUndneu  (Buller  and  Wood.  19**;  other  reports  summarized  by  Woods,  iflijl.  •** 
anatomic  changes  consist  chiefly  in  h^-jicremiA  and  odema  of  the  tundua  and  douv'^ 
Inflammation  of  the  optic  nerve  or  retinal  elements  or  both,  foUomd  by  ibdrswfg 
(T>-»on  and  Sthocnbet?,  1914).  The  effective  dose  varies  greatly:  10  ex.  tasWy 
blindneu  in  some  caw*  while  90  c.c.  has  failed  to  do  SO  in  Otbcn.  PmnaiKSl  "f*^ 
ment  of  vision  occun  in  somcthSnit  like  half  of  all  casta  of  poboning  Qm  *'|^'^ 
amblyopias,  see  "Nicotln").  The  patholo^c  diaiiges  in  rabbits  are  descrfM 'f 
Kasavi.  1913. 

The  eauM  ef  the  peculiaritlcG  of  methyl  alcohol  polsoclog  has  not  ben  i*"^ 
lorily  explained.  In  anitnais,  tbe  acute  toxicity  of  methyl  atcobol  is  abotit  ■0PB*T| 
lc»  ihoD  that  of  ethyl  nloobol  (also  for  rotifcn.  Whitney,  191a),  but  ibc  wbactl* t^ 
Ity  is  narlcetlly  gt«a(cr.  The  t>'mpIoms  develop  more  slowly-,  even  on  l^f^'^lj, 
adi^iaIstratioD,aad  are  much  more  protracted:  Wliile  the  ethyl  alcohol  coaaitf''''' 
six  to  lorcnty-four  hours,  that  of  methyl  alcohol  lasts  three  to  lonr  days.  ^'IT 
tracted  action  loads  to  cumulative  effects:  Pohl,  iSqj-,  Rdd  Hunt,  looi;  and  1-**f*^ 
i<)it,  found  that  the  daily  repetition  of  mblcthal  dotes  b  more  fatal  with  lo'ih'^ 
with  ethyl  alcohol.  Birch  flirschfcld  demonstrated  a  similar  cttmulatlvc  •cli*'" 
monkeys.    "TEpplins"  has  also  been  found  especially  dangerous  in  man.  ^ 

Bxcntfoa  and  Fate.— The  protracted  and  cumuUlive  action  U  connected  «I''2 
■low  excretion.  \'oclti  and  Dietrich,  iqi  a,  found  after  1  c.c.  per  ktlograni  ihaldi^*^ 
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hysftbout  91  per  cent,  were  excreted  uachuig«d  by  theluogs.  3  percent,  by  the  urin«, 
ha  [tcr  <cnt.  had  been  burned,  and  37  per  cent,  were  tiill  in  tlir  linuci.  Nicbux  •nd 
fUc«i,  iv>  I;  found  It  present  in  the  blood  and  brain  after  live  days.  This  would  eiplnin 
the  cumulation:  but  tncrc  tony  he  on  ndilitiimal  factor:  While  ethyl  alcohol  is  oiiiliictl 
completely  to  COi  nod  fItO,  wrthyl  akoltol  Is  oiddlxcd  inMoly  to  formic  acid  (Pobl, 
1893).  This  ii  e.tcrclrd  rapidly  bv  the  urine,  but  pvw  ri»e  to  acidosis  (incrcoMcl 
Binntnnia  excretion,  KiAL  191  j).  and  this  mav  be  rciponsibic  for  part  of  the  symptoms. 

V.  t'rIleii1>t-tK.  luii.  claina  ihst  mclliyl  alcohol  \h  ri-adi1y  formed  from  the  pertin  of 
frait  and  vesctablcs,  pectin  vielding  from  9  to  t  j  per  cent-  of  methyl  alcohoL  He 
a«tert»  Ihil  this  i&  not  harmful,  hcine  pincttciuK' coitiplctcly  humed  in  ilir  body;  wherriia 
if  the  mrlhyl  is  miml  with  tlhyl  nkuhul,  as  in  ll(|Uor5,  the  combustion  is  inctimpkle, 
and  liarm  results  from  relatively  small  doses.     Cunfiimation  should  be  awaited. 

Impitfitjes. — The  be<.l  i:i>iiimcrcittl  wood  spirit  contain*  nhimt  <js  per  cent .  of  methyl 
alcohol;  the  common  varieties  75  to  90  pf  r  cent.;  some  Kamplci  only  3  j  to  40  per  cent. 
The  impurities  consist  of  acetone,  mcthj'l  acetate,  ally!  alcohol,  aldehyd,  empyrrumatic 

Kroducis,  etc.  ({latkerv'llle,  igij).  It  has  been  suggested  that  Ihc'tc  are  respunslble 
»r  the  peculiar  loiicity  {Mueller,  :oio;  Kobert,  iQto).  However,  most  inveitijator* 
have  found  no  e^^enlial  <liflercncc  between  the  ordinary  and  the  purest  oblnioBhle 
articles  (Hunt.  1001;  Buller  and  Wood,  iQoi;  Ahreiids,  luio);  nor  doaity  of  the  impu- 
rities produce  the  characteristic  effects  (Baskerville.  1Q13). 

ACETOKE  (DIMETHYL-KETOire) 

Acetone,  U.S.P.,  CBi'CO'CHi,  is  used  as  a.  solvent  for  fata,  resins,  rubber,  etc; 
and  for  the  preptrAtleiL  of  olcoicsios.  It  is  a  rather  feeble  narcotic,  causing  con- 
siderable dyspnea  {Alhcrtoni.  1884).  Hypodermically  (guinea  piRsl  it  is  much  more 
loiic  Ihan  melhyl  alcohol  (Rhnmy,  1912).  It  is  eierctcd  mnioly  by  Ihe  lungs.  The 
urinary  excretion  in  fasting  dogs  is  diminished  by  catJcin  and  cocuin  (Cervcllu  and 
Gjrgenii,  1914). 

DENATURED  ALCOHOL 

Alcohol  for  industrial  uses  Is  mixed  with  various  nauseous  substances,  to  unfit  it  for 
consumption,  and  thus  srcurr  exemption  from  the  internal  revenue  l&i.  The  standard 
formulae  contain  8j  to  95  per  cent,  of  jsrain  alcohol,  I  to  10  per  cent,  of  wood  alcohol, 
and  H  per  cent,  of  bena^inc  or  of  pyridin  bases.  A  lew  other  formulas  are  authorlxcd 
for  SMclal  technical  purposes. 

Pouoning  by  denatured  alcohol  (containing  i  per  cent,  of  wood  alcohol)  ha* 
become  quite  common  in  Ku^la  since  the  prohibition  of  grain  alcohol-  Visual  di*- 
urdeiv  occur,  generally  after  three  to  four  monttib,  or  with  large  doses  (Eleunskaia. 
'9"*)-  

ETHER  AND  CHLOROFORM  GROUP 

General  Statement. — Ether,  thloroform  and  other  volatile  hydro- 
carlxms  .'ire  employed  mainly  for  producing  surgical  aneslhcsia.  They 
depress  successively  the  psychic  centers,  then  probably  the  b.isa!  ganglia 
and  cerebellum;  then  ilic  spinal  reflexes,  first  the  sensory,  and  then  the 
motor  functions  of  the  cord,  probably  from  below  upw;ir(l;  and  finally  the 
medullary  centers.  The  most  highly  evolved  functions  are  affected  first. 
Chloroform  also  has  a  direct  depressant  effect  on  Ihe  cardiac  muscle  and 
is  generally  more  dangerous.    Locally,  they  act  as  irritants. 

Discovery  of  Surgic&l  Anesthesia. — The  use  of  narcotics  for  Ics-scning 
the  pain  of  operations  dates  back  lo  antiquity;  however,  the  discovery  of 
the  means  to  achieve  complete  and  safe  anesthesia  is  an  accomplishment 
of  Ihe  nineteenth  Century  (1S41  lo  1847).  Tlie  credit  for  this  discovery 
must  be  divided  between  several  investigators:  Humphrey  Davy  for  the 
definite  suggestion;  C.  W.  Long  for  the  independent  discovery  but  inade- 
quate publication  of  ether  anesthesia;  Horace  Wells  for  the  successful 
use  and  publication  of  nitrous  oxid ;  Jackson  and  Morton  for  the  successful 
public  demonstration  of  ctlierization;  Flourens  and  Simpson  for  the  intrcK 
duciion  of  chloroform. 
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The  Kgyptuuw  probably  employed  nntcoti«.  The  Atsyrions  ut  «ud  to  hM*e 
■Innglcd  the  children  before  drcumiision.  producing  uneslhaw  by  the  aid  ol  C0». 
This  method  wns  revived  by  \''itlvcrdi  b  Italy  cAtly  io  the  MTcnteentb  cvntuiy.  The 
Cliinc^i'  used  hashlih.  All  kinds  oF  nurtutics  wire  givva  dur!n|(  ihr  middle  t^  "P^ 
dally  opium  and  drugs  contiiniac  hyoicin  (such  »«  the  Icgcnduy  "mandr^te,  Mi»- 
dragora  othcinnlis).  The  recent  SconolMiiiin-Morphin-AneatlieUft"  is  an  iDlcmtiog 
reversion  lu  this  ancient  methud,  wliich  beciune  obsolete  vhea  tlie  vastly  superior  in- 
hftlntian  anesthesia  was  discovered. 

Sir  Hurnphrey  Davy  in  171^0  nnnounced  the  aoc^tbetic  pro^erttct  of  nitrous  ond 
(laoghinit  nai)  and  suKcested:  "As  nitious  oxyd.  in  its  extensive  operstion,  ■ppnn 
CkpiiDle  of  destroying  ph>-!Jcal  pnin,  h  may  probably  be  uwd  vith  advantage  dunng 
aurgicnl  r>iier;itii)nfc  in  whirli  no  greiit  elTiisioii  of  blood  takti  place."  Coforttmaldy, 
the  EugKeslion  was  not  uclecl  upon  3t  tbe  lime. 

Dr.  Crawford  W.  i^nj;,  of  Jetfcrson,  Go.,  administered  ether  at  a  (allied  anesthetic 
in  1841,  but  neglected  the  aiJctiuate  publicalion  ol  his  diicoverj-. 

Dr.  Horace  Wells,  a.  dentist  ol  Itartfurd.  Conn.,  witiieucd  an  exhibttioa  oJ  "laotb- 
ina  gm"  in  a  public  lecture  by  Colton  in  December,  1S44.  He  noticed  that  one  of  tbe 
subjects  was  insensible  Io  pnmi  aciinn  on  this  hint,  he  had  a  tooth  extracted  under  ba 
influence  on  the  next  day.  The  operation  was  a  complete  sueceM.  Ue  Introduced  Ik 
gas  into  general  dental  practice  in  Hntlford,  and  gave  the  matter  wide  publicity^  witk> 
out  reservation.  The  intoiicsnt  action  (>(  ether  bcinn  well  known,  be  tried  tJitt  with 
Dr.  Marcy  o(  New  York,  early  in  tS45,  but  thought  it  iiifcriur  to  tbe  tpa. 

There  can  be  no  (lueition  that  WrlU  diaco\'ered  anntheiia  indcpcodcntly,  and 
thai  he  introduced  it  sucres^fullv  into  priiclice;  and  be  seems  to  have  been  the  firtf 
to  realize  fully  the  importance  oi  the  discovery.  Unfortunately,  an  attempted  pubfic 
dcmonslration  in  Iloston  in  Januarv,  \Si$,  failed  partly  and  was  met  iritb  riairale. 
The  successful  demonMtatlon  of  ciLer  by  Morton  threw  nitrous  orid  minplelely  in 
the  shade  for  many  years.     Wells  was  greatly  disappointed,  became  inuiM  ud  caii»- 

mitted  suidde  {Truman  Smith,  185S,  ".\n  r  1  imiiiiili f  llii  Qui  [lion  irf  i^nfilhf  lii*^ 

Tlie  use  of  the  gas  was  revived  about  1S6}  by  Colton  Cwbow  dnoonstntloa  M 
Harted  Wells),  and  b^  1868  it  was  citeniively  used  in  dentistry.  It  has  since  b«« 
reintroduced  into  major  aur^cry,  and  has  thu»  vindicated  the  claims  of  WcIU. 

Chfts.  T.  Jackson,  a  chenu'st  of  DoBlon,  etherii;ed  himself  into  uncofisdousBtW)  Id 
the  winter  of  184;  to  1S41-  and  thetehy  conceived  the  idea  o(  ether-anesthena.  lie  did 
not  apply  il  further,  but  discussed  it  with  various  peraons,  among  otben  with  MoftOO. 

Urn.  T,  ti.  Morion,  a  dentist  of  Boslon,  was  a  former  friend  of  Well* and  Jacbon. 
Irom  both  of  whom  he  seems  to  ha\e  received  his  inspiration.  After  the  di»covwy<l 
Wells,  he  is  said  to  have  consulted  Jackson  about  the  manufacture  of  nitrous  osid,  aad 
that  Jackson  suggested  ether  as  more  con^'cuient.  Morton  Kcms  to  have  started 
successful  experiments  with  ether- anesthesia  in  Septenibet,  i$46.  In  October,  184!^ 
he  gave  a.  perfect  demonstration  at  an  operation  by  Dr.  J.  C  Warren,  St  MuMChwetB 
General  Hospital.  The  complete  success  of  this  opetuion  aduevcd  the  inirodoctics 
of  anesthesia  into  surgeiy.  Slorlon  obtained  a  palenl  in  Novtntber,  1&46.  This  tt^ 
and  the  methods  which  he  was  said  to  have  employed  to  c^tain  it,  raised  mucb  en>el>* 
tion.  Mis  litu  was  cmbiliered  by  Ihi?  controvcruc*,  and  he  died  ol  apoplexy.  jaoM^ 
the  third  party  to  the  unfortunate  cnnlcnlion  for  priority,  ateo  became  insane. 

The  use  of  anesthetics  stirrod  tapldty,  aud  related  substances  were  tried:  CAIW'** 
was  used  on  animsis  by  Flourens  m  1847^  and  in  the  same  venr,  on  the  iiidcfMMM 
Wggestion  of  AlcWaldie  by  Simpson  of  Edinburgh,  on  man.  tlourcnsin  tbeianejAI 
■1m  called  attention  Io  ethyl  chloiid.  It  was  uaed  surgically  by  Jleyfelder  In  tkcnol 
year,  but  ilico  neglected  till  189;. 

The  first  fundamental  scientific  work  on  the  action  of  aocsthetjc*  «aa  puUIibed  br 
Snow,  1858. 

Ether  was  discovered  by  Valerius  Cordus,  1540;  chloroform  indcpcDdently  by  U^ 
Soubeiran,  and  Guthrie,  i8jr. 

Stages  of  Anesthesia. — The  main  actions  of  alcohol,  rthcr,  chkwolbn^ 
chloral,  and  the  numerous  other  hydrocarbon  or  lipoljtic  oarootio*)* 
qualitatively  similar;  but  they  sliow  practically  impori.-int  differencoi" 
severity,  rapidity,  duration  and  scquds.  The  successive  ^ccts  in*f 
be  divided  into  "stages."  Hewitt,  f.i.,  clas^Ses  these  as  (i)  anslgis*! 
(a)  light  anesthesia;  (.^)  deep  anesthesia;  (4)  bulbar  paralysis.  Sbce  tbe 
effects  pass  without  abrupt  transition  from  one  stage  to  tbe  other,  atf 
classification  is  arbitrary.     In  the  following,  they  wiU  be  divided  nien^ 
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into  ihc  prc-ancsthctic,  anesthetic  and  paralytic  stages.  In  surRieal  prac- 
tice, the  normal  course  of  ancstliesia  is  generally  "  compIicaic(]"  by  a^sphyx- 
ial  phenomena,  traumatic  reflexes,  hemorrhage,  etc, 

Pre-anesthtlk  Slag,e. — This  sets  in  with  a.  comforts  We /Rff/«i|[  of  warmth, 
spreading  o%cr  ihe  whole  body;  but  soon  associated  with  a  distressing 
smsatioH  of  sufoealien,  especially  if  ether  is  used  and  the  access  of  air  is 
limited,  as  in  the  "closed"  melhods.  The  local  ffccls  make  themselves 
fell  by  prickling  and  smarting  of  the  nose,  throat  and  conjunctiva,  with 
h>'pcrsecrction  of  raucus,  tears  and  saliva.  Thesuffocition.as  well  as  the 
direct  effect*  of  the  anesthetics,  result  in  more  or  less  excitement  and 
struggling,  and  sometimes  convulsions,  e<.pecially  in  hysterical  patientx. 
The  reflexes  are  at  first  rather  exaggerated,  later  somewhat  depressed  and 
less  purposive.  Tonic  muscular  spaim,  general,  or  of  the  jaws,  glottic  or 
respiration  may  occur.  The  setisalton  becomes  disturbed:  the  sensi- 
bility is  impaired  after  the  first  few  inhalations.  Stimulation  evokes 
responses,  but  without  pain.  This  "primary  analgesia.''  while  the  pa- 
tient is  still  conscious,  may  be  used  for  short  operations,  especially  under 
nitrous  oxid. 

The  thoughts  become  ronfused,  with  hallucinations  (noises,  etc.}, 
sensation  of  stiffness,  and  want  of  muscular  conirol.  The  patient  loses 
self-control  and  indulges  in  loud  incoherent  talking,  laughing,  singing, 
etc.;  passing  gradually  into  unintelligent  muttering,  Tliese  initial  excite- 
ment symptoms  \'ary  greatly  in  duration  and  intensity  in  different  patients. 
Alcoholics  may  exhibit  \iolent  delirium  and  even  mania.  VomtliHg 
(probably  central),  retching,  and  coughing  may  occur.  Thc/acr  is  flushed; 
the  ^^i  at  first  dilated,  then  gradually  constricted;  the  ptilse  rapid;  the 
blood  pressure  increased;  the  respiration  somewhat  quickened  and  at 
dmcs  irregular,  sometimes  suspended  if  the  vapor  is  too  strong. 

The  Aneslhttk  Stage. — This  is  the  stage  which  it  is  aimed  to  produce 
and  maintain.  It  is  characterized  by  complete  paralysis  of  Ihe  brain  and 
of  the  motor  reflex  centers  of  the  cord,  and  usually  some  depression  of  the 
medullan.'  ct^nters-  Const iousnesx,  sensation,  atul  most  rrfirxrs  are  toit~— 
the  corneal  reflex  being  among  the  last.  Consequently  the  musdes  are 
lax.  The  smooth  muscles  are  not  usually  affected,  but  there  is  sometimes 
a  relaxation  of  the  sphincters.  The  pulse  is  full  and  soft,  the  rale  rather 
alow  with  chloroform,  slightly  faster  than  normal  with  ether;  the  bloi^ 
pressure  being  lowered  by  chloroform,  normal  or  rather  raised  by  elher. 
The  respiration  is  regular  and  deep,  often  softly  snoring  or  stertorous; 
rather  rapid  with  ether.  The  temperature  falls  in  consequence  of  the  les,^ 
eocd  muscular  activity  and  increased  heat  loss.  The  ^u^i/.v  are  somewhat 
small  and  respond  sluggishly  to  light.  Thc/«ce  is  pale  with  chloroform, 
often  cyanotic  with  elher. 

The  medullary  depression  does  notr  each  a  dangerous  degree  if  the 
administration  is  carefully  done.  But  with  prolonged  anesthesia  the  pulse 
tends  to  become  progressively  weaker,  the  respiration  more  shallow,  .and 
the  temperature  lower — it  may  fall  as  much  as  5''C.  This  is  due  to  paral- 
ysis of  the  function  of  temperature-regulation. 

The  paralytic  stage  is  characterized  by  progressive  paralysis  of  the 
medulla.    This  stage  must  be  carefully  guarded  against. 

All  reflexes  dis;»ppear.  The  respiration  becomes  shallow,  irregular, 
labored,  and  then  ceases.  The  skin  is  cold  and  pale,  and  covered  with  (he 
clammy  sweat  of  the  "agony."    The  pupils  are  widely  dilated.    The 

\e  becomes  slow  and  weak,  and  ceases  nurmally  after  the  respiration. 
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Recovery  of  Patient  from  Nonnai  Anesthesia.— The  promptness  of 
Uie  recovery  is  iint-rse  lo  ilie  duraiioii  oi  ilu-  ailiiiinistr.-iiiiiii.  The  first 
chdngc  after  the  wiilidrawal  is  usually  in  the  respiration,  which  becomes 
quieter  and  less  stertorous.  Tiicn  the  lid  reflex  and  ileglutiiion  move- 
ment.s  reappear.  The  pupils  generally  grow  smaller,  but  dilate  easily, 
llie  breathing  is  disturbed  by  swallowing,  coughing,  retching  and  aciua) 
vomiting,  usually  just  before  consciousness  returns.  This  is  commonly 
succeeded  by  sleep  lasting  several  hours.  Thirst  and  gastritis  persist 
for  some  lime. 

Individual  Functions.— The  proper  administration  of  anesthetic-i  re- 
<juircs  a  delailed  knowledge  of  their  effects  on  the  important  individual 
functions  in  the  successive  stages. 

Respiration.— This  is  influenced,  not  only  by  the  direct  action  of  tbe 
anesthetic,  but  also  by  the  patency  of  the  respiratory  channels;  by  local 
and  distant  reflexes;  the  stale  of  the  circulation,  etc.  In  the  early  stages, 
if  local  irritation  is  avoided,  the  respiration  is  generally  somewhat  deeper 
and  (juickcr  from  stimulation  of  the  respiratory  center.  Most  commonljr 
it  is  apt  to  be  irregular,  especially  if  the  administration  is  started  abrupt^ 
on  account  of  the  struggling,  choking  sensation  and  local  irritation.  The 
latter  may  produce  temporary  expiratory  stoppage  by  a  trigeminal  rcdct 
(Kratschmer,  1870);  but  in  man,  this  rellex  is  not  u.iually  so  strong  or 
lasting.  The  "choking"  is  especially  pronounced  with  ether.  Reflex 
closure  of  the  larj'nx  ma>'  produce  asphyxia  under  chloroform  (Bernard). 
With  chloroform  also  spasmodic  arrest  of  respiration  may  sometimef 
occur,  especially  in  vigorous  subjects,  and  is  probably  a  common  cause  of 
the  early  deaths.    This  is  less  likely  to  occur  if  dilute  vapors  are  employed. 

As  the  patient  passes  into  anesthesia,  the  breathing  becomes  rcgtibr 
and  noisy;  with  ether,  the  depth  and  rate  may  at  first  be  increased;  with 
chloroform  they  arc  decreased,  partly  by  the  low  blood  pressure.     The 
respiration  is  mainly  diaphragmatic.    The  snoring  and  the  louder  "slertor" 
are  generally  prochiced  by  the  vibration  of  the  tongue  against  the  ph*r)i»* 
gcal  wall.     "Stridor"  is  laryngeal,  due  to  paralysis  or  spasm  of  the  voai 
Curds  or  obstruction  of  the  glullis  by  mucus.     As  anesthesia  deepens, 
increase   of   concentration    usually   makes   the   respiration    temporarily 
deeper,  quicker  and  more  stertorous,  and  vice  versa.    Cheyne-Stokcs  to- 
piration  is  not  uncutnmnn  with  chloroform,  but  exceptional  with  etlxri 
because  the  CO-  tension  is  high. 

Reflex  Respiratory  Changes. — These  occur  even  during  full  &Ilcstb^ 
sia  but  arc  most  marked  if  the  anesthesia  is  light.  The  revpiratioQ  h 
usually  stimulated  by  the  operative  procedures,  and  these  may  pro^tilc 
coughing,  deglutition,  retching,  slertor,  or  .'tpasniodic  inspiratory  oro- 
piratory  arrest.  Operations  during  partial  anesthesia  are  tliercfon 
dangerous. 

Laiyngesl  Reflex. — When  a  trcsh  portion  of  etbu  a'pound  npon  the  (*Kl^ 
irritalion  ui  the  more  cunit-nUnli^il  vft|>oT  cauMt  the  patient,  mi  long  m  Iw  i*  pujv 
<DnKiau«.  Id  huUI  Ihc  lirralh  momcntiirily.  The  dls»ppc«ruce  of  tburcBmban*' 
able  index  of  surgical  onntticsin  (Uriggi). 

With  the  approach  of  the  paralytic  stage,  the  respiration  becomes  nuK 
stertorous  (softly  snoring  with  chloroform),irreguIar.  dyspneic.  andsti^ 
paralysis  of  the  respiratory  center  being  the  usual  mwle  of  dcatli  i" 
deep  anesthesia.  Chloroform  hasa  morepronouncedparalylicactioothia 
«ther;  the  paralysis  may  also  be  due  to  very  low  blood  pressure. 


Pfttton  ia  the  Respirator?  E&Mt8.~Thc  undenimidiiig  al  thit  Mvcrkl  (actors  con- 
ccrnr^l  in  the  rc^piiatory  l^IIecl^  is  essential  to  the  inldligrnt  conduct  of  nncMhedi. 
Tbc  [actor;  hk  ilassldnl  by  V.  Hcii'Ji'rsuii  siiil  Scarbtougb.  1910.  m  (oITou'S: 

).  Thr.  ThrtfhMd  iif  Eif.ilabitUy  for  Carbon  Dioxid. — This  in  dnalcd  (i,r..  the  cxcita- 
Inlity  is  citpiytsedj  by  morphln.  chloroform,  and  iletrp  ctherizalion.  It  is  litiLcred  by 
light  elheri^alion;  by  the  acidosis  o(  dvlicii^nl  oxygenation;  and  by  fear. 

3.  Thr  Carbon  Dicxid  Caiilenl  of  Ike  Blood.— 'T\ai  acta  u  a  stimulant  to  rnpita- 
lloii.     It  varies  inversely  as  the  respiratory  vcntilaljon. 

J.  The  ThrahoUl  of  EKilabUily  far  Afrrtnt  ImpuUa. — This  is  riu'jf^  (t.c,  mpiration 
ia  deprnscd)  by  deficiency  of  cartion  diorid  facapnia);  and  by  morphin.  chloroform, 
and  «th«r.     It  is  lou-trrd  by  fear. 

4.  The  inUnsily  of  af treat  imptiSifs.  especially  pain  and  psychic  impreitsioii^i. 

5.  JnkibUory  eerihr.sl  impulitt.  such  as  the  fortitude  of  the  patient. 

The  Mveral  aneslhetics  act  differently  on  these  factor*^  AtorfhiH  raitcK  the  ihitshold 
,for  carbon  diozid;  it  has  less  «Sect  on  the  thresh«ltl  for  aflcrcnl  impulM*.  It  quitia 
excitement, 

CUoreform  ruses  the  threshold  more  for  afferent  impulses  than  tor  carbon  dtoxid. 

£Ucr  may  lower  the  carbon  dioxid  threshold,  n'bilst  the  afferent  tbrtshold  may  be 
elevated.  Hence,  ether  tends  to  increase  respiration  (Fonteyne.  1006),  so  much  so 
that  in  dogs  it  may  cause  fital  acapnia  (Hen<lerson).  Most  clhcr  fRlAlilic>i  ocrur  in  Ihn 
pre-ane&lhelic  sliige.  the  re&piration  almost  .ilways  failing  before  the  heart  (Cunningham 
and  .Anderson.  igoS).  This  tendency  may  be  neuiraii/ed  by  morphin.  The  respiratory 
excitement  during  the  early  stages  of  anesthesia  has  a  similar  tendency;  II  lowern  the 
caibon  dioxid  content  of  the  blood  and  thus  tends  to  subsequent  failure  of  respiration, 
(riHtd  surgical  anesthesia  obviate?  the  development  of  acapnia  hy  preventing  pain- 
b>pcrpnea 

BlC«BSlve1y  deep  anesthesia  paralyzes  respiratioa  by  raising  the  threihuld  of  the 
rtspiratory  center,  and  by  diminishing  the  production  of  COi.  The  paralysis  Is  cwrn- 
llally  central,  although  u  curare  action  on  the  pbrenic  nerves  may  play  a  minor  part 
(GttJhensand  Mcluer.  1914}. 

AneBlheGia  before  pain  prt'venu  ai;apMia  by  lessening  the  adcrrnl  hyperpneic  im- 
pulata.  The  induction  of  anealhesia  after  pain  'is  more  daiigeroue.  bccaunc  the  lowered 
excitability  during  h>'petpiica  is  apt  to  lead  to  acapnia  (Henderson,  igio).  The  acapnia 
al»o  damage:!  the  heart,  so  that  )t  succumbs  more  easily  to  chloroform  (CalhcatI  and 
Clark,  loij). 

Stoppage  <A  Resiuration  is  Therefore  Most  ^t  to  Occur  With  Uneven 
Anesthesia  (Henderson,  191 1). 

IrhtatHKi  of  Respiratory  Passages. — Both  anesthetics,  but  especially 
ether,  protiuce  irritalion,  with  reflrx  phenomena,  increased  flow  of  saliva 
and  mucus,  and  sometimes  inflammatory  after-effects.  The  hyper- 
secretion is  especially  marked  with  ether;  chloroform  producesonly  a  slight 
iiKTCase  during  induction,  and  practical  arrest  during  full  anesthesia. 
Emphysema,  bronchitis  and  advanced  tuberculosis  arc  therefore  special 
contraindications  lo  ether.  The  increased  flow  of  saliva  and  the  anes- 
thesia of  the  larynx  are  apt  to  lead  to  aspiration  pneumonia  (Hoelscher, 
iSqS).  Pneumonia  may  also  be  due  to  direct  irritation;  it  is  not  known 
which  has  the  larger  share.  It  is  much  more  common  with  elhor  llian  with 
the  other  anesthetics.  It  has  been  attributed  to  imfmritits,  especially  per- 
oxids  (Bmns,  1805;  Smith,  1013).  Excessive  mucous  secretion  may  also 
produce  acute  suffocation  by  "  inundation."  The  tongue  during  anesthesia 
is  apt  lo  fall  against  and  close  the  gloltis.  These  accidents  arc  largely 
obviated  by  proper  position  of  the  head, 

CimghiNg,  reldting  am!  viimiling  sometimes  occur  immediately  afler 
starting  the  administration;  or  later,  during  imperfect  full  anesthesia, 
especially  with  ether,  being  partly  due  to  the  swallowing  of  mucus. 
Their  occurrence  indicates  that  the  anesthesia  i^hould  be  dct;pened.  The 
approach  of  vomiting  is  heralded  by  swallowing  movemcnu.  If  it  can  not 
be  averted,  the  head  should  be  ttu'ncd  to  ihc  >idc  and  the  opposite  shoulder 
raised. 
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X^^rexamiiuitions  on  dogs  revolt  Ruikcd  ilinunution  of  gutnc  tone  under  cMoi» 
fomior  Cilirf  (Ilmoii  und  BarMoy,  1914). 

Bmichisl  Uuscle. — Excisvd  troclical  muxdcUrduedbvclba.comtikted  by-cUo' 
COlonn,  in  vjpor-cDnrrnlriLliuiii.  tiucliasoccur  inuKttheatt  flYwideUabgrg.  191 J).  !■ 
Intact  unimHlii,  huwevc^r.  chloruEurm  produCM  slight  dflMloil  (DExon  and  Brodie).  b 
amsed  luna  (nunea  jiig),  temporary  dilution  u  produced  by  ether,  cUorafora  tad 
Withanc  (bftCr&Rd  Pick,  1913). 

Blood-gases  !n  Chloroform  AnestbMift. — The  icu  cichai)^  ia  decreased;  ia  Ibe 
excitement  :itagc  by  hy])eri>iicic  .icnpniu  .ind  mccbnnical  obttiuctioii:  in  the  uneatbHic 
H«ge  by  deprtasloi)  of  the  center  ( V.  llcndcrson;  BuckniBMer  and  G&rdncr,  i^ilX 
The  moductiOD  of  COi  liuring  aneslhi'siu  is  only  oae-hiiK  to  two-thirds  ot  the  Dorad. 
The  COt  content  of  the  blood  was  increased  frdm  ><;  t«,<{(i per  cent.,  the  oryxea  cootcst 
radu^  from  1.1.6  to  8.1  per  cent,  ((•ucducr  unci  Bu<:kmM6lcr,  iqio).  Toe  blood  t* 
thecefore  darkened.  Chloroform  seems  to  diminish  the  oiyjfn  cafacUy  «■/  tht  btMi; 
for  the  diminution  of  oxygen  occurs  even  with  arti&aal  mpiratioR.  Gangitano  daiais 
thut  this  luslt  for  twenty  to  twenty-five  days. 

The  R.-umt^LuboUsm  of  the  hrain  is  depressed  by  60  to  00  per  ceoL,  propoetloml  ta 
the  dcpih  of  the  nurfofiis.  With  ether,  ihc  COi  fjjls  IcM  thnn  the  ox;rgen;  the  rcveoa 
ii  true  of  morphin  (Altiander  and  Cemn.  iQij).  In  tttrvt  _&bat.  direct  expoone  to 
low  (slimukni)  conccntraliun^  inrreosc  COi  production,  wlule  anesthetk  Coocentia- 
tions  depress  tt  (Tashiio  »nd  Adam*.  1914). 

Ether  on  Circulation. — In  Ibr  early  stages,  the  pulse  rate  .tnd  blood  pits- 
sure  are  increased  by  the  reflexes,  excitement  and  indpicnt  aspbyaa. 

wMmn 


B.  ? 


Pic.  16. — An«*lb*tir«  on  riri-ulatinn.  A.  Bthrr  or  blocHl  prenun  (doc).  Tbc  laiail  ■  "^ 
lisbtly  BnattietlMid  ftt  the  btainiuiK  of  Itx  lnc\ng.  Th*  pthn  it  uiuhed  at  (■).  Tbg»a^»g 
tically  DneRKt  on  tin  blood  vroiwn.  even  iltor  ten  minutci  (»),  B.  Ctitnfem  oa  Ume4  p^^ 
(ios).  Tht  mhiUtion  ii  bmn  at  (a)  and  puihrd.  Th«  ju-cMuir  (*Ui.  wttbont  anr  *•£: 
ctunne  ill  the  bnrt  (cenlnu  vMomoior  dtpmsion).  Thi  ^nntbclui  it  witlulia'—  at  w- .  *.Ti 
Rupirmiiiin  i>  vary  ahiJIow.     Artlfii:ikl  mpinilion  ii  iutIkI  at  |()  and  mnpadatlA.    tVinf*'* 

SrnHiirr  ii  (radually  roeoverarl.     C.  Baft  Merid  im  Uaai  tttitmtf  (dosl.     Til*  laiihrrri  ■«■*• 
nurd  fruin  (a)  lo  (h).     Tbu  nfr<-iru  %n  vary  umJUr  U  than  of  cbtanfern. 

During  aneMhcsia,  the  effects  arc  similftr  to  those  of  alcohol,  slinwlMl 
rather  than  depressant:  the  cutaneous  and  cerebral  vessels  are  dfc** 
(also  with  chloroform ,  Bereein,  1  q  1 6) ,  the  intestinal  constricted  (I>enm«*' 
1900),  the  pulse  rate  is  increased  to  80  to  no,  and  the  blood  [)««"■* 
(Fig.  a6,4)  is  practically  unchanged,  or  somewhat  above  tKirmal  in  i"*" 
(Blauel,  looi).  The  face  is  reddened.  The  pressure  in  the  pulmoM'T 
artery  rises  even  if  the  carotid  pressure  remains  unchanf;ed  (Wood,  i?''i; 
There  is  generally  some  venous  congestion,  especially  with  the''dos<d 
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methods  (asphyxia).  The  threshold  to  vagus  stimulation  is  raised  (Jack- 
son iiiiil  Ewing,  1914}. 

These  indiffereiu  or  favorable  actions  on  the  circulation  persist  tJirough 
the  stage  of  surgical  anesthesia,  even  if  this  is  prolonged  for  hours.  In  the 
paralytic  stage,  the  vasomotor  center  is  gradually  depressed:  the  pressure 
falls  very  slowly,  the  face  becomes  pale,  ^vhiIe  the  heart  reniain.s  practi- 
cally perfi-ct  even  when  the  respiration  ceases.  It  can  therefore  usually 
be  rc^■ived  effectively  by  prompt  artificial  respiration.  Fatty  feeble 
hearts,  however,  may  be  aflected  more  severely. 

The  vascular  eSccts  are  central;  the  cardiac  changes  arc  mainly  the 
indirect  results  of  the  vascular  disturbance;  the  heart-muscle  (Bock)  and 
the  vagus  excitability  remaining  unchanged.  Concentrations  of  ether 
which  injure  the  heart  directly  can  be  reached  only  in  perfusions. 

Asphyxial  Effects  on  fke  Circulation. — Slight  mcchanicAl  interference 
with  the  respiration  rather  improves  the  respiratory  movements  and  the 
circulation  by  stimulating  the  medullary  centers.  Severer  grades  produce 
venous  congestion,  extensive  bleeding  from  severed  vessels,  etc.  Pro- 
foimd  asphyxia  leads  to  extreme  cardiac  dilation  by  paralysis  of  the  vaso- 
motor center  and  heart. 

In  light  ether  ftnc«lht«lit,  la  to  16  per  cent,  of  COi  in  the.  air  r«»cs  the  blood  prra«urr, 
but  slows  and  weakens  the  heart.  These  actions  arc  much  1cm  pruiriiunced  in  (lc«u 
aiicsthesia  (Calhciirt  and  CImIe.  1913).  ThesvcTCtlaaoleerebra-ipinalJIuiditiacresa^ 
by  the  ancithciics  itnd  COi  (Dixon  and  Halliburton,  1913). 

Vatemotcr  Cralrr. — Aneslhelic  doses  o(  ether  prcKlucc  no  direct  effect,  or  moderate 
sttmuUtion.  The  siimulatian  is  probably  iurgcly  asphyxIoJ,  from  r»|unitary  dopre»> 
WHi  (Pilchcr  and  Sollmann,  igij). 

Effects  of  Chloroform  oa  the  Circulation. — ^These  are  much  more  m> 
nous  than  those  of  ether.  Even  in  smooth  anesthesia,  the  pressure  falls 
markedly  (Fig.  16B)  by  central  vasomotor  depression.  -Slight  faults, 
especially  early  in  the  administration,  may  produce  sudden  permanent 
arrest  of  the  heart.  "A.C.E.  Mixture"  and  Ethyl  Chlorid  (Fig.  ibC) 
act  similarly. 

In  normal  chloroform  anesthesia,  with  carefully  graduated  adminis- 
tration, tlie  i>ulfte  and  blood  pressure  in  the  pre-anfslhtlic  stage  are  some- 
what irregular,  but  generally  increased  and  the  face  flushed,  similarly 
to  ether.  As  anesthesia  is  reached,  or  shortly  after,  the  blood  pressure 
deciiirs  progressively  (Lenz,  1853;  English  Chloroform  Commission;  Ittauel 
in  man) ;  in  an  hour  it  may  have  fallen  to  one-half,  in  two  and  one-half 
hours  to  one-third  the  normal  level  (Rosenfeld,  i!ti>6).  This  fall  of  pres- 
sure is  primarily  due  to  depression  of  the  vasomotor  center;  The  vessels 
arc  dilated,  but  constrict  on  stimulation  of  their  nerves  (Schcinesson, 
1869).  The  ilepression  of  the  center  can  be  shown  directly  by  the  perfu- 
sion method  (Sollmann  and  Pilcher,  loi  1).  The  dilation  involves  mainly 
the  splanchnic  area  (oncometer,  Embley,  tQoi;  increase  of  blood  flow, 
Pick,  1899).  The  skin  becomes  pale  and  cold.  The  cerebral  vessels  ton- 
strict,  the  pulse  is  soft  and  slow  but  regular,  the  heart  beating  efficiently 
when  the  vasomotor  paralysis  is  complete  (no  response  to  asphyxia,  Knoll, 
T87S).  The  respiration  also  remains  regular  and  efficient.  The  vaso- 
motor depression  is  not  necessarily  harmful  to  the  patient,  unless  it  be 
exces-tive  or  prolonged. 

With  prolonged  anesthesia,  or  with  the  approach  of  the  paralytic  stage, 
the  heart  is  injured  more  or  less  by  the  direct  action  of  the  chloroform,  as 
well  as  by  the  low  blood  pressure  and  asphyxia.    It  is  also  very  probable 
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that  degenerated  hvarl-muscle  its  more  subject  to  the»e  injuries.    Or^ 
narily,   however,   the   vasomotor   paralv'sls   dominates   the   circulator)' 
phenomena  until  death,  the  heart  braling  after  the  rispiration  luu- Mopped 
(Hyderabad  Commission,  1889  and  1890),  although  it  may  iwt  be  able 
to  maintain  a  circuLaiion. 

With  faulty  admhiislratum  the  events  arc  quite  different.  Excwisiyt 
concentration  of  the  chloroform  vapor,  particularly  when  the  anc&tbc:^' 
is  incomplete,  stops  the  circulation  before  the  respiration  (Fig.  37).  Tiii* 
is  the  usual  mode  of  chloroform  death  (Lancet  Commissioa,  1893). 

If  the  heart  a  cipotcd,  it  may  be  contrulxng  feebly,  even  after  (ke  rcapir^ti* 
tiM  stopped,  «o  that  literally  the  respiration  blopt  6ni:  but  ihrtr  feeble  b«U»  ^ 
not  prapet  thr  blood.  M  that,  la  fut,  tbc  ciimUtlon  u»uft)ly  f>II»  before  t** 
miHmtion. 


-0- 


Pic  i?.^A<TidrQit  M  AQpuhma:  .1,  KeB«  itopiuun  ol  tacut:  blood  praam,  iln*.  ^ 
(hlnrld  u  irJulnl  nt  luI.  Thr  hratt  anil  reifilrftiion  «lai>  pnaitniy  [1il<iiinM  mm  '** 
TliBy  re^Qmc  ktMint^nrntuily  niiet  iao  minutaa.  B.  Direct  ptjalya  xd  1b«  1wut>  ftvetitC 
wphyiici  DM.     Elhyl  chlniiil  inhaliiion,  blood  prMHirp.  dog. 

The  cardiac  arrest  may  be  due,  in  individual  cases,  to  direct  or  wt^ 
vaRU-i  stimutalioR,  to  aqihyxia,  or  to  direct  paralysis  of  the  cardiac  muK^ 
urgL-n<-rit]ly  perhaps  to  a  combination  of  these  factors.  Rcflcjt  ciiculfttpg 
disturbances  are  most  dangerous  in  incomplete  anesthesia  where  the  r  '-^l 
flex  response  is  active:  and  in  very  deep  anesthesia,  when  the  low  Wot— ^■* 
pressure  may  make  even  slight  reflex  changes  fatal. 

iMrynxeoI-rtJtti  Synttpe. — Dooubry  and  Mtiene,  1914,  cenfinDCd  that  tfO^^^^ 
cMorafonn  inhilHtior*  produces  complete  arrest  of  heart  and  t«(fMratii>n  ia  itV^  J" 
rabbh*.  IIowcvtT.  if  abMtptioD  ul  llic  chloroform  a  prev«ntcd,  the  •irertfa  t«Bpe™^^2' 
and  followed  by  rue  of  blood  procure  from  ^pt&nchnlc  coootrictloii.  In  tfct  wi-  „ 
Inlai  result  thenlare  the  toxic  acilon  of  the  mb»arbed  cblorofonn  pUys  aa  ifl 
part  in  iwevtatbig  movery  from  the  tciex  arrc*!. 
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IToMmohir  Ctntet. — The  preliminary  stimulation  a  nartlj'  due  lo  a  direct  action  of 
the  cUotolorm,  for  it  orcurt  whrn  this  it,  citntincd  la  the-  ccrnbr.U  ciiculation  (by  pcr- 
fnsing  this  from  (lie  vessel*  of  h  second.  cliloroformii'iJ  animiil;  Gii^lccll  and  Shore,  iSg^). 
In  part,  the  rise  of  pressure  is  also  refle.\  and  a-sphyxlnl.  The  Visomoior  center  becomcii 
dtpwated  quite  early;  /.'■.  the  normu.!  vascular  com  pen  Sit  lion  iteftinal  Ihc  hcsil-dnwn 
pwtioa  is  destroyed  (L,  Ifill,  1S97).  It  does  not  become  completoly  paralysed  until 
much  later  (Ga^lcell  and  Shore;  Kmfalev  ond  Martin). 

In  theii  perfusion  experiments,  Pilcher  and  Sollmsnn,  1915,  confirnifd  thai  the 
vssomotor  center  is  depressed  directly  during  chloroform  ancstfat^ia.  Indirect  stimu- 
lation may,  however,  occur  when  asphyxia  is  induced  by  t«piratory  depreuion.  or  if 
the  center  becomes  suddenly  Rncnuc  by  rapid  f.iU  of  bliiod  pressure  or  cardiac  arievl. 
Under  such  condilions.  the  center  muy  be  viotentty  stimuluteU,  with  or  without  pre- 
cedhiK  depression. 

Chloroform  jibolishcs  the  effect  of  prcraor  reflexes  at  higher  levels  of  blood  pressure 
tbsn  norm&l  (Pilcher  and  SuUmann). 

In  an  intermediate  stage  of  chloroform  onesthwia,  stimulation  of  the  vasomotor 
center  lowers  blood  pressure,  since  chloiofoim  disturbs  the  reciprocity  of  antagonistic 
nerves  so  that  aflercnt  stimuli  pfodurc  only  inhibitory  eflccts;  ehliirofonn  ciui-init  the 
inverse  effects  to  slrj'chnin.  The  chloroform  vuaodilntion  may  therefore  lje  due  to 
the  reversal  of  the  normal  prcMOt  impulses  of  the  center,  .^sphj-^in,  however,  (till 
causes  vasoconstficlion  (Baylits,  1908).  When  the  vasomotor  paralj'sis  is  complete, 
asphyxia  does  not  raise  the  pressure. 

"nic  t>'pical  fall  of  blood  pressure  occurs  with  all  methods  of  adminiittration. 

Direct  Action  «n  VtitHi. — Perfusion  of  excised  organs  with  chloroform  solutions 

E reduces  a  constrictor  effect  in  some  organs,  a  dilator  effect  in  other^i.  especially  the 
idneys  (Scbacfer  and  Scharlicb.  1904;  Embley  and  Martin,  1905;  Filchne  and  Bibct- 
feld,  1506;  Campbell,  1911),  The  reiiuired  ciinceiilfiilion,  howrvfr  (0.1  per  cent.),  is 
almost  twice  as  creat  as  that  which  kills  the  heart  and  puraljics  respiration  (0.06  per 
cent.);  so  that  this  peripheml  action  can  play  no  part  in  chloroform  one*lheMn  (Sherring. 
ton  and  Sowton,  11)041. 

Early  Stoppagt  of  llearl. — Most  fatalities  with  chloroform  occur  during  the  induction 
fli  the  anestheiin.  by  sudden  arrest  of  the  heart.  Kxperimealally,  the  heart  will  often 
resume  if  the  vagi  arcproiaptly  divided.  In  these  riiDei  the  aircti  ii  due  to  itimaS'itian 
of  tht  vagus  center,  "riiia  may  be  rtfiex,  due  to  nasal,  larynncal.  tracheal  or  jiulmonary 
irritation  by  the  chloroform  vapor  (Dast re;  Morat;  Brodic  and  Russell);  but  it  ma^'nUo 
occur  when  all  rellex  paths  are  eltminated,  or  on  intravenous  injrdlon  (Rmbley,  1901): 
thus  indicating  direct  ilimulalioH  ol  the  center.  Iti  excitability  is  exaggerated  by  high 
CDPCcntrations  of  chloroform  (about  1  per  cent.),  by  morphln.  and  by  asphj'xia.  Deep 
■MMhcsia  duLls  this  vagus  hypcrexci lability,  thus  cxpl.ilninjt  why  tW-^c  nccldenls 
gcaenlly  occur  at  the  start.  TJie  administration  of  alrupiu  would  prevent  Ihia  form 
of  (atabty  completely. 

Tliere  is,  liowTvcr,  another  factor;  for  a  normal  heart  can  not  be  slopped  permanently 
by  ragus  stimulation,  direct  or  reflex;  with  a  chloroformed  heart  permaneat  arrest  is 
eaiily  produced  (ICmblev:  Deionbry  ond  Mngne,  niu).  It  follow*  iheceforo  that  the 
high  conrcntralion  of  chloroform  vapor  must  have  injured  the  heart.  This  incrcnted 
MnsitivencM  of  the  heart  may  be  fatal  apart  from  the  vagus:  A.  G.  Levy,  191 1.  finds 
the  cat's  heart  in  early  chloroform  anesthesia  verv  sensitive  to  high  blood  pressure 
(epincphrin),  death  in  this  <asR  bring  not  avoidable  by  v.igolomy  or  atropin.  This 
cuDditlon  disappears  in  deeper  une.stheiia  and  was  not  seen  with  ether. 

Socin,  1914,  showed  that  chloroform  also  renders  the  excised  heart  less  resistant  to 
I'cnoiu  engorgemcnl  >^>r  inrrrn'rd  .irtcrial  rcsisunrc;  i.r..  that  il  dilates  more  easily. 
Similarly,  excitement  may  stop  the  heart  of  tightly  clilorali^icd  cats  (.Sollinuan,  i9oS}. 
Embley.  i<)i,i,  finds  that  early  chloroform  death  with  cats  is  frequently  due  to  ventricu- 
lar Gbnllation.  With  dogt,  this  was  never  witnessed,  except  as  a  terminal  result  of  low 
Uood  prewure.  Henderson,  1914,  is  inclined  to  attribute  these  early  fatsUlies  mainly 
lokcapctia. 

Dirtft  Cardiac  Deprtuivn  by  CUotefarm. — This  was  demonstrated  on  the  excised 
(ro(c»*  heart  by  Clemens,  iSjo;  on  the  exposed  tnainm,ili,\n  heart  by  Snow,  iHj*. 

The  rxcittd  mamimUian  hiarl  (LaDgendorlf  method;  Shctriuglon  and  Sowton,  1903) 
show*  «trikingly  the  difference  between  chloroform  and  ether.  The  chloroform  de- 
prcuiao  occurs  very  promptly  (viithin  two  minuters]  and  with  much  lower  conccnira- 
tioni  than  are  required  for  the  vesieU.  It  consists  in  a  lessened  force  uf  the  conlrac- 
tions.  the  rate  being  but  little  altered.  The  auricles  are  less  affected  than  the  ventricles. 
The  effect  is  proporiloniil  to  the  concentration  of  the  chloroform,  .ind  independent  of 
the  nlMolute  quantity  an<l  of  the  time  of  perfusion.  The  heart  rrcovtrt  at  once  when 
the  chlorofoim  is  removed,  unless  the  concentration  was  excessive  (0.15  per  cent.),  in 
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which  case  fibrillary  cactnctioiu  KpiMar  and  recovery  it  impoMibk.    Elhn  k» 
1cm  acUiNi,  and  alcohol  Is  practically  hnrmlctt  even  wmd  a  per  oriL  Is  pcanL 

'rbe  {HOMliMrM iH/trMCtf  in  Uk  cardiac  deprcsiont  action  oJ(he»e  tMrtotiaBW» 
tnUd  by  tlic  rc«uluof  Dieballa,  1S94.  on  pcrfuKd  froipi'  lienit<.;  If  iheUUldMid 
ddoraform  be  taken  as  one,  that  of  ctliyl  bramid  would  be  ii;  of  nhet  4S;  of  ieM  tp. 

That  the  heart  may  be  directly  dcprcvml  by  chlorofomi  f n  tie  inCad  mm*I  «t 
abvn  by  Schcincsson,  1S68,  who  found  thnt  the  blood  pretaure  Ml  e\tt>  if  VMCdUlioi 
wa*  largely  excluded  by  clamping  tlic  uuita.  Bock  emidayed  tl>e  saw  H^"^ 
moic  pencctly,  with  the  Mime  rctulu.    Tlu«  method  involves  U^  oaneaitialiaKl 

OrJJiMr^icniKcnir'^iMiM  also  weaken  the  heart  Minewhat  (leoMdied  qnteie  indhak 
Bad  rapid  dSation;  MacWiUinm,  iKqo;  r.mblcy,  190a);  but  thia  may  piaiiUrlt  lb» 
result  of  the  fall  01  blood  pref^tirc  Howc\-cr,  tlie  conccntrntkM  of  cUontefi  itlk 
blood  which  U  required  tor  anntliesia  (o.ojsper  cent.)  i»  not  very  far  remov«d  EtMM 
which  parilyxot  the  heart  (0^6  per  cent.i  I*ohl,  11(91);  *o  that  there  it  peobaUir  «■< 
dirrct  cardiac  deiimsion  c\xn  In  "u(c"  anet1he«la,  and  the  mar)^  of  laktr  KqA 
tnulL  Levy  and  Ii.ewis,  loii.  abo  found  that  low  CMOoeotralions  of  chlonMBf^' 
diicc  marked  cardiac  irregularity  (idiopathic  ventrteaUr  contnctioiu)  in  ait,  Ewk 
and  Nobel,  tgij.  olawrml  disturbed  conduction,  aonietlines  I0  ooapieie  Mlcri*- 
ventricular  diuociation.  In  some  ciperimcnts  thi*  could  be  remo^■t^l  1^'  vt^ia]  • 
atropin,  hut  in  othcn  it  could  not,  indicnlintt  an  aclion  on  the  bundle,  la  perfan 
heatta,  and  doubtiesi  alto  In  livinK  animal^  the  deprvMant  sctioa  of  cUeNfcra  ^ 
greatly  increased  by  CO*,  and  therefore  by  uphyiin  (Sherrington  aitd  Sowloiw  W'^ 

The  prtMnre  tn  the  ftdmenary  arlay  {■!!(,  through  the  cardiac  and  ittjIaMI 
tteprnslon  (W{sRcr»,  loti). 

With  f rop'  ntarls,  the  depresiant  eftecli  of  antstbetica  e»n  betmtactnhtd  h  uW* 
(Burridge,  191  j). 

AxOaoA  Ml  Blood.— Thc»e  are  not  Important  In  nedinat\-  anesthesia.  Elttf  ■>• 
chloroform,  like  all  fat-sol  venli.  produce  ktm^lysii  wheD  added  to  shed  btoodjaaJM^ 
usni&oint  degree  of  this  action  kccoje  to  occur  during  life;  eiaminatioe  of  tb>  I'M 
ahows  a  polycythemia,  due  to  diminutioa  of  the  plaacoa.  Th«  hcoMglobw  it,  beM**- 
reduced,  home  corpnisclM  are  destroyed  entirely,  olben  Iom  oidy  put  ef  ihdf  hw 
globin.  Snce  a  ditninulioo  of  hemoglobin  to  50  per  cent,  it  dangeroM,  H  i*  mttt  *** 
to  use  anesthetics  od  patients  shoninK  only  60  per  cent,  of  bemOKlollfa  (U«  Cni*  *» 
Kalte;rer,  1901).  ^^ 

It  ii  conccivftblc  that  this  hemolvw  explains  partly  the  vHmla  «mJ  Uvw  ■"■' 
arc  sometimes  seen;  but  these  may  bIm  be  cauMd  by  hepatic  charms. 

Caa(ulii'iati  Time  »( the  Blood. — This  is  shortened  by  ether  ancstbena.  Oiuf^^ 
and  chlorjl  have  no  elFcct  if  the  cnngulauon  time  ia  normal;  but  IcnfctbCD  il  U  vf^ 
Bially  short.  Mrndcnhall,  tvts.BUKiietts  that  these  changes  are  doe  to  dfatiuW  lti<^ 
action  of  the  liver  sod  adrenal  Elanda. 

When  added  directly  to  blnod.  complex  effects  are  peoduoed  tn  coagulatios.  Ok"" 
form  and  cthri  rentier  antiihr>'>tril>in  iDcnnciive,  Ether  also  weslceu  the  tbnaUa>^ 
tioo;  chloroform  ilor*  not.  nor  does  it  convert  prolhroroinn  into  IhronbiB.  "Ihup*" 
titles  uted  were  much  higher  than  in  anesthesia  (Minot,  1915).  . 

The  iptcific  t'o-'iy  of  ilie  blood  Is  Bonsewhat  jocrcswd  durtae  annthols  iMw 
deveml  da>:silter  (Sherrintiton  and  CoiKman).  Buck,  igi4,d<0Cru>«tMrk«dd>0*' 
of  jthr  globultiH  after  about  two  houn  of  chlorofotm  or  ether  annthesia.  TkeH'''" 
of  the  blood  it  slightly  increa«ed  in  deep,  diminished  ui  light  asesthetlL  but  W***^ 
important  dogtee  (Iturton-Oplti,  ton).  The  oimolie  preimrt  b  a  ItIm  intraliMj' 
the  molecular  concentration  of  the  dissolved  anesthetic  (Carbon  and  Liackliaidl,  W*^ 
The  fal-eontent  of  the  blood  is  iacTcnsfd  by  ether;  chloroform  has  tUsedeclaJr*'* 
the  aaimal  has  been  on  a  fat-rich  diet  (Bloor,  1914)-  .  „  ^_ 

DUappearantr  ef  f-'ibrimagfi. — Profound  cbloraforni  narcosi*  diminjahes  "'•'•Ti 
the  cnngulability  of  the  blood.  Thii  change  in  notioeablc  aJtcr  tUrty>6ve  ■>'?^1^ 
■aasthctia.  In  citmnc  caan  the  Abrinoeen  may  be  compUuly  abMot.  ^*r 
ti  ooaaected  with  the  Injury  to  the  liver,  sunilar  to  that  ol  pbot^wras.  sad  bsrtp^ 
duced  by  ether.  The  congulnbility  recovers  with  the  rcfiair  of  the  hcfMtic  H" 
(M.  Doyon,  191^;  WMpplr.  lou).  .j^i 

The  cMeitennamUnl  ot  the  blood  docs  not  show  any  wgnificanl  chaaMislBi^F" 
ether  ancithesia  (P.  C.  Mann,  1916). 

Temperatuze. — Chlorckform  and  ether  uuae  about  an  cqtial  t*"  ' 
temperature.  _-iiii 

In  ordinary  operations  on  roan  the  fall  is  from  i  lo  4*F.,  •****?S 
about  3.3°F.  (H.  A.  Hare,  18S8);  much  more  in  prolonged  vptftu^ 
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animals.  It  is  not  markedly  incrtascd  by  the  ordinary  dos&ge  of 
n.  The  fall  is  due  mainly  to  increased  htat  loss,  from  the 
narcosis  of  the  temperature  regulation,  aided  by  the  cooling  action  of 
the  vapor  and  by  exposure.  It  can  be  prevented  by  external  heat  (the 
room  temperature  should  be  above  26.s*C.  =  8o'F.)  and  by  keeping 
the  skin  dry  (S.  G.  Davis,  iQog).  These  precautions  are  important, 
since  chilling  favors  the  occurrence  of  shock  and  of  postanesthetic 
pneumonia.  Warming  the  vapor  has  been  advocated  (Gwathmey, 
tpoR);  but  llie  loss  of  heat  from  this  source  would  be  insigniticant 
(Boothby.  1913). 

Reflexes. — The  gradual  abolition  of  all  spinal  reflexes  produces  com- 
plete muscular  R-laxation  in  the  anesthetic  stage — an  important  surgical 
advantage  o\'er  nitrous  oxid  or  cocain  anesthesia.  The  relaxation  and 
reflexes  arc  also  valuable  for  judging  tfie  depUi  of  the  aneslhesta;  but  dif- 
ferent patients  vary  considerably  in  the  degree  to  which  reflexes  in  general 
are  depressed. 

The  t«Qcxct  diuppcRr  in  a  rather  drSnilr  ordtr.  Amnitg  the  Inst  In  disappear  are 
tlMcornekl,  )arynK«ai,  pbarynKtiili  rectal,  vesical,  (>eriloncfll  ani]  t;eaitat.  'Ffac  patellar 
Tcflei  pc^^i^tl  vrry  lale.  'The  movemcDti  uf  purii.l)'sis  agitun^  I'l-asF  durina  uncslhciiai 
at  they  do  in  ilecp.  With  chlotoforni,  the  depression  of  the  tctleies  is  slrikingly  pjirallcl 
to  the  cblotulorm  content  iii  the  bluuct.  No  initial  stlmtiliLiion  o(  rellcx  exciiabiliiy  U 
noticeable  (ran  Lecuwen.  'piil 

TktSeHMrv  Component  ii  Dejm^tcd  Ittfon  fin  ifoli>r  Cempoatnl. — In  the  curly  9 titles, 
■ensatton  is  blunted  while  motion  k  unimpaired  or  indeed  increased.  The  |Mychical 
Coodition  is  liroilur  to  uk'ohol,  but  the  Fatiuiution  of  mulor  processes  is  early  olkcuicd 
bv  the  icnrary  deprcsiion  (Kroepelin,  iSqa).  In  the  deeper  Btagcs.  the  icnsory  cells 
of  thcftpbalcuril  are  para) vied  bcio re  Ihc  motor  cells:  If  cfilonjlorin  is  restricted  to  the 
upper  hnUof  the  cord,  w  that  this  will  not  react  to  reflexes  from  the  upper  exiremilies, 
it  iriil  Hill  tcfpond  to  impulses  from  the  unpoisoned  sensory  cell*  o!  the  lower  cord 
(Bernstein).  Tlie  responie  to  direct  slimululiun  ul  the  cord  dii-tppears  ftnt  from  th<9 
•eniory  posterior  columns  (Flourens,  1847).  Eventually,  however,  the  motor  cells 
bUo  bcromc  incxcii.ible. 

Poihei  and  Miller.  1916,  conclude  (from  the  aclion-currents)  that  the  effereot  im- 
pabcs  are  blocked  before  they  reach  thie  cerebral  cortex. 

Tkn  ctrfbtiii  maloT  tivlei  it  nUo  depressed,  but  loses  itt  excitability  only  in  very  deep 
anesthesiu  tHlt/ii:,  187J),  ■ 

BthCf  as  an  intoiicwil.— The  resemblance  of  the  earlier  effects  of  ether  to  those  of 
alcohol  has  led  to  its  u<c  as  nn  intoxicant.  It  b  said  that  ether  drinking  is  a  commoii 
form  of  diadpatlon  in  Ireland.  The  effects  are  produced,  and  pass  oS,  more  promptly 
tbao  with  alcohol  (Discusuon  and  literature,  J.A.M.A.,  64 :  166,  I9IS)- 

OenAial  Protoplasmic  Poisons  and  Local  Irritants. — The  anesthetics, 
on  direct  appHtatinn,  narcotize  all  cells,  of  ihe  lower  organisms,  as  well 
as  of  the  higher.  This  is  preceded,  at  least  in  some  cases,  by  evidences  of 
stimulation.  Tlie  concentration  required  for  irritation  is  greater  than  is 
reached  from  syslemic  administration.  At  the  place  of  application,  how- 
ever, the  irritation  is  quite  marked.  Chloroform  is  more  irritant  than 
ether,  with  equal  concent  rat  ion.>i,  and  can  be  employed  as  a  rubefacient 
and  even  vesicant. 

'Dim  iriilation  i»  due  largely  to  (aat'il'ili'm  oj  llir  proUipl>nm.     The  cause  o(  this 
kCPsalBthB  variouji  mvmbeii.     In  the  cuscof  alculml  it  rcst«  upon  withdrawal  o[  water, 
I  tad  conaeqiiently  all  proteins  are  ailccled;  clilotojorm  has  d  more  marked  action  npoR 
globulins  ((^jiecially  myosin),  aind  rther  u|)on  ilbuniins  (especially  CKU-albunien). 

Ped|dieral  Action  on  NervM. — Direct  application  of  solutions  or  vapors  of  the  volatile 
UKStbctics  to  a  nerve  lowers  Its  conductivity  and  eu'ltabiKt)'.  chuoites  the  polarization 
(Waller,  1896:  Alcocfc.  :oo6;  Bethe,  1908),  and  nboliihci  the  action -current  1  l-*orbes, 
McInlo>h  and  Sefton.  i9r6).  The  sensory  fibers  nuccuniti  before  the  motor  (Longet). 
Tbe  landmlirlty  vj  the.  Btrvr  Is  lowered,  as  well  as  ita  cxcitabUltyj  for  if  a  nerve  1»  cx> 
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po««d  to  nher  vapor.  ftlimulAUon  al  the  proximal  cod  CMMt  to  b«  dettitl  i 
uKinrr  ihun  M  tbe  distal  tod.    Th«  excitability  b  r(>c«^-cre<l  if  ibc  tthwfawwtdiH 
time.    With  chloroform,  recovery  U  more  difficult.    Tbe  coQcenlntiotii  Nqund  I 
theK  pctiphcrnt  cffacta  are  greater  Ihaa  can  ndtt  la  Uvlof  utlaal*:  the  nuttfi 
tnuory  ncrvet  rnniuDbs  exdUtble  even  in  proEouad  aneithienA;  both  the  <"'"''' 
lomrcd  during  life  (Forbes,  Mclntoth  •nd  Seflon,  1910). 

Narcosis  of  a  att\t  ditnlniahei  U*  CO,  production  nuteriaUy.  Lower  wotoniv 
tlons  increa.-ie  the  COi  (Tiuhiroand  Adomn,  1914]. 

The  undihited  anmihetics  when  in>f<ttd  dirtctty  (9t&  a  nmt  produce  »  drnm- 
icribcd  ncuiilla  (caution  Sn  subcutaneout  or  intraoiawular  injections). 

Special  S«atM. — Tbe  oiar  and  rtttt  l<isK  of  chloroform  and  ctber  iho«  »  p)*l?kml 
ttimiiIaU»n  of  these  serue  oreanf. 

Curare  Action. — Auer  and  Meltur,  1914,  found  thai  deep  ether  aneaiheiiiimAKB 
a  moUeraie  depreuion  of  tbe  motor  ending*.    Cblorofonn  doe»  not  bare  lahifitt 
(Githent  and  Meltser,  1914). 

Hosclei. — Alt  forma  uf  mutcle  are  depressed.  Clilorofotm  further  cauM*  a  V^ 
riioT  of  the  muide  when  applied  directljr  or  fnjecied  into  ^n  artery  (Kmamad.  dlfi 
CL  Bernard).    It  aUo  C0RKulute»  the  extracted  mutclc  prDicim  (Fuerth,  iM). 

Ureter. — The  contraciiom  are  depreased  by  chlotufuiRi  in  Uvlng  oniiBau, (*> IT 

Ao^ei  wh'ch  do  nut  aOect  Ihe  rn^uration  or  circulilioD  (Lucaa,  1906  and  Iff)).  ^ 

inhalation  of  chlocnform  therefore  relieve*  the  ureteral  tpasni  of  TtMt  afe._M* 

Stimulntcs  the  ronlrnclion^. 

,  Ciliary  movement  (as  in  the  tiog't  pharynx)  is  armud. 

The  narcotic  eSccls  on  infoMria  were  obsoved  by  CI.  Bernard,  1876. 

Phagocytods.— Thi»  U  stimulated  by  small  conecntratioM,  arretted  bf  ' 
(H.  J.  Harnbutcer,  ton).  The  ttlmulatlon  is  probably  due  to  asphyxia,  (locec 
or  carbon  dioxia  produce  the  ume  cdect  (Hamourger,  1^15). 

During  surgini  ether  ancsthcua,  a  tturotytesh  icia  in  nlowly,  odaally  alMv*'" 
(our  bouts.  It  concerns  nuinly  the  polynuxphout.  but  the  other  forms  arc  ^"' 
created.  It  appeora  to  be  due  to  iiimuUtion  of  the  tnwieinaitow.  The  phiffO™ 
activity  la  not  decrenaed.  even  after  four  to  ux  houra  of  aneatbeua  (F.  C.  m"- 
1916). 

Inplania  the  aatcolic*  abolish  protoploimic moveroenta;  cai»e  plain»oljll»; Ml^* 
the  giovi  movement*  of  (he  Srnniiive  Plant  (MimoM  piuUca),  etc.  Sml  ^M^ 
in<;rrn\<:  m<.-ubolIsni.  Kipcnutc  to  chlotoforn)  and  especially  to  clhet  TafMd**"* 
bloominR  (Keebte,  1906). 

Vcrmifuse. — Chloroform  has  beea  emnloyed  for  the  expulHon  of  tapcveev*:  "^ 
the  clletiiic  dosei  are  too  Irritant  and  to:dc  to  make  Its  use  advlaable. 

Antiaefiic  Action. — Chloroform  b  fairly  antiseptic  (Strafsmann,  i8S$;  Solkv**^ 
1801),  and  moy  be  uned  as  n  ptcservalivc. 

Ether  has  come  ioio  some  prominence  aa  a  surgical  antiseptic.  It  IsapplMas'^ 
prmea; and  for  flushing  the  peritoneum  after  perforation  (Soullsoux,  iftji.  SuK 
loift,  reports  il  os  satisfactory  and  generally  without  untoward  aflcr'«ffects«"^ 
^IcatJona.  He  injects  the  liquid  other  before  doting  tbe  suture*,  about  laat** 
adults;  30  c.c.  for  diSdren  above  one  year. 


Cutaneous  Irritation. — The  evaporation  of  the  volatile  aaolbtw* 
cools  the  skin.  Local  anesthesia  by  freezing  may  thus  be  produced  I* 
"Ethyl  Chlorid").  With  ether  and  especially  chlwroform.  the  ctwIsC 
b  succeeded  by  a  burning  sensation  and  rubclatlion.  If  evaporatia'''J 
prevented,  this  may  proceed  to  vesication.  Chloroform  i.<t  Iherefort"*" 
as  an  active  counlcrirritant  [linimattum  chtoroformi,  U.S.P. :  Chltfof"'* 
30,  Soap  Liniment  70;  B.P,:  Chloroform  50,  Camphor  Liniment  50).  T" 
irritant  action  on  mucous  membranes  is  even  more  violent.  ^ 

Gastro-intestinal  Tmct— The  inhalation  o(  the  anesthetics  B""**'^ 
lead.'*  to  nausea  and  vomiting,  probably  partly  oential,  ^lly  due  to  1**2, 
irritation  and  to  the  swallowing  u(  mucus.  Elhenzation  looie^  , 
slows  the  pasiage  of  food  through  the  alimentarv  canal  (Cannon,  ig^^ 
Pamis  of  the  inlfstintt  ocairs  commonly  after  Laparoiomict;  but 
mainly  due  to  the  operative  procedures  (Cannon),  although  Y.  ' 
son,  1909,  state*  that  ether  acapnia  may  also  produce  this  tcault. 
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The  oral  administration  of  ether  and  especially  chloroform  causes  con- 
siderable Rai^tric  irritalton.  In  milder  degree  this  produces  a  carmina- 
tive and  anodyne  effect,  which  is  useful  in  colic  and  dyspcj)sia  {Spirilus 
Aelheris,  5  c.c,  1 5 !  Spirits  Chlorofornii,  2  cc,,  i-^S ;  Aqua  Chloniformi, 
15  c.c,  43).  Spiritus  Aelheris  is  also  employed  as  a  reflcn  "diffusible 
sHmulant." 

If  <lhtr  it  token  iiiio  the  slomaeh,  it  is  tapidtv'  volatilised  and  larger  quantities  dis- 
tend the  organ,  SMnetimcs  so  much  ns  to  interfere  with  rcipiration:  h  may  even  pro- 
duce rupture  of  the  organ.  It  also  causes  considcrublc  local  irritation,  »nd  consequently 
a  lemporaTy  1eucocytosi«. 

Pupils. — These  furnish  valuable  information  of  the  efSeicncy  of  the 
reflexes  ^nd  asphyxia;  and  therefore  of  the  <Iepth  and  course  of  the 
anesthesia.  They  arc  dilated  in  the  excHemenl  stage,  with  ihc  light  reac- 
tion moderately  decreased.  This  dilation  cedes  with  the  approach  of 
anesthesia.  In  man  there  is  an  actual  constriction;  the  light- react  ion  is 
diminished  or  abolished;  the  eyes  are  turned  inward  and  upward  as  in 
sleep.  The  constriction  persists  throughout  the  anesthetic  stage  and  into 
recoverj'.  With  ether,  the  diameter  averages  3 ^  1041-^  mm,;  with  chloro- 
form, a  to  3  mm.  If  the  anesthesia  deepens  ihcy  usually  dilate;  with 
lighter  anesthesia  they  become  smaller.  However,  their  behavior  js 
easily  modified  by  rcHexes,  respiratory  embarrassment,  etc.;  and  should 
be  occasionally  ascertained  by  intentionally  changing  the  depth  of  anes- 
thesia. CoHslricled  pupils  usually  mean  that  the  anesthesia  is  light. 
DUatioa  may  either  mean  deep  anesthesia,  asphyxia,  or  reflexes  with  light 
anesthesia.  If  the  corneal  reflex  Is  present,  dilation  should  lead  to  more 
rapid  administration;  in  the  absence  of  reflexes,  to  lighter  administration. 
Sudden  and  extreme  diiatian  generally  signifies  dangerous  asphyxia.  Mor- 
phin  and  atropin  interfere  with  these  reactions. 

The  effect  of  anesthesia  is  idcalical  with  that  of  sleep  and  is  due  to  the  abolition 

of  thecwebril  impulses  wliith  Dormall^  inhibit  the  conslriclor  tone  of  the  oculomotor 
center.     .A.-^gthyjiia.  on  Ihe  olbcr  hand.  Jncreitscs  this  inhibition  ^Briiunstein,  1^94)- 

Tho  Pupillkiy  Reaxtioos  of  Aumals. — Theie  ate  somewhat  difiercnl;  ail  show  the 
dilali.jn  in  the  cicilcnienl  und  asph\-iiu1  sluges,  and  the  abtililion  of  the  li^bt  rciiex 
during  nneslhe^in;  but  the  nneslhetic  miosis  Is  witnessed  only  occasionally  in  doffi, 
never  in  cats  or  rabbits.  In  these  animals  the  pupiU  assume  a  median  iMsillon.  The 
frag'4  p«i|»l  IS  not  aflected  by  oneilhesia  (Nakiuawa,  jgio). 

rte  Corneal  and  ConiutKlivai  Rifitx. — These  disappear  very  late,  as  in  nil  mode*  of 
death.  CI.  Bernard  found  lh.1l  the  conjunctival  rellc^disappears  before  the  comc;il  in 
tthn  anmhesia  and  in  asphyxia;  whilst  the  corneal  reflex  disappeora  Hr^t  in  death  by 
cold  or  strychnin. 

Absorption  and  Excretion. — Chloroform  and  ether,  like  most  other 
chcmLcally  initilTercnt  vapors  and  gases,  arc  absorbed  almost  instantly 
from  the  lungs,  and  excreted  promptly  and  almost  quantitatively  by  the 
same  channel.  A  small  part  is  probably  excreted  by  llie  urine.  Absiirp- 
lion  from  the  stomach  and  rectum  is  also  very  prompt,  and  may  be  utilized 
for  anesthesia. 

RtUtitien. — The  percentage  of  the  anesthetic  in  the  expired  air  is  at  first  much  less 
than  in  the  inspired.  It  bc^ns  to  rise  after  two  minuict.  but  rcmninx  considerably 
beiow  the  inspired  even  aflci  ten  minute;  (BrcxUe  and  Widiluws,  1^6).  This  shows 
an  actual  retention  of  the  anesthetic,  which  is  reflected  by  ihe  )M.TCTntage  in  the  blood 
Bucknuuter  and  Gardner,  1907).  Ilarcourt,  i(>or>,  i'l.itct  that  at  iheemlof  half  nn  hour 
of  aneslbcsia,  alwut  one-third  of  the  administered  chlurofuim  has  remained  in  the  body; 
after  this  line  but  little  further  retcntinn  occurs. 

The  cxcrtSion  of  volatile  sncslhelics  Ihrough  the  lung^  is  a  merely  phjiical  process, 
■aalocous  to  their  evaporation  from  aqueous  solutions.  It  depends  more  upon  theil 
lolubuity  and  affinity  lor  water  than  on  their  boiling-point  <Cushny,  1910). 
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Tbe  c«tbr»^final  fliilJ  iiI«o  contaiiM  tnull  quantities  o(  ditonlonB  «|teB  lUi  1i 
Inhaled  (Hald,  lOll). 

Destniction  <a  Otlorofomi  in  the  Body.~A  &matl  amount  o(  cUoTofom  b  dccum- 
posed  in  the  lUsucs,  with  the  product  ion  of  chlorid  (excreted  by  the  tirine;  Zelkr,  iSSj), 
Uid  curboD  muiioxid.  The  quantity  ol  the  laltcr  is  loo  tiiwll  to  prodace  uqr  itPOt. 
This  decomposition  occiin  also  in  ihcd  blood  (Niclotix,  igio). 

Concentration  of  Anesthetic  in  Inspired  Air. — Tbe  anesthetics  exist 
in  the  bloini  and  tissues  mainly,  if  not  solely  in  ph>'sica]  solution:  Ihey  are 
therefore  absorbed  and  excreted  by  the  alveolar  blood  in  proportion  to 
their  concentration  in  ihe  alveolar  air,  until  the  whole  system  of  air-blood- 
tissues  is  in  equilibrium.  Since  the  cxchsnge  is  rapid,  the  quantity  of 
anesthetic  in  the  tissues  at  any  given  moment  depends  essentially  on  the 
concentration  (partial  pressure)  of  the  anesthetic  vajior  in  the  inspired 
air  (P.  Bert).  The  action  is  determined  essentially  by  this  concentration, 
and  only  in  a  minor  degree  by  the  absioiulc  dose  of  the  anesthetic.  A 
knowlcogc  of  the  concentratioDS  is  therefore  important. 

The  effective  concentrations  for  the  respired  air  have  been  determined 
experimentally,  mainly  on  animals;  but  they  agree  for  all  mammab;  and 
according  to  available  data,  also  for  man  (Bert.  1884;  Urcsscr,  1893). 

fioothby,  tqi6,  finds  the  "aneslhclic  tension"  (the  partial  preistue 
of  ether  vapor  which  maintains  anesthesia  indefinitely,  after  it  has  Uce 
established)  as  47  mm.,  equivalent  to  about  6.7  volume  per  cent. 

With  elher,  light  operative  anestliesia  can  be  maintained  with  about 
6  per  cent,  (volume)  of  ether  vapor  (18.5  mg.  per  100  c.c.  of  air);  deep 
narcosis  (abolition  of  reflexes)  requires  10.5  per  cent,  volume.  Tbe  fat^ 
concentration  is  11  per  cent.  For  chlorojorm,  the  corresponding  concen- 
tiations  are,  for  light  anesthesia,  1.35  volume  per  cent.  (6.8  mg.  in  too  ex. 
of  air);  deep  narcosis,  1.65  percent.;  fatal,  a  per  cent.  (Kochmann,  iijm*. 
The  anesthetic  zone  between  the  minimal  anesthetic  and  the  fatal  dose  i> 
much  wider  for  ether  (viz.,  5  per  cent.)  than  for  chloroform  (0.65  ucrcent.)- 
This  is  one  reason  for  the  greater  safety  of  ether.  Another  diaciCDOe  ii 
tliat  the  deep  anesthesia  can  be  maintained  almost  indefinitely  wilbetkt. 
whilst  chloroform  kills  within  one  or  two  hours  (Rosenfeld,  1806).  1^ 
time  Jattor  therefore  plays  a  part  especially  with  chloroform  (also  00  k- 
count  of  the  postanesthetic  degenerations).  On  the  other  hand,  tbf 
concentration  may  rise  momentarily  above  the  fatal  limit,  ance  tl*e  A- 
sorption,  although  rapid,  is  not  instantaneous. 

The  nbovc  figures  bic  those  of  Kochmnnn  and  hii  pupib.  The  older  mMliwwIi 
generally  gave  lower  numtien^,  probably  due  10  analyliul  errors.  Tho*.  SpcWA 
1S94,  staled  the  elective  VQlume  p«r  cent,  ul  elher  ai  3.$  per  cenl.;  (atal.  6  per  ch^ 
for  chin  rotorm,  Roscnfeld,  1S06,  named  i  percent.  bi  aneitlietic,  1.65  percent  utitil 
The  variiiiis  te^ulis  urc  collared  by  Rlticliel  and  Stance,  1S03. 

Coacentration  a(  Chloroform  in  Praclical  Anesthesia. — For  induciafi  Anestboi. 
I  per  cent.  chlQioform  \;ipor  is  inEiifiiiricnt:  i  per  cent,  ix  BeoeraUy  efiecUve;  («*  liu 
this  must  be  used  in  pathologic  condiiioos,  but  re^iuires  &  loDccr  Urac  to  ctUUfafcMf 
cosii.  Even  3  per  cent,  may  lie  neccnory  in  cxceptiouil  cue*.  'ITie  miriniy  B** 
cf  5A(etyia  placed  at  1  percent,  by  Waller;  st  i  to  1.5  per  cenL  bv  EmUey.  Thorfv^ 
a«  soon  as  ancsihesiii  is  reached,  the  coacentration  muit  be  gTMUallj  noaccd  lo  >  F* 
cent.,  and  atler  halt  an  hour  even  lower  (Alcock.  igoij;  Levy,  1910). 

Even  perfeclly  adjusted  miiturcs  are  not  alwolulely  »«le,  la  practice  Ifct  iw*" 
veoiences  of  exact  vapor  mixtures  ^rc  gent.'ral]y  held  to  outwngh  their  sdnau^ 
However,  the  above  figures  a.rc  fairly  nppioiimated  in  the  onlinafr  nwUiocb  of  aJii'M 
tntion.  Thi  air  under  Ihe  ordinary  nt-nk  hfi<>  licen  found  to  contain  KcnuaUyfnii''* 
»  per  cent,  |^l  chloroform,  and  with  rapid  application,  up  to  4  per  cent.  . 

ConccDlration  of  AneslhetiCG  in  Blood  and  HMnies.— Thii  bus  been  (nvtWipW 
especially  by  Nkloux,  1906  to  1908;  TiMot;  Mansion  ftnd  TIsML  im6;  Siald,n"- 
According  to  ihe&c,  the  ortcriol  blood  coniains,  with  uimplete  aootlicm  a  diknMA 
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'OA^  la  0.05  per  icDi.  (0.014  to  0.01S  acxordiDg  lo  Buckmutei  uid  Gnrdncr):  of  ether, 
atf  to  0-4  ptt  cent.  At  death,  the  thluroform  COD'CeciUalion  nvctugrs  o.oA  per  ceal. 
(e.06  ftr  cent.,  fohl;  0.04  percent.,  liitckmiisler  nnd  OnTttner);  clhrr,  0,16  to  0.1;  per 
cent,  riir  eoorcntralinn  of  the  venous  blood  is  somewhat  lower,  since  the  nncsthetic 
it  given  oS  to  the  tissues.  This  diffctcnce  is  of  course  rspecially  litrnc  brfore  eijuilibrium 
b  rcachet).  The  left  heart  i^i  therefore  exposed  lo  a  higher  coneentriitiuD  than  the  right, 
especially  if  the  anesthetic  is  "pushed"  (Pohl.  1891). 

The  dutribution  of  the  chlaroform  in  the  tissues  h  rrUlrd  10  tlicir  conlrnt  of  lipoid 
HBiAtter  (Krison  and  Nklou.x.  H)07l:  cijieti^illy  of  choleiterin  and  lecithin,  in  wltich 
'dilarofurm  is  much  more  si>lulj!e  than  in  water.  Blood  thcicforc  .ttnortn  eonsidn- 
•Ujr  more  tWorof.irm  thnn  dors  wilt  wluli<.in;  nnd  (he  pcrccniajjc  h  two  and  oiie-half 
toelsht  times  jtreater  in  the  red  corutiscles  than  in  the  plasma  {I'ohl.  1891;  Niclou«, 
LiQoG;  Iluckmoster and  Gardner,  11)07); twice » great  in  brnin  (0.057  percent,  at dc«th) 
'Uan  in  liver  or  muscle  (o.ojiV  |icr  cent.).  Adipose  tlfAucUa  curlouii  exception,  since  it 
contains  no  more  than  muscle.  Waller,  1004,  state*  that  onI;i- 15  peccenuof  Ihechloro- 
form  when  added  to  blood  can  lie  recovered.  With  rtlicr,  which  has  a  relatively  ^mnller 
ftfijoily  for  lipoids  the  pcreentiiitcs  in  M  the  tissues  are  practically  equal  (Nidoui). 
It  should  be  added  that  Guenler  and  lloclstiicr.  1006,  contradict  these  itatcmcnl<  of  the 
French  observers,  and  claim  th.it  there  is  no  difEerence  in  the  pcrcrntaRC  i>(  clilorofonn 
In  the  blooil,  bruin,  liver  and  Itidney;  provided  thai  the  inhalation  of  a  given  concen- 
tration is  kept  uniform  until  equilibrium  becomes  eslabliihcd. 

Elimination. — ii'h'.n  the  anetlhdic  h  diaanlinueit,  the  greater  pari  Usappntn  arry 
•cpliUy  jtom  ikt  blend:  Wlililn  live  minutes,  the  pcrcentuKe  of  ether  or  chloroform  has 
fmUcn  to  one-half.  Tht  Snal  diminution  is  more  gradual;  With  ether,  Ihcic  are  trace* 
in  two  hours  hut  not  in  lour  hours.  With  chloroform,  the  concentration  fnllt  to  only  a, 
:v«nth  in  three  hnut?,,  and  traces  arc  present  even  \a  seven  hours  iNicIoux). 

Biber  on  Uiine  Flow. — This  i=  diminishtd  duria^  the  unesihesia  (c  s.,  Ilawk,  1011; 

[,  1912;  MacNider.  11^13).  presumably  by  the  altered  circulation  and  perhaps 

(he  irrilalion.     (Kemp.  iScjo.  described  contraction  of  the  renal  veMles  with 

■d  kidney  volume;  but  according  to  Buiton  nnd  Levy,  this  occurs  only  in  o%fer- 

ftnd  then  as  a  part  of  the  general  ciiculalory  disturbance.)     At  soon  a»  the  ants- 

I  lermlnaTed.  the  How  intreisfS,  the  output  beini;  above  normal  for  Mveral  days. 

"The  specific  jfravity  ii-  also  increased.     This  daurcjis  is  proportional  lo  the  duration  ot 

Uie  anesthesta  (W.  H.  Thompson:  Hawk,  igoS,  iqii,  doijs;  PrinKic,  Maun.Bell  and 

PrinRle,  human.  1905).     In  surKica!  piticnti.  ihc  urine  output  is  often  dinuflished  by 

,t«3trirtion  of  the  wnlcr-lnlAke  (Epstein,  Rei>5  nnd  Branower,  1016). 

Ether  on  Nitrogen  Excrelion.^This  Is  diminished  during  the  aochthesia  (Pringle, 
1005);  it  is  then  increased  for  twenty-eight  to  forty-eight  hours,  depending  but  slightly 
on  the  duration  of  the  nncsthcsia.  The  total  increase  may  amount  to  4>  per  cent.;  but 
b  generally  f  mailer,  and  therefore  much  less  than  with  chloroform  (Hawk,  uyyti). 

Btber  Glycosuria. — Ether  anratheia  sometimes  causes  temporary  hyi>erglycemia  and 
([lycosuria  (animnls,  llawk.  11^04;  Shaffer.  1914;  human,  Roehricht,  1005).  They  occur 
alio  on  intravenous  injection  (King.  Moyle  and  Ilaupt,  i'>i3).  They  arc  due  to 
increased  hepatic  glycogccol>-5i?,  for  they  do  not  occur  if  the  liver  is  excluded  from  ths 
i  Ci'culalion  (Kine  and  civ workers,  igii);  and  arc  more  intensive  in  well-fed  do^  than 
'■in  fastinic  (Hawk.  1911).  Tliej'  occur  after  division  of  the  splanchnics  (King,  ctc^ 
iqii).  Ether  nnd  nitrous  oxid  alw  increase  the  glycosuria  and  D  -S-  N  (alio  la 
pihlorhian  dinbctcs,  the  extra  sugar  being  derived  from  glycogen,  probably  through 
tissue-asphyxia  (Sansumand  Woodyatt.  iQlO. 

Ilawk.  191 1,  attributes  the  ether  glycc^uria  to  dyspnea.  Grube.  tijii,  believed  that 
tbe  cooling  wa<  a  factor;  but  Rofs  and  Hawk,  1914,  nnd  that  the  glycosuria  is  not  du« 
l»(»lt  of  temiH'ralure,  Vtoss  nnd  McGuigan.  191;,  claira  3.  direct  action  of  the  ether, 
■Dd  that  osphy^iia  and  eicitemcnl  ate  not  essential 

Kenal  Iiiitation.— Postanesthetic  albuminuria  occurs  in  about  one- 
fourth  of  etln;r  anesLliesias,  and  about  one-third  of  chloroform  (Wunder- 
lich).  Tube  casts  arc  also  common.  With  prcs-iously  -sound  kidneys, 
the  renal  irritation  usually  disappears  in  a  .short  time.  In  patients  with 
chronic  nephritis  there  may  be  fatal  suppression  of  urine;  but  palienW  with 
feme  albuminuria  are  often  etherized  without  bad  effects.  Chloroform 
ft  apparently  somewhat  more  injurious  than  clhcr,  but  the  difference  is 
not  very  marked. 

Aeelonnria  is  alio  verv  frequent  after  ether  or  chloortorm  sneathcsia  (E.  Bcckel, 
18951  Beesly,  tgoti;  Marshall  and  Kowniree,  igib;  ethyl  chlorid,  TelroCd,  1906;  even 
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alter  local  cocain,  Gundrum}.  With  ether,  it  Unot  Riucbinflunicedfay  thedimtioaof 
Iht  Bamhr>>»;  fnslinu  may  he  a  fa<:Io[  (Cliullunl.  191:).  Il  b  more (iHinDoa  witk Ike 
clMCd  than  with  the  op«n  melhodt  of  administration.  Children  mre  mofc  HIKvplitb. 
Blcaibonatc  bat  hccn  advised  u  pr«phytiictlc. 

Addosis. — Ktli«r.  dilorotonn  or  nitrmis  oxid  anc*thaia  mny  reduce  the  nlhtJM 
hydrojcn  ion  concentration  of  the  blooti  lo  neutral  (,ll  ••  T),  proporlloB*!  l»  the 
depth  and  duralivn  ot  thc<  anctlhtsia  (Mi-nlen  naii  Ciile.  iQiS)* 

Phenjrlphthalein  Output. — The  "functional  cnpncitf"  of  the  kidnev,  at  awBiuMd 
by  ibis  test,  i*  K<"nt"''illy  somewhat  decreased  by  ether  ane«lhcHa.  Tne  cScci  J*  Ik 
fi;icnti-r.  (be  lungi-t  tin'  :iii<?3lb(-iia..  The  oulpul  ii  luivcst  soun  after  the  operaiMB, 
lelurning  lo  normal  in  Iwenly-tour  to  forty-eight  hours.  KiccptioDally.  ll*cre  ns»y  Ib 
nodecre^ise,  but  even  an  increase;  or  I  be  dec  reuse  may  be  very  I  i»rite-  It  hiis  nnrelalien 
to  albuminuria.  All  shock  and  cullniMc  conditions  lower  the  phthalria  outpat  (R.  H 
UillcT  and  Cnbot.  1915;  Epstein,  Krj*s  and  Uranowcr,  1916).  Whipple  and  Spnd, 
lOi ;,  also  found  the  phlhatctu  output  lowered  after  ctbcr,  paraldehyd,  cfaloeal.  cUor» 
(orm  or  alcohol  anesthesia.  They  obrcrved  thot  Kclc't  fBluIa  produiced  lowered  output, 
as  aiso  phosjihorus,  .inil  thcrctiirc  fltiributc  the  cUcet  to  disturbance  <4  liver  tuncthn. 

Anesthetics  in  Experimental  NephritlK. — In  dugs  rendered  polyuric  and  glyraiwic 
by  tubular  uruiiiuin  ncphrill;.  MacNider.  1913,  found  chloioform  onatbcua  muck  iiiMC 
damaging  than  ether.  In  full-grown  unlmals,  chlnroforrn  promplly  arratcd  tb  uHnr 
liow,&<>  that  it  would  not  res[K>n<j  todnirciio;  il  made  Ibc  nbtoloitic  teslom  macliBaie 
marked.  Tlie  damage  was  much  less  in  yoiinR  anireals.  Ether  produced  but  litlle 
effect  even  in  adults.  (Young  puppies  arc  remarkably  tolcnuit  ali>o  lo  the  other  daifen 
of  cbtornforin;  Whipple,  tijii.) 

Chloroform  on  Urine  Flow.— In  inao  this  diminiahe«  Meodily  during  aneflkaa 
(Bover.  1909).  AntmaU  also  usually  show  thi^  decrwite.  due  to  threUiw  blood  ptEBUre 
with  liiminisbcd  kidney  volume  (Thom«iin  and  Kemp,  1399).  TbompioB,  I9»6,  oftta 
observed  increuied  rliureiis  in  Iheeurly  stages,  iind  invariably  after  recowery, 

Chloroform  on  Nitrogen  Metabolism. ^Chloroform  nocitheidn  I'ltcmuM  tie  uul 
nitrogen  eicrellirin  (cspcci;i.lh'  in  carnivorous  animaU),  and  the  ammoRJa,  alluliai. 
diamino-acids,  poltiM'^lids,  ereiitinin  and  oig^unic  sulphur.  It  Jetreastt  the  cicmiM 
of  urea  and  of  monammu-ncids  (^Ira^mann.  18^9;  Salkow«ki,  1889,  Nod  Paioo.  1891: 
Vidal,  i897;Rci5tol;i,  1901;  Ilowtandand  Rich.\[ds,  ioo9;LbdMy,  191  il.  TbeioemK 
persists  tor  some  da>'s  nnd  may  amount  lo  jeo  per  cent,  Tbeie  changes  inAoiU  a 
inr.reiiTed  dtilriuliirn  bul  inrotnpUU  oxidallfti  oj  Iht  pralritis.  They  arc  HsUlar  lolho"' 
pbospbrirus  poisoning,  iind  probably  dq>end  on  the  bcpalic  Itttoos. 

The  fliloriil  mrreliiin  is  inctensed  durini;  ;ind  after  the  oneithena. 

Chloroform  Glycosuria. — Thb  is  quite  common  in  ordinar>-  ancMheiai.  TU 
disturbance  is  prolxiljly  analogous  tu  ether  (hyperglycemia;  V..  L.  Scoil,  1914I  bulwx 
profound.  There  is  some  dispute  as  to  whether  other  reducing  subtlaace*  Wit* 
dextrose  are  present  (Hawk.  1911).  Chlomform  diminishes  ibc  toterance  tofalicUii 
and  Icvuloec  (.Marshall  and  Rowntrec.  1915). 

Delayed  Chloroform  Poisoning  {Postanesthetic  Toxemia).— TTie  pro- 
longed administration  of  cliloroform  is  often  followed  by  fatty  degcmn- 
tion  of  the  liver,  heart,  kidneys;  leading  to  profound  toxemia,  \x>itiilBf. 
prostiration,  icterus,  and  coma,  which  is  often  fatal.  These  resultsarc^'KJ' 
exceptional  w-ilh  ether.  Postanesthetic  toxemia  i.t  especially  comraon  «iii 
children;  and  in  patients  uith  acctonuria,  diabetes,  hepatic  diMtdtft 
(Hildebrandt,  1913),  cyclic  vomiting,  rickets,  or  wasting  diseases. 

Symploms. — The  importance  of  late  chloroform  poitoniTtg  secnw  to  have  b«*«5i* 
recopiiied  Viy  Kevaii  and  Favill,  1905;  (litbough  easea  had  licen  reported  preiioiil' 
The  symptoms  start  after  len  to  one  hundred  nnd  iAly,  generally  twcnty-loui  I*  htj" 
cieht  hours;  the  intervening  time  being  indisthuuuhable  from  the  Bonnil  CMt*; 
They  consist  in  profuse,  sometimes  i  nccssant  vomitl&s,  6irtt  villous,  then  Uood-iti^n 
excitement  and  delirium,  alternalins  with  apathy  and  prDStratioo;  ililaud  Jftl*" 
rapid  puIk;  icterus;  unconsciousness  deepening  into  coma.  DentJa  occur*  is  lour  to  ^ 
i\ayi  (Herb,  1911), 

The  btood  Kcneratly  shows  retention  ot  non-protein  nitrogen,  urf«  and  atiMifi^ 
similar  to  phosphorus  poisoning,  though  less  intensive  {V..  K.  Manhnll  aad  Rovtf'K 
1915}. 

A  natomU  Ltiioni  in  Ihe  Lmr. — Theie  consist  m  exlenijve  vacuolmtion,  lauyaVj' 
cntion.  iwelUng  nnd  necrotis  of  the  cells,  espctijllv  about  the  central  vein*  'X'olfcMP^ 
1866;  Ungar  And  Junker;  Wclb,  1906;  Huwknd  and  RIchanb,  19391  VlHtfit  **'' 
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.  iQog;  Ileib,  1911).  The  IcUrue.  the  diuppcuanre  of  fibrinogen  from  the 
(lie  •iiimnulion  uf  liver  lipue  nith  increue  of  plaimu;  kidney  uid  nUKlc  Upuc 
a,  igi5j;  the  ticlayof  the  biUnry  excretion  oi  iihcrtdlrtmchlorphthalein  (Wup- 
iBJnd  pupils,  1913);  tlic  chaitjtrs  in  melnlioli^in;  and  thtr  occasioiuil  •ici/ufrence  Ol  leuon 
md  ^TOsii),must  be  tefcncd  largely  (<>  the  heiiatic  lef^ionf^  nnd  ate  nnalogouit  to  acute 
ydlawatrophy  and  to  phosphorus  iHilaijiiinK.  H.  G.  Wclki>ugge«lt  Ihnt  theyaredue  to 
chockiiw  of  the  synthetic  processes, '^•'lilst  thenutolyti(;ai:livil^i5unimpairecJ  (Quban). 
(Luge  aoaa  of  other  anesthetics  (iiicth/me,  Sollmiiiin)  cnuse  nmilnr  dcKcnenilionO  In 
aninuls  which  recover,  the  liver  changes  icml  to  letiirn  lo  normal,  even  wlien  there  has 
been  extensive  necrosis  (Whipple  and  Sperry,  iQog).  Mosimun  and  Whipple.  loi;. 
found  thnt  puppies  mil  feii  nre  less  subject  to  the  hepntic  necroRi;  and  that  pigeons, 
(raraiind  Irriiiniii  scrm  lo  be  immunt. 

^Balologic  Changes  in  Other  Organs. — -These  are  alxo  important.  I'alty  and  desen- 
crative  changes  nre  seen  in  the  epilhelinm  of  the  straight  and  convoluted  tubule*  of  the 
tddncyt  (Howlandsnd  Kklvards;  Appcrly,  191 2);  in  the  pancreas  (Whipple  and  Spertyl; 
ID  the  supraieaal  cortex  and  other  glands  of  inlernul  secretion  (Sca^lione,  igtj/. 
Involvement  of  the  heart-muscle  sometimes  domiDatcK  the  Bymptoms.  Dcfteneration 
o(  the  cardiac  ganglia  has  been  drscribed  {Strassmann,  iS'jS).  Sinull  hemorrhagic  foci 
wtisl  in  the  jpistro-in  test  inn!  tract,  mesentery,  pleura  and  pericardium  (Herb).  These 
luttologic  lesions  cnn  be  produced,  es|>ecin11y  in  >'iiunK  do^A.  by  rhliiroforro  nnesthcna 
lastinff  two  hours  (Whipple  and  Spcrry.  igogi  Whipple  and  Hurwiti,  roii).  KepCBtcd 
chloroform  anesthesia,  with  rabbits,  nioduccs  degenerative  change)  also  in  the  central 
MTii'e  cells  and  those  of  Auerbiieh  and  Meissncr  pieiu!,.  So  do  many  other  praions,  but 
not  ether  (Li!iMuer,  IQI4). 

Cra)^  and  Hull,  loti,  point  out  the  smilaiity  of  the  late  chloroform  phenomena  lo 
tdcmpiia,  and  suggest  that  chloroforni  would  be  much  more  injurious  thari  ether  in  thin 
condition. 

UcCrudden.  igi2,  finds  that  chloroform  is  more  apt  to  produce  fatly  chiiiiKeA  uf  the 
rabbit**  heart  after  nefhrtflomy.     Ether  docs  not  do  this. 

JUUiioa  to  Acidom. — Lesious  resembling  delavcd  chloroform  poisoning  occur  in 
many  in  toxica  tions.  among  others  in  acidosis.  Grahum,  luis,  assumes  a  causative  rela- 
tion. He  points  out  that  the  oiidntion  of  chlorofnrm  and  other  analogous  hatogcn 
compounds  msy  lead  to  the  production  of  HCI,  and  believes  that  this  would  produci 
addoMi.  and  thu*  the  dcgcnenlive  changes.  It  has  never  been  shown,  however,  that 
Mich  oiiilation  actually  take*  pl.KC  in  the  body,  especi.'tlly  to  a.  degree  that  \fould  over- 
come the  very  ciTicienl  defense  mechnnisms  neulrnll/^int:  acidity.  It  Is  also  difficult  lo 
explain  away  the  observations  of  similar  degenerDlions  niter  chloral,  uretboae,  ether, 
pwmboruit,  etc.,  which  certainly  arc  not  oxidized  to  acid.^. 

EtptHmmlal  UtpatU  Cirr Aojfj.^This  occurs  alter  repeated  administrHtioDS  of  chlo- 
roform (Mcrtens,  iSqO;  Herter  and  Williams,  1905).  It  is  favored  b^  the  presence  o( 
bncteri.1l  infections  and  may  then  proceed  to  acute  yellow  atrophy  (Opie,  igio). 

JnMiTenous  injection  of  eQief  (larRe  iloses  in  rabbits)  causes  destruction  of  liver 
tilSue,  with  e.ilcn.sive  thrombus  furmati.m  (prevented  by  leech  extract).  The  mechanism 
i*  evidently  altogether  tlitTerent  from  ordinary  chloroform  degeneration  (1..  I.ocb,  1906; 
Loeb  and  Meyer;,   iqio). 

R^Mted  Anesthesia  on  Growth. — Schapito,  igoti,  found  marked  retardation  in 
yoniut  cats  ancithctiied  every  morning  and  evening  (or  forty.cight  day.  When  thiii 
«W  eD)Conlinued  the  animals  caught  up,  at  least  partly  mlh  ihe  controls.  The  ellcct 
therefore  hai  no  practical  importance. 

Ottier  After-effects  of  Anesthetics.~-These  are  mainly  due  to  the  irri- 
tant action,  and  may  therefore  occur  with  cither  anesthetic.  They  may 
be  recapitulated  a<i: 

Gaslric  iTrUalion,  Naufta  and  Vomiting. — Almost  univers.al;  varies 
with  duration  of  anesthesia;  leas  with  open  methods. 

rym/Mnifcs.— Especially  after  abdominal  operations;  the  anesthetics 
arc  only  contributory. 

Renal  IrrUalion. — About  equally  frequent  with  either  anesthetic. 

Aspiration  Pneumonia. — More  frequent  after  ether. 

CHOICE  OF  THE  ANESTHETIC 

Thisisdetcnnincd  by  the  particular  conditions  of  the  patient  and  of  the 
operation.    Safety  should  be  the  first  con.tideratjon;  hut  the  depth  and 
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duration  of  ancsthc^a,  the  comfort  of  the  patient,  and  the  convenictin  rf 
the  operator  are  atao  very  imi)i>rlant.  The  principal  anesthetics  which 
deserve  considenilion  are:  General  Anesthesia  by  ether,  chlorofom, 
nitrous  oxi<l,  or  ethyl  chlorid,  with  or  without  morphin  and  »CDpolanuii; 
Spinal  Anesthesia;  and  Local  Anesthesia. 

For  short  operations,  local  anesthesia  by  cocain  or  similar  dru)p,  or 
by  freezing  should  be  preferred.  Where  these  arc  not  practical>le,  nitroos 
oxid  or  ethyl  chlorid  are  used.  Nitrous  oxid  is  the  safer.  It  is  pncUcaUjr 
devoid  of  danger  in  short  anesthesia. 

For  longer  operations,  the  advanta^s  of  generat  anesthesia  outvd^ 
the  disadvantages,  as  compared  with  spinal  anesthesia.  Chlorofarm  ts 
far  more  dangerous  than  ether  or  nitrou.t  oxid;  although  with  praclic^ 
experience  the  acute  dangers  may  be  greatly  reduced.  The  chief  im- 
mediate risks  arc  in  the  induction  period.  The  danger  of  postaneiithetic 
toxemia  makes  its  employment  in  prolonged  operations  almost  criminal. 

Advantages  of  Chloroform.— Its  continuance  in  practice  is  due  to  ht 
convenience  fur  patient,  and  operator:  Its  action  is  much  more  rapid  tha 
that  of  ether;  it  induces  the  most  profound  anesthesia  and  rclantJoo; 
it  does  not  have  the  disagreeable  taste,  causes  less  suffocation,  less  excite- 
ment, and  less  postoperative  nausea  and  vomiting.  These  disagieeaUe 
features  of  ether  can  be  largely  avoided  by  proper  administration  ipn- 
liminary  gas,  and  open-drop  method).  At  their  wornt,  they  are  not  enou^ 
to  offset  the  dangers  of  chloroform.  These  should  only  be  risked  in  cnO' 
gencies;  when  prompt  anesthesia  is  imperative;  in  brain  surger>',  atbff* 
oma  and  aneurism,  where  the  lowered  blood  pressure  is  ad\'3Uitageous;aad 
possibly  on  the  battlefield  to  increase  speed  and  lessen  bulk.  It  has  U 
advantage  over  ellu-r  in  renal  disease,  and  but  little  in  respirator)'  diKasei 

Specific  Contraindications  to  Chloroform  arc:  advanced  heart  discus 
Graves'  disease,  hemorrhage,  prolonged  operations,  and  the  coaditioitf 
which  favor  acidosis. 

Chloroform  in  Obstetrics. — It  is  quite  generally  believed  that  the  use 
of  chloroform  in  childbirth  is  relatively  safe  (J.  Hill,  1916).  This  is 
explained  partly  by  the  lesser  apprehension  of  the  patients,  and  parlh'lqf 
the  light  degree  of  anesthesia  or  rather  analgesia,  which  ordinarily  5afficd> 
For  deep  anesthesia,  it  is  probably  quite  as  dangerous  as  in  other  patieatt, 
and  presents  the  added  disadvantage  of  delaying  labor  and  thus  favorinj 
postpartum  hemorrhage.  The  analgesic  dosage  docs  not  cause  serioa 
delay.  The  anesthetics  pass  into  the  fetal  circulation  (Jung,  I9i4);uil 
prolonged  anesthesia  is  doubtless  as  injurious  to  the  child  as  to  the  molhn- 

Chloro(oim  Analgesia. — A  light  chloroform  nncsthaln  b  used  to  dull  the  exdUtS^ 
of  the  centrnl  ners-uus  system,  in  pain  or  inxomnia;  and  to  cktdk  MmnUiotu,  at  tl>>Mt  * 
Strychnin,  tcUnu;,  or  eclampsia,  ll  is  csppmlly  useful  in  the  onset  of  these  CooditiM*^ 
when  the  convulsions  arc  fully  developed  it  must  be  uicil  cautioudjr,  to  amid  uphyc*' 

For  the  [iroductioD  of  the  light  ane^lbe^iii,  chloroform  U  prcftmd  to etkcf , bicc ![ 
eiui  be  mort  easily  tcguldled,  and  its  ctlccts  arc  more  luting. 

A  very  deep  degree  of  nnescliejia  is  employed  in  rtducin^  ditloealimu,  to  nbil* 
tone  of  the  •■(iposing  muscles.  ' 

Ether  is  probably  safer. 

Etiiier  and  nitrous  ojdd  are  practically  equally  safe  in  odinaiy  e»so> 
Ether  has  saieml  advantage.^:  it  is  more  easily  administered;  it  gives  »"* 
complete  relajtation,  less  asphyjcia,  and  less  rise  of  blood  pressure;  so  I^' 
the  condition  of  the  rcspinilion  and  circulation  are  more  nearly  noni*- 
Its  administration  is  simple  and  does  not  require  as  much  expcrieaai 
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ether  being  perhaps  the  safest  ancslhelic  for  long  operations.  The 
disaKreeable  features  of  its  administration  can  be  prsttiially  iivotiled  by 
skilliul  udtninistration.  The  advantages  o(  nitrous  oxid  appear  cspcdaJly 
in  the  cases  in  which  ether  is  specifically  contnimdiciitcd. 

Contndndications  to  Ether. — The  irritant  action  contraindicates  its 
use  (and  also  that  of  chloroform)  in  remd  tltsrast:,  and  in  aaUe  resbiratitry 
Hmmc  (colds,  bronchitis).  In  these,  nitrous  oxid  is  preferred,  although 
ether  is  often  employed  without  damage.  Chronic  respiratory  disease 
iii  not  a  contraindication,  unless  there  is  actual  dyspnea  (ctnphjnsema). 

Children  are  especially  subject  to  ether  irritation,  resulting  in  respira- 
tory embarrassment  and  choking.  Ether  Javors  bireding,  especially  in 
parts  in  contact  with  the  vapor;  it  is  therefore  not  popular  for  operations 
of  the  mouth  and  larj-nx.  In  brain  tumor  or  atheroma,  ether  and  especially 
nitrous  oxide  may  produce  apoplexy;  local  or  spinal  anesthesia  should  he 
preferred.  Advanced  heart  disease  makes  all  anesthetics  more  dangerous, 
la  this  respect,  ether  and  nitrous  oxid  are  about  equal;  both  »liould  be 
preferred  to  chloroform.  The  danger  is  proportional  to  the  myocardial 
aegcncrttUon,  rather  than  to  the  valvular  lesion:  With  fair  compensation, 
ether  can  be  used  safely;  indeed,  the  circulation  may  he  rather  improved 
during  the  anesthesia.  In  advanced  fatty  degeneration,  it  is  better  to 
employ  local  or  spinal  anestiiesia.  In  hot  dtmales,  aI)ove  (j^j^F.,  ether 
is  vaporized  so  rapidly  that  its  use  by  the  ordinary  methods  is  dilTicull. 

Nitrous  Oxid.^This  is  the  safest  anesthetic  for  short  operations.  If 
the  anesiiiesi.i  lasts  longer  than  an  hour,  it  becomes  somewhat  more 
dangerous  than  ether  even  in  the  hands  of  experts;  and  much  more  dan- 
gerous if  experience  is  limited  (Bevan,  1915).  It  is  more  pleasant  to 
lake;  it  causes  no  irritation,  and  but  little  excitement  or  gastric  disturb* 
ance.  It  has  little  or  no  influence  on  immunity.  There  are  practically 
no  after-eflects.  According  to  Crile,  it  lessens  the  tendency  to  shock. 
It  isespeciallyprcferredforBhortoperations.and  for  excitable  and  neurotic 
patients.     Old  individuals  are  good  subjects. 

Disadvantage. ~Gn  the  other  hand,  the  muscular  relaxation  Is  1cm 
complete;  it  causes  more  or  less  asphyxia  and  abnormal  rise  of  blood  pits- 
sure;  it  U  exj>enMve;  and  il  requires  si>ecial  ap|>araius  and  special  exfieri- 
ence  for  its  successful  administration.  It  is  not  appropriate  for  children 
under  three  years,  since  their  thorax  is  too  feeble  to  with.*tand  the  asphyxia. 
ObcM  or  anemic  patients  are  also  unsuited  to  all  anesthetic  methods  which 
interfere  with  respiration. 

Statistics  of  Anesthetic  Mortality,^ No  rctlnlilc  st^lislics  of  ^utTidcnt  extent  can 
be  available  until  tliir  rc^rline  of  \sll  nnesthciius,  ^omi  and  bud.  I&  cumpulbory.  Evrn 
tbcD,  ihoratiaot  "had  risks''  wiil  iie  iiKicfinile.  'the  existing  itatisiics  tlwrefotc  fiive 
onlykfOUgh  i<Icn  of  ibc  rclHtivc  lUn^cii  ^ut  &in<c  tlicy  Hgice  faJtly  well,  they  are  worth 
COmderiog.  Modtrn  Amc tiiLtn  statistics  ate  civcn  by  Gu*athmi'>*.  101 1.  Accordinic 
ti>  the  various  compilations,  the  ncute  mortality  for  fWuri'/orm  U  given  as  i  :  1,000, 
I  :  »i075,  s,So<^  i,°oo,  3,000.  3,500,  3,;oo,  5.900;  a  fair  estiirinlc  would  seem  to  be 
1:3,500.  Tliinlousnot  take  account  o(  the  delayed  deaths.  V 01  tllwT.  the  figures  run 
,1 :  s, I oo,  14,000,  \^,(ioo.  16,500,  16,800,  33,100: the  nvcrngc  would  ticpcthapt  t:  16,000. 
For  A.C.R.  miiture,  the  ratio  Is  i  :  3,370;  for  dhyt  bramtd,  i  :  5,400;  tor  ethyl  cUorid, 
1 :  j.ooo,  7,000;  for  nilToia  oxid  in  short  operations  (dcnlislry),  less  than  t  ;  5,000,000. 

Aoestfaetic  Matures. — The  allempu  to  blend  the  actions  of  anesthetics 
by  mixing  them  have  been  unsuccessful,  mainly  Itecause  the  ingredients 
do  not  volatilu'.e  with  equal  rapidity  (Snow).  The  composition  of  the 
inspired  anesthetic  is  therefore  absolutely  uncertain.  ,\n  a  rule,  the  con- 
ccotiation  of  the  chloroform  increases  during  the  administration.    These 
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mixtunrs  arc  therefore  ut  least  as  dangerous  as  chloroform,  and 
be  condemned  (Kochmann,  190J). 

The  principal  mixtUTM  of  thit  type  are  the  Engliih  A.C.B.  tnt^urt,  introdMCtd  bj 
Harley  [Ai;  C,;  F.,);'  Billrolh  mii/HM  (Ai;  C;  K,);  C.  F..  mixluit  0/  ItevUl  (C,;  E»); 
Schlrieh  mixlurt  ibendne  i  :  Ci:  Km).  Other  mlxtuin  containing  ethyl  chkirid  «r 
hmmid,  etc.,  hnvr  nlio  fnund  aiivacalo^.  The  alcohol  and  benxinc  of  tbcac  nuilutn 
were  iiiicriijcil  mnirily  14  rnisc  or  lowtr  the  Ixiitiac-ixiiul.  but  bcnslne  i<i  not  indifl«nsi. 
The  itaicmcnt  of  Sthaetcr  and  Scharlicb,  ihat  the  ndditiun  of  10  pet  cent,  of  akbhol  la 
chlorofiirm  prarlicRlly  prevents  the  fall  tif  blooij  ]ircs>uie,  need*  confirmatMO.  Ilmr- 
e\-er,  there  seems  to  be  some  cciinbination  belneen  ether  and  chlurofomii  for  oa  laiilai 
equiil  volume  fjs  c.c.)  the  tempsiaturc  ii  laid  lo  rite  14'C.  (Marcdel,  1911). 

Synergism  of  Ether  and  ChlorofarTn.^H'iniHniuiin.  1800,  «nii  Kliinia  and  Krocai^ 
looj.  believed  thai  there  is  cun^^idvni^Ie  poleniiation  when  tlie  vaponol  elhcr  and  cUo- 
rofcirm  arc  used  together  in  dchniic  pri)|>or lions;  while  Madclui^,  tgto,  and  Bi*n^ 
iQio.  found  only  Hrn[.ite  svimmalion  IFucIincr.  1913,  aliu  for  tnitlurn  of  ether  with 
methy!  alcuiiol  or  ethyl  alcohol).  The  dilfviencc.  according  to  Damkoehlei.  1913.  i* 
due  partly  lo  unrclinble  methods,  partly  to  the  depth  of  nnetthoiia.  lie  find*  (on 
rabbits)  thnt  there  is  only  Hmpic  summulion  fur  liichi  annthc^a  and  foe  faial  conn*- 
tmtions:  but  a  sliRht  potentiation  for  deci>  anestheua.  This  a  gr^le*l  wbcn  lh« 
ratio  of  the  vapors  (by  weight)  i»  C:E:  :  i  :  e  or  j.  and  ditappcan  with  t  :  1  ori :  1 
The^iifeiv  /."tic  is  widened  a  trifle  by  i;6. 

Combinalioa  with  AliphatiG  Hypnotics. — Thii  t^vtr  t:ithei  complex  lesulu  (Bafin 
iQij;  ordinary  hypnotic  doscf.,  cuiiihinrd  with  inh.ilniion,  rnblHtx):  villi  etkr,  chloni 
and  veronal  do  nii(  malcridlly  lower  the  vapor  C'lU^eolralion  required  for li^t  aactf le- 
(da;  bul  reduce  Ihat  for  deep  anesthesia  by  3*  pef  cent.,  and  paraldeh>-d  even  by  50 
per  cent.  The  xnne  of  safety  it,  nnirnal.  With  chltiriifnrm.  cnloral  anil  veronal  ib* 
Tfducc  the  deep-anesthesia  concent  ration,  bul  still  more  the  fatal  eoDceBtntiM;  w 
that  Ihe  danjicr  is  greater.  Pataldchyd  acta  u  with  ether,  so  that  its  tne  wouU  be 
advancaiieniK. 

Manxfeld  and  Hamburger.  191}.  I>clieve  that  ether  actually  polcntlatM  wfthcUool 
or  morphin,  by  favoring  their  distribution  into  the  nervous  lyitno. 

Sequence  Anesthesia. ~A  more  rational  method  of  oombinin);  the  ad- 
vantages of  anesthetics  is  to  employ  tlicin  in  scqucnte;  i>artiaiUrly  to 
indticc  anestliesia  b\'  the  pleasant  and  promptly  kcting  nilrous-oiid- 
oxygcn  inhalation,  and  lo  continue  it  with  ether.  This  prol>ab]y  pcesenu 
the  nearest  approach  to  an  ideal  anesthesia. 

Chlotolorm  was  (otniery  used  for  the  preliminary  aoMtbetlc,  but  present*  ec«Uct' 
able  danger.  Kthyl  chlond  muy  be  employed  suoceMfuUy.  Nitroiu  odd  i«itfc«il 
oxygen  is  not  so  satisfactory,  because  Ihe  ether  miut  be  ptuh^  rapidly,  lo  amNd  >■ 

Ehyiia  or  return  of  consciou.'nc^s.  and  the  concentrated  va]>or  is  apt  to  catue  wddeo 
.ryneeni  spasm  (Cunningham  and  Anderson.  1908).  Ilenitt  endorticf  the  lequeM 
oft.  K.  mixture  ( to  two  to«it  minutes),  with  the  gradual  addltiuo  u4  ether,  by  ikeofa 
method-  Changing  from  full  ether  anesthesia  to  chloroform  is  especially  duiUiM 
<  Hewitt). 

Morphin,  ScopoUmin,  Atropin  and  Strychnin  Preliminary  to  Aaettht- 
sla.— One  or  severul  of  these  drugs  .nre  often  injected  hyp^Hlertnicallv. 
half  an  hour  before  starting  the  operation.  They  lessen  the  anitiriy  of 
the  patient  and  avoid  some  of  Ihe  dangers  of  anesthesia.  The  dosev 
given  below  may  be  combined. 

Morphin  (10  to  15  mg,,  K  to  ^  gr.)  is  most  eHective  in  lessening^ 
prehension,  excitement  and  struggting.  Labb£  and  Guyon,  1871.  "f* 
the  first  to  use  it  clinically.  It  makes  anesthesia  prompter  and  snwothfr. 
It  reduces  materially  the  quantity  of  anesthetics,  and  thereby  the  ew"^- 
pulmonary  and  to.vic  after-effects.  The  patient  does  not  awaken  w  WT- 
Since  the  morphin  narcosis  involves  an  entirely  different  mechuiiini,^ 
side  effects  of  both  are  probably  relatively  smaller.    On  Ihe  othtr  b«» 


■  Th*  propnrtion*  of  all  tht  mtatunB  art  by  rolumr, 
E,  let  «ih*r. 
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morphin  depresses  ihe  exci lability  of  ihe  respiratory  center,  and  the 
miosis  interferes  with  the  pupil  danger  signal;  morphin  is  contraindicated 
ia  pulmonary  disease,  in  aemicomalose  patients,  or  when  the  operation 
would  involve  bleeding  into  the  air  passages.  On  ihc  whole,  the  marked 
advantages  appear  to  outweigh  the  disadvantages,  although  many  anes- 
thelists  condemn  its  routine  use. 

Marphin  reduces  the  i^nntcntcntion nf  ether  or  chloroform  ^upor  re<|ulr«d  for  LiKbt 
aneS'lhcun.  bul  nut  that  for  deep  ancstlmiu  or  death.  Tlic  margin  of  i^afcly  a  therefore 
wUlened  ronsidetnbly — (jo  per  cent,  for  chlornforui,  so  per  cent,  for  ether  (Manuc,  tgty, 
Kochmann.  1914].  Howcvur,  the  respiration  must  be  carefully  wulched  with  chloro- 
form,  for  this  a!»o  shov.-;  dangerous  potentiation  (Wolft.  igij;  W.  Straub.  1913). 

Alropin  (0.3  mg,,  }-^oo  gr)  stimulates  respiration  and  is  therefore  often 
added  as  a  corrective  to  the  morphin.  It  also  diminishes  ihc  reflex  vagus 
stoppage  of  the  heart  by  chloroform  and  ether  salivation  and  bronchorrhea, 
thereby  lessening  the  occurrence  of  ether  pneumonia.  The  airopin  my- 
driasis and  tachycardia  interfere  with  the  use  of  the  pupil  and  pulse  as 
danger  signals.  On  the  whole,  its  use  h  ad\'isable;  but  the  above  dose 
should  not  be  exceeded  on  account  of  occasional  idiosyncrasies. 

Scopolamin  (0.5  mg.,  '120  gr)  is  often  substituted  for  the  atropin. 
It  has  the  .same  peripheral  aclions  on  the  pupil  and  glands,  but  greatly 
intensities  the  narcotic  effects  of  morphin.  On  Ihe  other  hand,  it  di^jKiscs 
to  pronounced  vasodilation,  so  that  Ihe  pressure  falls  as  deeply  in  ether 
anesthesia  as  with  chloroform  {Mayor.  i(jo8).  Moreover,  ii  somciimc* 
intensifies  the  respiratory  depression  of  morphin  to  a  very  dangerous 
degree.  This  danger  is  so  serious  that  its  use  is  not  advised.  Bevan, 
1015,  who  opposes  it  strongly,  believes  that  it  also  increases  the  jiercentage 
of  vomiting  and  of  bladder  paresis. 

The  combined  action  of  morphin  or  scopolsmin  with  the  hydrocarbon  narcotics  ii 
(ar  moie  th.in  simple  adililinn  (Knell,  lyo?;  Hftuclcold,  n)io:  Liniieni.mn.  i.>io,  Ilnm- 
mcrachmidl.  i^io).  Maddung.  iqio,  and  Rai>pa|)ort.  lui  i,  find  that  uue^half  to  two- 
thirdi  of  the  ordinary  conicntralion  of  nnesiheiici  suffice*.  Buerei?  ")",  |iropo*ed 
■.\  receptor  theory  in  cupUiiRlion,  but  lliia  is  not  generally  accepteii.  Fuehner,  igii, 
found  Ihat  the  lipolytic  narcotics  chunjce  the  lipoid  solubility  of  iaor|ihin,  and  thus  pre- 
uimably  f.ivor  its  penclmtion  and  action. 

Sfpol'imin  .iliiHt  does  nol  reducf  the  conceniralion  of  chloroform  or  ether  required 

[or  Ucht  ancflheiia.  but  lessens  somewhat  that  for  deep  nncstbe^i^.     Seopolamin  and 

.■Wphin  together  resemble  morphin;  except  that  they  do  not  increase  Iheeoneof  safely. 

'  Tbe  «ne<ihniiii  i»  deeper,  however;  and  this  may  be  practically  important  fl.udewig, 

1913;  Jochmnnn.  tgij). 

Bromiiii. — These  give  practically  only  simple  itummation  vrllh  morphin  or  thi-  ali- 
|>h3tic  narcotics  (Rlammer,  1913). 

Slrycknin  (1  to  7  mg,,  !^o  to  ^0  gr-)  has  been  suggested  when  respira- 
tory failure  is  feared  (l-'othergill).     Its  usefulness  is  doubtful. 

Coc^niMitifn  of  the  nnsal  muii<sia  has  been  employed  to  avoid  the  trigeminal  vagut 
reflex. 

PREPARATION  OP  PATIEHT  FOR  ANESTHESIA 

The  patient  should  receive  »  cathartic  (caf^Ior  oil)  twenty. (our  or  thitty-tix  hour* 
before  the  operation,  and  an  enema  on  the  mornini;.  An  interval  of  at  least  live  hours 
should  have  eUpucd  sinrc  the  la»t  meal,  which  should  not  have  been  loo  heavy.  Theie 
precautious  are  to  prevent  the  disiharge  of  Ihc  cnnlrnt*  of  the  alimentary  canal  during 
\Yte  ■nestfaoia.  Ite  should  be  carefully  eiamincJ  lot  cjrdiac,  renal,  and  pulmonary 
cIueaMe.  He  sfiould  then  be  placed  in  such  a  position  a.s  to  interfere  to  the  imallul 
txHEsiblc  extent  with  rei[)iratioiii  tlie  head  prrfttMy  Imii  and  turned  to  the  side.  The 
c^luihing  ibould  be  looiened  and  all  foreign  bodies — false  t«th,  etc. — removed  from  the 
niouth. 

To  prrteni  the  local  ofiion  of  Iht  anritlKlif  an  lli«  fief,  it  Is  wdl  to  aniant  the  mouth 
^uul  lUMc  vith  pelroktum.     Care  should  be  taken  to  have  the  patient  close  bis  eyca. 
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THE  ADUINISTIUTtON  OF  ANESTHETICS 

Inhalation  h  superior  I>>  it\i  oilier  mr^lhmlt  in  the  coov'oiicocc  of  JU  aMiliatioo,  ud 
in  tlic  facility  with  whiirli  tlic  drplli  uf  :L[ir«lli«uii  can  be  iwdsud  (0  Mil  the  andt  4 
the  Ricimcnt.  It  muKt  be  (cmcmbcrcd  (hat  this  depend*  tiM\j  on  tlie  cooccotisdas  s| 
the  antalhctic  vapor.  ThU  could  Ix:  rvKulatcd  either  by  minx  exactly  doted  nnzlwt* 
of  UMSthelii:  und  air,  or  more  umpty.  and  on  the  whole  mote  eAdcatly.  by-  ntcUnf 
clCMdy  the  condition  «f  the  pnlicnl.  The  response  of  the  rcaplnllon,  pupili  and  otkcr 
nflexo  to  chftOfiM  In  the  contcii  tint  ion  of  the  vapor  must  be  studied.  iM  uMtwHa- 
lion  can  be  iocRued  either  by  jiouring  the  incsthctic  more  niptdly;  by  applying  the 
mask  rloi«i  to  the  fftcc;  or  bv  limiting  the  tupniy  of  air.  Witb  cilhcr  aneubttk  the 
mask  should  at  &nt  be  kept  laldy  awuy  from  the  mouth,  until  some  narcotic  eftccti 
Dbtojoeil,  to  leBco  the  feeling  oE  choking  (ram  the  coaccntralcd  vapor,     liie  p*t' 

should  be  cncounMcd  to  bicnihc  quietly  and  rcRul.iily.     Counting  is  a  icood  «pnl  

(or  thh  purpose.  If  the  patient  holds  his  breath,  strugKles  or  coughs  daring  the  iadat- 
tion  of  Ifae  Bnesthena,  the  conceotntioR  ihauld  be  reduced,  never  increased.  Rapid 
knd  deep  breathing  Icwent  the  coacentntion  of  the  anc«hetk  bv  (BUiiion  mad  ooeiat. 
Slow  and  shalloiv  bmthlng  gives  more  concentrUcd  vapor.  wtruBat  Ilw  iMBhsifr 
liquid  also  increases  its  evaporation  and  concentration  (Snow), 

Managemeiit  dtiriac  Recovery  from  Anesthesia. — The  patient  should  not  be  left 
until  he  is  tnlrly  conscious,  siiiie  vomiting,  [ns|iiijtion  of  mucus,  etc.,  might  caas*  as- 
[ihyxia.  No  nourishment  should  be  given  for  at  least  four  boun.  If  vomiting  b  p«- 
■i£tent,a  tumbler  of  hot  water,  with  a  tcAspcxin  of  bicarbonate  may  be  eiven.  ReoovcfT 
Is  u4Uii!ly  more  speedy  and  satisfactory  if  the  patient  is  pUcixl  on  faLs  ude. 

Special  apparatus  for  supplying  measured  concenirations  can  be  conalivcied 
(Drcscr,  iSgri;  Geppcrt,  1K99;  Kionka,  1^95  and  1S99:  KochmAnn,  19IJ;  Jacksoa,  iqi^ 
ct(.),  but  iliey  urc  conipticitteil  and  cumbersome.  (The  simplest  form  is  that  el  A.  ^ 
Harcourt.  Suppl.  Bril.  Mtd.  Jour.,  igoj.  p.  143.)  Another  objevtion  to  standardbd 
mixtures  b  the  siowness  with  which  they  produce  anesthesia.  It  U  certain  that  maA 
stronscc  niixturcs  may  lie  borne  for  a  Khort  lime,  and  ar«  quite  safe  in  nartutf  Ik 
anesthetic. 

Regnlatton  of  Anesthesia.^ — Most  important  U  the  fact  that  no  iik> 
chanical  device  can  replace  the  sense  of  respODUbilily,  the  coostaat 
watchfulness,  and  the  quick  reasoning  of  the  experienced  aDCSlbettiL 
Anesthetization  i.i  not  a.  physical  experiment  where  the  factors  can  all  be 
foreseen,  but  the  condition  of  the  patient  is  apt  to  var>'  from  momentw 
moment,  and  must  be  taken  into  accounL  The  state  of  the  respiiKioi 
must  \k  care-fully  watdicd:  if  tlie  patient  holds  his  breath,  the  nuik  mM 
be  held  farther  away,  since  the  nc.it  respiration  will  be  an  especially  deep 
one.  When  the  respiration  becomes  .sJow  and  <ilialiow,  this  sigoifin  tbit 
a  sufficient  amount  has  l>een  taken,  and  that  the  quantity  may  be  leMcac^ 
The  aim  is  to  give  no  more  than  is  necessary  to  just  keep  the  piliaii 
aneitthetized.  On  the  other  hand,  care  must  be  taken  to  keep  hia 
thoroughly  under  the  influence,  for  excitement,  struggUng,  stojixi^  <d 
respiration,  shock  and  overdosase  are  much  more  common  under  puoi 
or  uneven  anesthesia.  Since  the  respiration  and  circulation  react  oM 
upon  the  other,  so  that  no  change  could  occur  in  the  latter  without  bciu 
noticed  in  the  former,  and  since  most  accidents  occur  from  stoppap" 
the  respiration,  it  may  1)c  sufficient  lo  watch  thi.i  aloitc,  a*  ts  advised  t? 
some.  But  as  it  is  of  the  highest  importance  to  disco\'cr  bcgioning  fa3>|'' 
of  the  one  or  the  other  at  the  earliest  possible  moment,  the  anoth'li'' 
can  not  be  considered  as  doing  his  duty  unless  he  carefully  observe*  botk- 
The  argument  that  watching  the  circulation  distracts  the  attention  £»* 
the  respiration  should  not  hold:  the  anesthetist  should  beable  toktcp'i'* 
attention  fixed  upon  both. 

Closed  and  Open  Methods  of  Administratioii.— The  aoesthctia  n^ 
be  adniini-stcred  with  (open)  or  without  (closed)  free  access  of  air.  !» ■* 
closed  methods,  the  patient  rcbrcathcs  more  or  less  from  a  pert**** 
mixture  of  vapor  througli  a  fairly  air-tight  mask  or  cone.    In  the  if 
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method,  he  breathes  air  freely  through  gauze  (the  usual  chloroform  mask), 
OQ  which  the  anesthetic  is  poured.  The  closed  ciethin!s  ;ire  more  rapid 
and  economize  the  anesthetic;  but  from  other  standpoints  they  are 
rather  objectionable.  The  open  methods  avoid  the  asphysial  effects,  and 
are  therefore  pleasanter,  safer,  and  less  subject  to  after-effects  (mucorthea, 
vomiting,  etc.).  The  apparatus  is  also  simpler  and  more  easily  sterilized. 
The  open  methods  deserve  preference,  except  for  very  abort  operations, 
or  when  rapid  aneslliesia  is  im[)ortant.  The  closed  method,  however, 
is  also  capable  of  refinements.  Henderson,  1915,  advises  a  closed  method 
with  ether  vapor,  claiming  that  this  is  scarcely  more  unpleasant  than 
nitrous  oxid,  and  produces  less  nausea,  vomiting,  gas  pains,  etc.,  than  other 
methods.  The  skin  should  be  kept  pink,  neither  pale  (acapnia)  nor  dusky 
(asphyxia). 

Administratioti  of  Ether  by  the  "Cone"  Method. — A  special  mask  is 
used,  which  admits  only  a  limited  amount  of  air.  About  a  tablespoonful 
is  poured  in  the  mask,  and  repeated  as  needed.  The  fact  that  the  re- 
quired concentration  of  ether  is  much  greater  than  with  chloroform, 
leads  to  the  temptation  not  to  admit  sufficient  air.  This  must  be  care- 
fully guarded  against,  or  asphyxial  symptoms  may  result  simply  from  a 
deficient  supply  of  oxygen.  Concentrations  of  ether  above  7  per  cent, 
irritate  the  mucosa  so  strongly  that  in  imperfect  anesthesia,  they  cause 
reflei  coughing,  closure  of  the  glottis  and  suffocation  (Dreser,  1893). 

To  obviate  the  &sphyzla  it  bos  b«n  xlvised  to  administer  oxygen  with  the  et1i«r 
(Guy,  Goodatl  and  Rpid,  igii);  but  this  is  superfluous,  especially  if  the  drop  nietbod 

is  UMd. 

Ether  by  the  "Drop"  ("Open"  or  "Perhalation")  Method.— This 
avoids  to  a  very  great  extent  the  irritation,  suffocation  and  excitement  of 
ordinary  ether  anesthesia.  This  advantage  more  than  compensates  for  the 
disadvantages,  the  relative  slowness,  waste  of  ether,  saturation  of  the  room, 
and  refrigeration  of  the  inspired  air.  In  this  method,  the  ether  is  dropped 
rapidly  (about  150  drops  per  minute),  over  the  entire  surface  of  an  open 
(cnloroform)  inhaler,  covered  with  some  eight  layers  of  gauze,  and  held 
an  inch  from  the  face.  If  the  mask  is  closely  applied,  the  vapor  concen- 
tration may  rise  to  9.3  to  10.8  per  cent.;  never  above  11  per  cent.  (The 
method  was  originated  by  L.  H.  Prince,  1895.) 

Danger  of  Open  Ligh^.— The  vapor  of  ether  being  highly  inff  ammable 
and  explosive,  this  anesthetic  should  not  be  used  with  the  actual  cautery 
or  by  an  open  light.  The  flame  may  leap  over  considerable  distance, 
especiallv  if  there  are  drafts.  If  the  use  of  an  open  tight  is  unavoidable, 
it  should  be  placed  high  above  the  patient,  »nce  ether  vapor  is  heavier 
than  air. 

Chloroform  is  not  explosive;  but  if  used  with  an  open  light,  it  is  partly 
oxidized  into  phosgen  gaa  (COClj,  carbonyl  chjorid),  chlorin  and  hydro- 
chloric acid,  which  cause  considerable  irritation — cough,  dyspnea,  coUapse 
(Langcnbeck,  1S88}.  Fatality  to  the  spectators  has  been  reported  (see 
Gerlinger,  1901). 

The  decomposUion  of  cldoroform   may  be  illustrated  by  the  equation.^: 

4CHa,  +  30*  =  4COCI,  -f  2H,0  +  2CI 
COCI,  +  Hrf)  =  CO,  +  2HCI. 

Tbc  inbttlatJon  of  tlir  burncil  chlorotorDi  vapor  by  rabbits  producer  dyspnea,  pul- 
monary cdeniB,  and  sonuiUmn  deaih  (Siobwasscr).    The  loxicily  of  fhostcn  hu  shown 
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by  R.  Muelbt.  1910-  The  inhalaiion  by  rats  of  a  0.01;  per  cent,  voluinc  vkpot  cawed 
death  in  iwrnty  miuulei;  half  Ihii  conceolration  wu  Mvmly  toxic.     Aiutjonik  changn 

were  found  in  Iht  lungs,  kidneys,  and  heart. 

AdministratioQ  of  Chlorofoinii.^Thi8  is  dropped  on  a  few  layea  of 
gauxe,  supported  by  a  frame,  and  held  some  little  distance  from  the  face. 
The  rate  should  under  no  circumstances  exceed  60  per  minute,  and  uso- 
ally  should  not  be  over  12.  After  the  anesthetic  stage  has  Ix-cn  indured 
6  drops  per  minute  will  usually  suffice.  This  will  be  found  better  than  to 
remove  the  mai^k  altogether  and  reajiply  i(  with  a  larger  dose  wbea  the 
patient  shows  signs  of  recovery. 

Stlf-inhalallan  of  CHarnlnrm. — It  is  ollcn  necessary  to  keep  mtienis  li^tly  uadx 
the  influence  uf  an  anesthetic  when  no  skilled  atisiitunl  a  availalAr,  ■»  to  otBtrllic 
practice.    Here  a  method  suggested  by  Brunton  is  uicfuh 

The  inside  of  n  lumhlrr  is  covetrd  with  bloiliiiK-papcr.  A  lew  drcfw  ol  cUntntMn 
Mre  poured  on.  and  this  is^'iven  to  the  pulicnt.  with  direttion^  to  hold  it  an  Inch  tram  kr 
mouth  and  inhale.  This  works  BUtomitticnUy.  for  d>  ibcpnticnt  becomesnutolJMddc 
naiur.Uly  allows  her  hand  I0  liiop,  iind  so  mttuves  the  lumblctj  and  aitoou  »  ittcbt- 
coaic*  conwious  and  Btnsilive  to  pain,  ihc  will  teplute  il. 

The  qtiantit;  of  «neGthelic  which  it  required  for  an  orttinary  operation  U  very  n(i- 
able.  Some  40  c.c.  of  <:h1orolorm,  or  i;o  c.c.  cif  ether,  by  the  ardinuy  inelbod.  or  tjc 
c.c.  by  the  drop  method,  ate  about  the  ^mal1nt  quanlitiei  tor  an  hour's  uwslhtsla. 

"Oae-niinute  Anestbedo." — Short  a|icriitian.%  can  be  done  under  the  aaalgMb  rf 
the  prennesthetic  slnjitc  A  Icntvpoonful  of  elhcr  a  poured  into  ibe  codc.  and  ibc  patkal 
directed  to  count  and  take  deep  inspirations.  The  operatJon  Is  dooe  as  sooevtlv 
counting  becomes  irregular. 

Other  Methods  of  Administratioa.— The  anesthetic  may  also  be  wl- 

minislt-red  by  uiher  meihcids,  bui  these  demand  special  experience,  and 
generally  special  apparatus,  and  therefore  haw  a  more  limited  Aeld. 

In  operations  aiwut  the  face,  the  anesthetic  may  be  inhakd  thra«|li 
a  nasal  cathetrr;  in  operations  on  the  thorax,  it  may  be  admiiusiered  by 
tracheal  insufflation. 

Intratracheal  liisufllation.^The  insufflation  of  air  paued  over  the  anestlvllc  tu 
been  elaborated  expcii  men  tally  by  Giihcni  and  Mcltzer.  1913.  It  climinales  mf'it 
tory  paralysis  as  a  f.ii.d  iiui.tt.     I-'Jher  is  capceially  safe:  F.ncCMi'c  do«cs  &t>l Moptk 

Xntaneuus  respiration,  but  this  iti  immatcritil  since  tlie  inuiSation  coosllniM tf 
:ient  nrtiiiciai  ropirntion.  The  blood  preuure  decline*  very  iJoirly,  and  rtCOTttr" 
pMsiblc  during  an  hour  alter  the  rcopirnlion  Is  anexted,  by  tlmply  sto()f)ing  tbt  (w- 
U'ilh  clitaroform,  the  respiraliou  and  oirculu lion  fail  together,  so  that  ibtre h oo r«liNf 
daneer  sign,  and  the  lone  of  *alety  i»  much  narrower. 

iHlrapharyniial  I  nsuffiMiim. — In  this,  the  elher  is  driven  by  betlows  tluiM^aHld 
catheter;  usually  aflt-r  anesthesia  has  br^-u  induced  by  the  open  method,  llbsb*^' 
limplc  and  s.ite  a^  the  open  method  (Bevon,  1915). 

Rectal  Insufflatioii  •>!  the  narmed  elhcr  vapor  is  especially  tucfol  in  opcratiam  it^ 
the  head;  il  also  avoids  exilement,  struicuhnic.  and  itaslr^c  dbluibancr.  It  ■■'> 
promptly  (within  six  lo  lifteen  minutes)  and  can  be  mainlained  indefioitdy.  HoatW. 
IS  is  iincomforiablc;  Ihc  dosage  is  more  dilllcult;  it  is  .ipl  to  be  folkmed  by  w"^ 
ometimcs  fatal,  irrilalion  of  the  colon,  with  (as  alstcntJoD,  cotlickjr  pains  aai  tMt 
diarrhea  (Cunaingbam.  igio;  Morel,  1910;  Bcvan,  tois).    The  fatality  is  Uirlyhil^ 

htraTenous  administratioa  of  saline  solutions  of  the  anesthctia  (etba,  t  petcaA. 
Burckhardl,  1910;  7.5  per  cent..  Rood,  iiiti;  chloroform,  0.6  per  ecol-.  Cuni.  i^WV 
produce  nncsthcsiii;  but  n  priori,  one  would  consider  the  method  both  UBSsurfKf*) 
and  dsngrious:  and  Ihl-i  seems  to  nRtcc  with  the  practical  experience  fTyrode^  it"), 

SaSnbilily  vf  Eihrr  in  Marmal  Siilinr. — This  varies  with  the  ICDpcraUK  n  I*'" 
(Bennett,  1911): 
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Intreinusciilar  InJectiDii  of  uodilutri)  rthci  ha>  nlto  hren  tried.  The  method  ig 
uncciiAm.  v>ainlul,  ana  dailgnaus  (Bt;c  J.A  M.A..  luii.  vol,  jo.  p-  iSS.  Uuibj.  igti). 

Gastiic  administnttion  of  an  alcoholic  solution  at  chloroform  U  uspd  in  animul  Fxptrl- 
menlsllon  (see  inilci,  ■'lirfhaiit  Ancslhesia"),  hut  la  too  uncertain  and  ilaogwoua  (or 
man. 

CAUSES  OF  DEATH  UNDER  ABESTHESU 

These  must  be  thoroughly  understood  in  order  that  accidents  may  be 
avoided.  They  may  therefore  be  recapitulated.  They  differ  accordinn 
to  the  anesthetic,  the  stage  of  anesthesia,  the  character  of  the  operations, 
diseases  of  the  patient,  and  other  conditions.  On  this  account,  toe  clinical 
accidents  are  rather  different  from  the  usual  laboratory  experiments. 

Death  Dot  Always  Due  to  Anesthetic.~It  is  iocorteci  to  altribuiF  every  death  unon 
the  oiietating  ubie  to  the  eifeclj  of  the  anesthetic;  for  patients  died  upon  the  tabic  wbon 
•aesthetics  were  yd  unknown. 

One  such  case  was  of  considerable  importance  in  the  history  of  anesthesia.  When 
Smpson  was  about  lo  try  chloroform  on  a  patient  for  the  first  time,  the  orderly  who  was 
carrying  the  bottle  fell  and  spilleil  the  chloroform.  No  other  he in^  obtainable  Simpwn 
proceeded  to  the  operation,  which  was  for  herniii.  without  anesthesia.  Tho  patient  died 
with  the  first  cut.  Had  the  chloroform  been  given  in  this  case  and  the  same  accident 
had  happened,  its  introduction  into  practice  would  have  suffered  a  li>ng  delay.  Other 
similar  cases  are  not  unknown:  A  patient  was  to  be  operated  and  demanded  chloro- 
form. His  condition,  however,  was  $o  low  that  the  surgeon  feared  to  grant  his  wish, 
and  to  calm  him  held  n  cloth  vilkout  chloroform  lieforc  his  (ace..  Scarcely  had  the 
patient  made  four  inhalations —  of  air — when  he  was  dead.  In  preanesthetic  days,  the 
French  surgeon  Dcsnult  drew  his  fiuKernail  over  the  perineum  of  a  patient  to  mark  the 
line  of  incision,  when  the  patient  su<tilenly  gave  a  cry  and  was  dead.  And  many  simi- 
lar cuesol  sudden  death  Irom  the  violent  mental  impression  might  be  mentioned,  besides 
deaths  undoubtedly  due  to  traumatic  shoclt.  Even  at  the  present  day  piiticnts  often 
exhibit  "psychic  shock"  when  operated  under  local  anesthesia,  so  that  it  is  a  geueial 
practice  to  precede  this  by  morphin  (Strassmano,  iSgS). 

It  b  true  that  the  public  nowadaj's  has  largely  lost  the  great  fear  (or  operations  and 
that  anesthetics  !ei.sen  the  diinger  of  traumatic  shock.  But  neither  is  encluded,  and 
there  is  do  doubt  that  many  deaths  attributed  tu  anesthetics  have  their  cause  elsewhere- 
State  of  ^tient.^ Healthy,  vigorous  patients  nrc  not  the  safest  tislts  in  anesthctia, 
but  rather  llie  rcialively  lecljle  and  phlegmatic:  These  are  less  subject  lo  eicitemenl, 
struggling  and  muscular  obstruction  of  respiration,  and  they  reiiuirc  lesa  anesthetic. 
Nervous,  apprehensive  patients  and  alcoholic  subjects  arc  always  difficult  to  ancsthe- 
tiie.  "SlotM  lymphatkiu"  and  CroDci"  diseaie  predibpose  to  acute  circulalorj'  failure 
,  Irom  trivial  causes,  fright,  cicilement,  etc.  Rniiralary  Lotisnh  tends  lo  obstruction  of 
rtsiurntion  by  mucus,  especially  if  ether  is  used.  Acute  pulmonary  diseases  dispose 
to  afphynia;  advanced  heart  disease  to  circulatory  fiiiluic. 

Death  During  the  loductioii  of  Anesthesia. — This  is  common  with 
chloroform,  rarer  with  ether.  The  usual  sequence  of  c\'ents  is  sudden 
suspension  of  the  respirattoti  from  acapnia  or  muscular  spasm ;  the  asphyxia 
leads  to  cardiac  dilation,  \'agus  stimulation,  and  finally  aspfayxial  faUure 
of  the  heart.  The  failure  is  especially  rapid  with  chloroform,  because  this 
adds  the  direct  cardiac  action  of  the  drug.  In  light  chloroform  narcosis 
the  cardiac  muscle  is  hyperexci table;  and  any  excitement  is  apt  to  induce 
ventricular  fibrillation  and  death  (G.  Lew,  1913;  this  excitability  disap- 
pears in  deep  anesthesia).  The  respiration  may  re.'^ume  temporarily 
after  the  heart  has  stopped,  but  the  heart  itself  can  not  usually  be  revived. 
Failure  of  the  circulation  therefore  commonly  precedes  llie  final  arrest 
of  respiration  and  is  the  real  cause  of  death. 

In  the  ca.se  of  ether,  similar  fatalities  are  rarer,  but  may  occur  early 
or  sofncwhat  later — in  either  case  due  to  faulty  administration  during  in- 
complete anesthesia.  The  error  may  have  been  committed  an  hour  l>efore 
actual  death:  In  light  ellier  anesthesia,  tht:excilability  of  the  respiratory 
center   is   increased.     If   this   state  is  prolonged  by  excessively  slow, 
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incomplete  or  intermittenl  anoslhrsia  (/.i,,  in  throat  operations), I 
resulu.     Wlien  the  anesthcfiiu  deepens  and  the  cxnter  becomes dnnsti^ 
the  acapnia  (deficiency  of  COt)  leads  to  arrest  of  respiiaUoD  and  mjuiy 
to  th«  h^rt  (Henderson,  1911). 

Stoppage  of  KHpiiation  by  ether  is  \ess  danjcerou»,  becaose  tlte  moit 
viftoroua  heart  genendly  beats  uitlil  the  rcKpiraiion  has  rcsiuMd.  Ei> 
pcrimcntally,  the  heart  raay  also  be  stopped  rcflexly  by  vagus  stimutttiaD, 
but  clinically  this  seems  to  be  exceptional.  In  any  case,  the  jdienomcu 
occur  with  little  warning.  The  danger  signs  are  sudden  dil&lioo  of  the 
pupils,  pallor,  and  change  of  facial  expression. 

Too  hi^h  concentration  of  the  vtipor  is  the  immediate  csiue  of  thcK 
action:;,     fright,  excitement,  struggling,  irregular  respiration  and  ijf*" 
ayncrasy  are  contributing  factors.     Crying  in  children  is  e9)ecially (' 
gerous.    Tliesc  accidents  an-  avoided  by  beginning  the  aumiaistn 
with  very  dilute  vapor,  and  increasing  the  concentration  gradually.   M»5 
phin  helps  to  prevent  acapnia  and  fear.    Alropin  eliminates  the  i'a{<a 
reflex. 

Death  in  d«ep  anesthesia  b  usually  due  to  paralysis  of  respinbw. 
generally  with  more  or  less  involvement  of  the  circulation.  Vnthf**". 
tJie  circulation  i*  usually  (airly  good  when  the  re^iration  sti^  ^""^ 
cMoroform,  there  is  a  progressive  fall  of  bood  pressure,  then  Ulmtol  ll« 
respiration,  and  finally  cessation  of  the  heart;  but  th«  pulse  tsfEOCCilly 
iraperccpliblc  licforc  the  respiration  stops.  These  late  acoiUDts  v* 
caused  by  maintaining  the  concentration  of  the  v^mr  too  hi^;aadi'ii'' 
the  paralytic  phenomena  develop  gradually,  with  ample  warning,  t^ 
deaths  arc  generally  due  to  inexperience  of  the  anesthetist.  The  ^■C 
signch  are:  increasingly  shallow  or  insular  respiration;  very  slovotyfX 
lapfd  pulse;  cyanosis;  dilation  of  pupil.  These  accidents  may  betwiW 
by  cai«fully  watching  for  the.se  signs,  by  maintaining  the  anesthesia ewfl? 
(see  "Report  of  Anesthesia  Committee,"  J.A.iLA..  1913,  vol.  s*>5 
190S),  and  no  deeper  than  complete  muscular  relaxation  and  abseon" 
the  sensitive  reflexes. 

Tic  autopsy  in  acute  chtorotarm  01  uthcr  dcatbn  bIiows  notbing  bcyood  ibt  ( 
|>hcnaincnn  of  death  by  jmpbjnrin — bcart  diitendcd,  veins  coogcstcd,  etc. 

POISOmitG  BY  SWALLOWIHG  CRLOROFORH 

lUs  usually  pradui-n  immnliaic  rooiiliait  and  iomntimu  defecstlMI^ 
by  naroous  (Schocnhol.  1914).  The  acutely /oMi  4i>i«  h  not  known;  an  MMCi  (*  ?£ 
would  be  damtciouft.  R«cx,vrTy  miy  be  xuccccdod  by  faul  gafttrf til  ot  IdenB a*'? 
olhei  phenomena  o(  bu  chlorufurm  iiuiioaiof .  Tho  treatmcDl  wouU  be  ■>  totiv**' 
lion.    GiiUic  Uvosc  with  oil  ha*  bem  advis«d  (Wirtb,  igog). 

TREATHEirr  OF  ACCIDBNTS 

Hiaor  Acddmta.— TIic  toneut  may  Call  lnvck  and  ialrrlere  with  i«niliirl«J 
denoted  by  noUy  btcalMng.  If  thiii  occurs,  "plncc  the  index  finger  o(  eaek taM i"^ 
the  corrMpoDdiag  comua  ti  the  hyold  boue,  ivliile  the  middle  fiufct*  rttt  upM  tk  Wr 
o(  tticjiw,  And  then  prcM  forward  and  upwnrd,  Uie»mefonKMfviiigtoc)naiiltl''|*! 
upon  the  neck:  if  ihit  falls  to  opta  the  Klu^tls,  by  raeaiuof  a  tenaiciiluffl,  thmitirf 
into  the  bo»c  of  the  tongue,  draw  it  forward  "  (H.  C.  Wood).  ^ 

If  much  mucus  accumulate,  it  should  be  removed  with  a  dotb  fUayor  mP** 
deotal  MiUra  ilphoa). 

Serious  Accidents.— These  should  be  treated  with  the  first  w*™!*^ 
danger;  The  anesthetic  should  be  stopper)  at  once.  The  head  «  S 
patient  should  be  lowered  to  give  the  medullary  centers  and  heart  ll*'" 
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benefit  of  any  remaining  circulation.  A  few  rhythmic  compressions  of  the 
epigastrium  may  be  tried,  but  if  these  do  not  succeed  quickly,  arlijiciat 
reipiruUon  by  any  oi  the  methods  should  be  begun  at  once.  This  prevents 
asphyxia  and  eliminates  the  poison.  The  cardiac  region  should  abo  be 
compressed  strongly  at  the  rate  of  40  times  [xt  minute,  since  this  aids  the 
action  of  the  heart  and  supplies  a  mechanical  stimulus.  A  liter  of  saline 
solution,  and  1  c.c.  of  i  :  1,000  solution  of  epinephrin  may  be  at  the  same 
time  injected  into  the  cardiac  end  of  an  artery.  The  combination  of  these 
measures  often  succeeds  when  the  heart  has  actually  slopped  beatin); 
(Crileand  Dolley).  The  chances  of  success  arc  proportional  to  the  prompt- 
ness with  which  they  are  apphed.  Gunn  and  Martin,  loij,  recommend 
the  combination  of  intraperi cardial  injection  of  epinephrin  with  cardiac 
massage.  This  is  generally  successful  even  when  the  heart  is  arrested  and 
either  measure  alone  would  fail. 

0/  drugs,  stij'chniii,  ot  callcin,  by  virtue  ot  the  stimulBttAin  ot  the  rcspirntory  «nd 
vsAomolcir  centcra,  h  useful  if  given  in  lime —  i.e.,  while  il  msy  still  be  nbftorhcd. 
Difplatis  ii  loo  slow  in  hi  acliun.  OiyR?n  is  of  uncertain  udvaDtage.  Rcjlrx  ilimula- 
lion  by  Uie  inhalation  of  ammonin  is  sometimes  rcmarkalily  cffcttivi-;  ns  is  viatic  stim- 
ulation. Uypcdrrmic  injtflions  i>j rthrr  which  hnve  liecn  used  in  man,  might  be  suppowil 
lo  ucl  in  the  same  manner.  But  clinical  observers  condemn  tlielt  use,  and  experi- 
mcnta  on  animals  show  that  the  stimulus  is  loo  weok  to  produce  much  effect.  On 
the  other  hand,  it  would  tend  to  deepen  the  narcosis.  The  admioiatration  of  brandy 
ot  nitruglj-cerin  is  similuily  useless,  though  not  quite  as  harmful.     Fatadtialiott  of  the 

Ehrcnic  nerve  or  of  the  heart  has  also  t>cen  advocated,  but  appcurs  to  be  prompted  more 
y  the  desire  to  do  somctbing  than  by  any  rational  virw  of  The  object  to  be  accom- 
plished. StimulaiioTi  of  the  phrenic,  to  be  sure,  causes  contraction  of  the  diniihraKm 
and  ios[nrRtion,  and  if  done  intermittently,  would  take  the  place  of  artifidal  respiration. 
But  it  po3M»scs  no  udvunlai^'c  over  the  latter,  and  besidcft  the  fuel  that  the  tin\erec|ulicd 
to  adjust  the  npporalus  might  be  much  better  utilised,  there  is  apt  to  bo  stimulation  <rf 
the  vagua — a  most  undesirable  feature. 

With  regard  to  taradiiation  of  tiie  heart,  there  is  no  more  effectual  way  known  of 
killing  this  orgatt  than  electric  stimulation  (bv  the  production  oi  delirium  cordis),  and 
the  only  reason  vihy  mor<  hirm  has  not  licen  done  by  this  senseless  procedure  is  that  the 
eletlricity,  as  it  is  ordinarily  applied,  doe?  not  |"?nelrate  tliriiU(;h  the  chest  walls. 

Epmephhn  in  Light  CMarotDrm  Msircosis. — Wliile  etnnephrin  may  be  very  valuable 
in  deep  narcosis,  it  i^  npt  to  cause  dangerous  arythmia  in  light  chloroform  anrslbcsU. 
Thii  may  be  prevented  bv  alropin,  or  section  of  the  vaici;  but  if  the  srlythmia  has 
alrody  started,  atropin  only  adds  to  the  danger  (Nobel  and  Kothberger.  1914). 

IDIOSYNCRASY 

This  doubtless  occurs,  in  analogy  to  alcohol;  however,  the  actual 
concentration  of  ether  required  to  induce  and  maintain  anesthesia  is  about 
the  Aamc,  whether  the  |>alient  is  refracliiry  or  otherwise  (Boothby,  1914). 
The  great  practical  difference  in  the  reaction  of  patients  consist  mainly  in 
the  manner  of  "taking"  the  anesthetic.  They  are  therefore  most  con- 
spicuous in  the  induction  of  anesthesia,  which  is  for  instance  peculiarly 
cUfficult  in  alcoholic  patients.  {Boothby,  1913.  attributes  their  reastancc 
to  deep  breathing,  blowing  the  ether  off  the  mask.)  Morphinists  are 
said  to  be  relatively  insusceptible.  Patients  with  Graves'  disease  may 
react  badly.     A  patient  may  tolerate  one  anesthetic  better  tlian  another. 

After  the  anesthesia  Js  established,  there  is  but  little  evidence  of 
"peculiar"  reactions,  except  such  as  may  be  foreseen  in  heart  disease. 
Fatal  accidents  should  therefore  not  be  lightly  ascribed  to  idiosyncrasy. 
The  postanesthetic  toxemias,  however,  are  undoubtedly  influenced  by  the 
dispodtion  of  the  patient. 

Manifeld  (1005)  daimi  thnt  starved  wiinials  ore  much  mote  iiuceptible  to  chloral, 
pU'aldchyd,  and  morphin,  but  not  lo' alcohol,  amylcn  hydrate,  or  urethanc. 
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IHPUIUTIES 

The  impurities  which  may  occur  in  ether  and  chloroform,  mainly  by 
decomposition,  are  rather  unimportant.  They  contribute  to  the  local 
irritalion.bulpruhably  not  lu  tht^  dangerous cfTcctS.  Clitoroform  faL-iHlin 
seem  to  be  as  frequent  with  the  "pure"  chloroform  as  with  that  not  spe- 
cially treated. 

Henderson,  1914,  considers  poor  ether  ax  more  excitant,  disposing  to 
acapnia. 

The  impurities  of  ether  aie  due  to  tne  pceMnoe  ot  mofaliii^  vbicfa  \rxdi  (o 
oxittnlinnt.     Among  the  products  nre  hydropco  pennid,  ud  ■Matcommonly  ibe 
aJdoliyd.     liruns,  i>^i,  <'<iu:h><ir'i  from  clintctu  obwrvatiOD  thtt  the  cthet  it 
arr  RuJnIj'  rupuri^iblt?  for  thi'  brondiitis  (R.  U.  Smilii.  tgij).     Etier  ahtnU 
be ankvdroa!. aifl ilntfd  in  seaUd lin  onlainrrs.     Vxrtiy  tilled  gla«*  bottle*  are 
detriniciilal  ilill^kc^vill^.■,  iqu,  (91a). 

Th«  impurities  of  chloroform  arc  also  duv  to  oudation.  accelerated  by  li^t  and 
The  products  vary  with  the  conditions.    The  most  coiwtant  are  the  imtant  p' 
(carhonyl  chlorid)  and  hydroclitoric  acid.    Chloroform  should  t>e  prtscn-ed  in 
dark  ;!ass  bollks  and  should  contatii  t  per  cent,  uf  ^ilcohol.  which  acta  •»  •  t«di 
subttancc. 

ORIGIN  09  CHLOROFORM 

It  hiu  been  claimed  that  the  effects  of  chloroform  differ  somcwhal  accoidte  to 
whether  it  is  prepared  from  acetone  or  alcohol.  Wade  thoved  that  the  aeclMW  pmdHf 
is  purer:  the  alcohol  product  contains  a  Utile  ethyl  eblorid,  which  micht  lacKaM  t^ 
ancitbetic  cffccti  (Rcgnault.  1909).  Hewitt,  howc\'cr.  could  diKOver  bo  dUcfcnctis 
the  immedialc  or  after-cflects.  Hole,  191  j,  nlso  could  detect  no  comtant  diflttnn 
in  ilie  fsial  concent  ration  for  mice  and  Gsn,  lor  chlorolonn  samples  of  diSerrM  igt 
and  origin. 

mDDCTIOK  OP  AHESTHESU  DURING  SLEEP 

This  question  is  of  some  medico  Icgnl  importance.  Caict  ore  rcjurled.  but  It  anM 
be  difficult,  and  conM'guenlly  r&tr.  Faitx  accuMttion«  of  criminaJ  aumilt  an  cf to 
based  on  the  meotal  confusion  of  the  patient  while  tn  tlie  naTcottc  stage. 

RELATED  ANESTHETICS 

The  production  of  narcosis  is  a  universal  acijon  of  oU  membcrt  of  the 
aliphatic  series  which  are  fat-solvcnts,  and  which  are  absorbable  into  the 
tissues.  Accordingly,  a  large  number  of  the  more  volatile  "lipoptnUt* 
hydrocarbons  may  lie  used  to  produce  anrsthcsia;  whilst  the  less  x-oUtBf 
arc  employed  as  "hypnotics,"  to  produce  sleep. 

Ethyl  Chlorid. — This  is  the  only  one  of  the  related  snetthetics  wUcb  U  pnctidtr 
useful.  On  .iccount  of  iis  great  voUtiUly,  the  nncUbeda  ^ipean  and  duappeanmr 
promptly,  »nd  is  tbervforr  cpcciii-lly  fuliipled  (or  roinor  Bufsny.  It  ha*  the  OM 
danim  of  ciiloruform:  KebilU'vly  small  dom  may  cauM  Sadden  stoppiage  tl  ihebcM 
though  Irfs  frequently  tli.\n  chlomform-  Larger  doMS  paialyte  the  beut-HM'l' 
dircctJy;  and  are  even  more  dangerous  than  chloroform.  bc^uM  of  the  cxtrcnwoM*' 
ness  and  rather  indefinite  sijjnalB  (E.  D.  Brown  and  Large,  1905;  Emhiey,  io*i  !*»•• 
190;;  Wood,  toio;  Seifert,  Nchcnwirk.,  1915,  p.  j6). 

its  main  ndvitntanes  consist  In  Ihc  rapidity  with  which  anesthesia  if  indacxd;'!  t** 
cunseijueut  absence  of  stru;;Kl>n8.  excitement,  and  uajdeasant  senialion;  in  tlf  >'<rT 
prompt  and  complete  recovery.  It*  admini»tratioo  1*  oiftca  followed  by  hM^tcK 
nauMn,  vomiiinti,  and  somelimes  collapse.  The  inusculBr  relaaaiioa  and  iboliil'ji* 
i«flexr«  are  incomplete,  and  a  little  experience  \i  reT|uiinl  to  recogobe  the  proftf  art 
(or  operiiling.     It  has  occasionally  faifed  in  alcol^Hc  patient*. 

It  may  he  adminlsiereil  by  (praying  it  cm  a  chloroform  inalfc.  Tlu*  ncthoii**'' 
wasteful  lliat  a  special  musk  is  to  be  preferred,  allowini;  its  admlnistnulos  Jnptf"^ 
and  restricting  the  odmiWon  of  air.  It  has  aUo  bcenuKd  by  pourinf  aaiaut**^ 
^  into  a  cbncd  matk.  These  met h>xlis  iitiliie  a  partial  oaphyna;  they  oOBHuaetiaBil* 
I  ex.  for  short  operations  (Large,  1006), 
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AdmtttwUring  «tKy]  chlorid  bv  hU  special  cliMcil-tircuktinn  nppamlui,  D.  E, 
Jacluoa.  igi6.  fmdi  IH  eSccu  tu  be  iolvrmcdiiile  bi;twvi-n  oiltuus  uxid  aod  clher. 

The  concentration  of  ethyl  chlorid  in  the  blood  nnil  tissues  during  narcosis  his  been 
invtsligattil  by  Camus  and  Nicloux.  iyo^\  and  E.  Frcy,  igit. 

The  main  use  of  ethyl  chlorid  is  for  local  anf.ithrsia.  freezing  the  tissues 
by  a  fine  spray  of  the  liquid;  the  lube  being  held  about .}  feet  away.  The 
impossibility  of  dissecting  the  frozen  tissues  restricts  its  use  to  simple 
indsions  (opening  boits) ;  the  analgesia  is  imperfect,  and  the  thawing  rather 
painful. 

Etfajl  Btmnid  and  Eth;!  lodid. — These  re^mble  ethyl  chlorid  cloMly.  differing  only 
quantitatively,  accordin);  to  ihoir  volalility  (Weber,  19M.  The  more  common  ethyl 
bromid  It  used  for  short  unrslhe;iii  <ir  rather  analgesia.  It  must  not  be  pushed  tu  the 
disappearance  of  rcfleics,  since  the  respiration  is  piiralvied  al>out  the  lame  time.  The 
(ODc  of  safeij'  i*  therefore  very  narrow.  Pain  is  abolished  before  conscioimnefa,  and 
Uie  operation  must  be  made  before  consciousness  it  entirely  uone.  I'he  proper  time 
for  operating  h  somewhat  difficult  to  choose,  and  the  drug  is  very  dAngcrous  in  un- 
ifcOled  hands.  Willi  experience,  the  danger  seems  tu  be  slight.  The  proper  amount 
{(or  adults,  Sec;  for  children  not  more  than  1  c.c.  per  year)  i5|ioufcd  on  a  folded  towel 
or  cone,  and  administered  to  the  exclusion  of  air,  until  the  proper  degree  of  anesthesia 
is  reached.  It  is  then  removed.  It  is  only  suitable  for  short  operations  (tonsillotomy, 
etc.).  The  administration  requires  twenty  to  forty  seconds;  the  one&lhesia  lasts  about 
two  minulei.     Recover}'  occurs  al  once, 

Aftcrabottlehasbcenopened,  the  contentscan  not  be  uwd  again,  a^lheydetciioriite 
ra^ly.  The  drug  must  not  be  confused  with  Ethylen  bromid  (C,H.CIt).  which  11  very 
poisonous. 

Bromcrfonn  (CHBrj)  in  not  sufficiently  volatile  10  be  of  use  as  an  anesthetic.  It  U 
empkiyeid  as  an  antispasmodic  in  whooping  couuh.  but  Is  of  very  doubtful  value  (ai 
C.C.-3  minims,  driippcij  on  sugar.     Prnclically  insoluble  in  water,  soluble  in  alcohol). 

Carbon  tetrachlorid  ("Tclfa,'"  CCli)  is  used  as  a  non -explosive  fM-solvcnt.  and 
(or  (lr>'ing  the  haii  in  sliampooing.  The  vapor  has  given  rise  tu  serious  poisoning 
<J..\.M..V,  iQog,  vol.,  53,  p.  ;;(>).  Waller  and  Velay,  1909,  slate  that  it  is  more 
paisonniis  than  chloroform.  Lehmann.  iqii  (who  also  investigated  other  aliphatic 
chlorin  derivatives)  found  the  vapor  narcotic,  but  not  excessively  toxic.  Industrial 
poisoning  in  rubber  factories  is  described  by  Hamilton,  iqij. 

Carbon  Disutphid  (CSi). — This  very  volatile  fluid  has  a  toiicologlc  importance. 
from  its  extensive  use  in  the  arts,  particularly  in  the  rubber  industry  (Stadelmann, 
■1896;  .\,  Himdton,  1915). 
I     Aral/-  Po!<onint  is  quite  rare  and  produces  effects  similar  to  tlinse  of  chlnrnform. 

Ckronii  Poinjning  is  the  more  common.  The  symptoms  may  not  appear  fur  several 
weeks  and  then  develop  quite  slowly  so  that  sevetal  stORcs  may  be  distinguished. 
The  effects  have  a  pathological  basis  in  irritative  changes  throughout  the  body.  The 
syoiptoms  begin  with  disturbed  sensation  (headache,  formication,  vertigo,  etc.)  and 
gastro- intestinal  catarrh.  In  the  second  stage  there  is  irritability,  excitement,  hysterical 
mRnifesIalion<4,  etc.,  and  signs  of  marasmus.  The  third  t>lage  shows  ccnlml  paralytic, 
or  epileptic  fralurcs,  aod  peripheral  neuritcs.  Alalia  has  been  reported.  The  maras- 
mus b  pronounced.  Degenerative  kUlologit^  ehaHgrs  arc  found  m  blood  fhemolysis, 
Imoocytosis,  anemia;  no  met  hemoglobin  (ormationi,  nerve  cells  and  dendrites,  liver 
(racuolixBtiun),  kidneys,  and  lungs.  Ocath  does  not  occur  until  very  late.  (.\  mure 
extensive  de«cnplion  is  given  on  page  461  of  the  first  edition.) 

Tbe  fluid  or  vapor  causes  conjunctivitis  and  other  local  inflsmmalory  changes  in  the 
rtf.  Continuous  exgiosure.  even  to  small  quantities,  may  produce  a  toxic  blindness, 
■Imilar  to  that  produced  by  tobacco  (Haas  and  Ilcim.  1911). 

I  PREPARATIONS— ANESTHETICS 

'CIdoroformum  (Chlorof.).U.S.P..  B.P.tChloroforoi.^ContaJnsal  least  go  per  rent. 
CHClii  and  o.A  to  1  per  cent,  of  alcohol.  Heavy,  colorless  volatile  liquid ;  boili-  al  tio  to 
6i*C.  Characteristic  odor,  sweet  hot  taste.  Not  inflammable.  Slightly  sol.  in  water 
(1 :  jio);  freely  niisdbtc  with  ale.  etb..  etc.  Dost,  olj  c.c.  $  minims,  U.S.P.;  o.oo  to 
O.J  c.c,  [  to  ;  minims,  B.P.     Maximal  dose,  a.$  cc,  8  minims. 

'Af.  CUorof;  U.S.P.,  B.P. — A  saturated  watery  solution;  o-aj  per  cent.,  B.P. 
Used  as  hypnotic  and  flavor.    Dost,  15  c.c.,  4  drams.  U.S.P, 

'LinimentuiH  CUom/ormi  (iin.  Chlorof.},  L'.S.P. — joperccitt.  of  Chloroform  in  soap 
liaimcnt . 
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'Uh.  CUarof..  B.P.— Equsl  part*  at  chloroform  and  camphor  Uninn). 

•5^  CUartJ..  U.S.P.,  B.P.— 6  p«  cent.,  U.S.1'.;  $  per  cent..  8.P.  i)wi,IM..P 
mUiu,  U.S.P.;  0.3  to  i.i  cc,  s  lo  *o  miiumi,  repotted;  sla|l«,  1 1»  i-scb,  )>M 
4a  boIbIiiu,  B.P. 

(Tr.  Chlomf.  tt  Uarph.  Co^  B.P.— See  Indw.) 

/)r[>iM<i/t>nnKm  (Biomof.),  U.S.P.,  CHBii.— A  beav)- liquid,  fqwaibUm dtoll» 
Slizfatlywl.lu  water;  tniscibie  with  ^CCbloTof-iCth.,  and  biedorvoUlfleaSL  StUT 
voutile,  not  inf1iunmabl&  Doit,  o.i  c.c,  3  minima,  U.S. P.  (majdnal,  ftj  U4' 
admnn),  on  sujtu  or  dlMotved  in  *tcoliol  kod  glvcerin.  Uiodlnpeilia»U,httpwt*w> 
without  value.    Side  action*,  Seifcrt,  Netwnwirk.,  191S1  p.  116.  ~ 

Corboit  DitvlfikiJum,  B.P.,  CS*. 

•AiiJur.  U.S.P.,  B.P.:  £lher  Pur..  6.P.;  Ether  (Sulpbuilc  EtlMr).--CeMiiMi 
06  per  cent,  of  elhyl  oiiil.  (CiHi)iO,  and  about  4  per  cent,  ot  klcohd. 
fiauid.    5p.  gr..  Ol7ij  to  0.716,  U.S.P.;  0.720  B.P.    Boik  at  j$*C. 
odot.    Highly  infiftmimble;  vapors  explosive.    Sol.  io  water  (1  :  11)  •ndlalUpKV<^ 
tlonfiolak.    iloif,  1  cc,  ij  miDimt,  U.S.P.;)  toic.c,  ij  tO]ominliii»rep(at«d:«i(k 

3  to  4  c.c,  45  to  60  minim*,  B.P. 

Ethel  for  ancithena  is  to  be  dispowed  only  in  imall,  weU-cloMd  ccalahmuJ* 
not  tobouMdaiaii  anothctkafirr  the  originaJ  container  has  been  vprncd  tmMr^ 
houn. 

'Spirilla  ^Eamit  (Sp.  .Ether.),  U.S.P.,  B.P.  (Hoffmann"*  Drop*).— jj  ptftBl* 
Jilcohol.     Doti,  4  c.c,  I  dram.  U.S.P.;  i.a  to  i.j  c.c,  10  tu  40  mlaima  rtpMM: ■if'*- 

4  t«  6  C.C.,  60  lo  00  minims,  B.P. 

Sp.  Mthfih  Co.,  "Hoffmann's  Anodj'nc,"  ia  an  anliqualod  preparation <rf *M 
the  »aine  Ktrrnxtb  and  dose  at  the  ftpiritus,  cMitslaing  additional  eibtrtal  pNtes 
("ethereal  oil"). 

.£(kr^c(iJi<:u(^.th.Acct.},  D.P.,  CiIl(CiH/)|.— J)»h,  i  to  >c.c,]5t«j>aM» 
tcpcBted;  slDole,  3  to  4  cc,  45  to  60  minimis  B.P. 

'JBlhylU  CUmidmm  (*lhvl.  Odor.).  U.S  P.;  Elkyl  CJU*r.,  B.P.  (Mon«>cM«-«a«» 
CifltCL — Colorleu.  eztreniely  volatile  liquid,  of  thorp,  iweet  taste,  and  pccittM*** 
Inflammable.  BoiUnc-polnt,  ta  to  13'C.  SpKringly  nol.  In  water,  readily  ia  *>=  ^ 
eth.  Dispensed  In  special  gkis  or  metal  tube*,  t  »cd  for  f roeiing  aad  Um  ((*"* 
antithciia.  _ 

Ethyl  Bramid,  CiHiBr.— G«ieral  pnipertles  membic  the  prceedfait.  W"*) 
point,  j8  to  40*C.  Should  be  protected  from  light  and  heal.  I'ted  (or  M«i  l>^ 
ancfthcdt. 


ALIPHATIC  HYPNOTICS 

Sleep  is  one  of  the  earlier  phcnomi-nii  of  light  narcosis,  and  dfl  I 
fore  be  induced  by  small  doses  of  any  of  the  aliphjitic  narcolio.  W* 
many  of  these,  however,  ihe  hypnolif:  stage  i:^  too  brieX,  passes  toonA 
into  general  nncsthcsiii,  or  is  complicated  by  untlcsiraMe  tide  actk" 
stimulation,  local  irritatton,  etc. 

D«airabl«  Peatiues.— The  uiefubeM  of  a  hjrjMiotic  depends  upon  tbe  I 
ilicx  :  ItE  n':linii  must  be  furly  prompt  and  lasting,  mi  that  the  Bypnotic  cfiect  1 
■lat  for  some  hours.  Very  vdatlle  or  easily  decompotaUe  suutancts  are  tL--^ 
etcludeil.  A  good  somnifacient  must  produce  the  mosimUBa  hypnotic  actiea,  "wjjf 
lea*t  dcpnsuoD  at  the  medullary  ccnten.  It  mutt  not  ponaa  an  odoe  et  tasU  •■<■ 
would  preclude  its  employment;  and  It  must  not  irrilata  (lie  stomach.  Prtptn''''' 
wUch  are  inraluble  in  wtiter.  but  which  arc  oevenhdn*  abaorbed,  are  vatnabk  t'«*| 
they  are  nearly  tutclcM,  and  becatiM  their  action  is  apt  to  be  note  taMiac-  A  ^~f 
compound  which  could  be  uaed  l^podermically  WDttld  be  voy  UMfid,  b«t  all  tW  ' 
pliauc  narcotics  are  rithcr  too  imtant  or  iiuolulile. 

Msnoei  of  Actioa. — Small  doses  of  these  drugs  depress  the  •tn"'^ 
and  intellectual  procesws,  »o  that  the  perception  of  exteiTi»l  stimut  f 
lowered  (KracpcUn,  1892).  The  subject  is  therefore  put  into  coniiii'* 
favorable  to  natural  sleep.  This  should  be  tiK  aim  in  their  tbenf^"' 
use.  Larger  doses  produce  an  actual  stupor;  and  eventually  coina.  1* 
stronger  hypnotics  (chloral)  also  depress  the  motor  functioDs.    Of  ^ 
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TonclionA,  the  Hood  pressure  and  pulse  are  somewhat  lowered,  as  in  natural 
sleep.  The  skin  vessels  are  moderately  ililulcd.  The  brain  vessels  are 
also  dilated  (Berezin,  1916).  ITie  chlorinated  hv-pnotics  (chloral)  in  large 
doses,  have  a  direct  depressant  effect  on  ihc  medullary  centers,  especialK' 
the  respiration;  and  on  the  heart-muscle.  All  the  members  arc  hemol>tic 
when  added  directly  to  blood  (L.  Herrmann). 

Respiratory  Center. — Cuahny  and  Lieb,  i^if.  studied  the  behavior  of  decerebrated 
rabbits  under  urttliunr.  The  other  lipolytic  hypnotics  prcsumtibly  act  similiuly. 
They  (oucut  but  little  effect  on  ordinary:  rF^piratioD  (in  uitact  animaU.  the  rirspiratian 
would  be  diminished  by  the  general  nurcosis).  The  respiratory  rc«pfin>e  to  rcDenea 
WU  iko  ciormai;  the  response  to  oxygen  dcprivittlon  or  COt  ««»,  however.  Icwicncd  or 
even  reversed. 

Hjipnotk  Response  of  Decerebrated  Rabbits. — Chloral  and  urclhanc  have  a  much 
more  intcni'ive  itcli<>n  than  in  normal  animals.  Further,  while  normal  nnimolt  arc 
awakened  (rum  chloral  sleep  by  coculn  or  cafFein.  decerebraled  anlnmlt  are  not  awak- 
med.     Tettahydronaphthylaiain  awakens  either  (Morila,  1915). 

Therapeutic  Indications. — Hypnotics  (Soporifics,  Somnifacients)  are 
used  to  procure  sleep  in  insomnia,  especially  when  more  physiologic 
measures  (removal  of  the  cause,  etc.)  are  not  applicable.  Their  continued 
use  ([enerally  leads  to  lolerance  and  drug-habits  and  should  Vie  avoided 
if  possible.  Full  doses  often  produce  acute  poisoning.  Doses  only  large 
eiMUgb  to  induce  sleep  indirectly  by  quieting  the  patient,  are  rarely  dan- 
gerous, and  can  be  used  temporarily  without  apprehension. 

LimUaCloas.— In  the  treatment  of  insomnia  it  muM  be  rcmembrrcd  thai  the  drutts  of 
this  class  act  purely  «ymptomutically:  thai  (hey  soon  lose  tliur  effect;  that  nunr  of  them 
are  entirely  free  from  objection,  be  it  through  tiic  lendcney  to  the  formation  of  drug- 
haMt.  through  an  iirit.int  eticcl. or  Ihiough  tnedanger  oi overdosage.  They  should  not 
therclurc  be  (c*orleil  to  ciccpt  in  case  of  necessity,  'I'he  dose  ai  the  betinnJni^  should 
be  very  sranll- — it  must  bi-  remembered  that  in  many  ca»cs  the  acliin  01  the  hypnotic 
Ittelf  need  not  be  very  Ix^lin^,  (>>r  sleep  once  induced  tends  ol  Itielf  tu  continue.  And 
this  small  dosage  preienis  the  opportunity  of  enlarging  the  do*c  when  the  patient 
bceoracs  accustomed  to  it.  When  the  hypnotics  need  lo  be  continued  lor  a  long  time,  it 
U  veil  lo  change  frc<|uenlly  to  a  hypnotfc  of  another  type,  lo  teluni  lo  ibc  (inl  later. 
This  obvjalei  lo  a  x"^^  citent  the  irritant  effects  and  also  the  difficulty  ot  the  patient 
becoming  .ii-ciislomcif  lo  the  drag. 

Distribution  of  Hypnotics  in  Brain. — ^This  lins  been  inve»li^alcd  by  Censlcr,  11^14 
and  igi;:  utilizing  Ihc  bromin  hypnotics,  neuronal,  brumuial  and  adatin.  During 
the  narcotic  ileep.  the  absolute  quantity  1^  bromin  found  in  the  brain  [all  in  organic 
form)  represents  orUy  about  1.4  per  cent,  ol  the  absorbed  hypnotics:  but  the  percentage 
of  bromin  is  about  1.8  timri  greater  than  that  in  the  remainder  of  the  tissues,  including 
the  blood.  The  percentage  in  excited  conditions  is  about  the  same;  so  that  the  known 
resistance  of  cicilcmcnt  to  hypnotics,  as  would  he  ciipcctcd.  is  due  to  the  altered  phys- 
iologic Mute,  and  not  to  altered  distnbution.  The  distnbuiion  is  also  unallectcd  by 
injection  of  magnesium,  although  the  physiologic  effects  ate  additive. 

Blood  Lipoids. — ^Tbe  inDuence  of  continued  adniinbtration  of  aliphatic  hypnotics 
WAS  invc;tii!alcd  by  Waser,  1915. 

Inflammation. — Chloral,  urcthonc,  and  presumably  the  other  aliphatic  narcotics 
inhibit  the  migration  of  leucocytes  from  the  mfla,med  frog's  mesentery  (Uccda,  iQifi). 

Comparison  of  the  Aliphatic  Hypnotics. — Chloral,  the  oldest  member 
of  the  group,  is  still  the  standard  liy  which  the  numerous  recent  drugs  are 
judged.  Its  principal  disadvantages  are  the  unpleasant  taste  and  gastric 
irritation,  if  taken  too  conccnirated,  and  the  frequent  formation  of  a  habit. 
The  fear  of  respiratory  and  cardiac  depression  is  probably  unfounded  for 
ordinary  doses.  These  disadvantages,  at  most,  apply  mainly  lo  large 
doses,  which  are  rarely  necessary.  For  equivalent  eSects,  the  disadvan- 
tages of  diloral  are  probably  little  if  any  greater  than  those  of  its  substi- 
tutes.    On  the  other  hand,  its  therapeutic  efficiency  is  probably  superior 
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to  most:  itE  action  is  certain,  prompt,  sufSciiMitly  lasting,  and  essil^ 
graduated  by  the  dosage.  The  various  compounds  of  chloral  have  so 
advantage,  since  they  act  only  after  being  transformed  into  chloral. 
Contraindications:  Chloral  should  be  used  with  some  caution  in  deprejdion 
of  the  medullary  centers;  and  in  Ihe  presence  of  vascular,  cardiac, renal, 
pulmonary  or  gastric  disease.     Its  efficiency  is  very  slight  against  pain. 

ParaUifhyd  is  mililer  than  chloral,  but  acts  very  promptly,  and  don 
not  aScct  ihc  respiration  and  heart.     It  is  quite  unpleasant  to  taltc. 

Bromural  and  urelkane  act  very  weakly,  aQd,  like  btomids,  they  art 
suitable  only  for  mild   nervous  insomnias. 

Sulphoiml  and  trional  are  fairly  powerful,  but  act  verj'  slowly,  ud 
produce  considerable  afler-depresaion;  ihey  also  initate  the  ktdoein 
and   cause  dangerous  cumulative  effects. 

Veronal  is  as  effective  as  cblorat,  and  has  less  side  actions.  Full  doses 
have  produced  severe  and  fatal  poisoiting,  and  therapeutic  diMcs  maycaux 
cumulative  effects, 

.V  crilUat  icaifit-  at  the  modfm  bypaottcs  U  turniihiMl  by  Gtcsor.  iqij.  Hiu  Ao 
described  the  talhci  i^!^ignllic;Inl  dinknl  I'llcctn  cm  blnad  pmsarr  (Siegfried,  iQt))- 

Comparison  with  Other  Gtoaps.^  \( »f pliin  k  iirdinnriU-  less  cflccUvc  Ihui  cUsnl, 
but  i;  frupt-riur  wWn  msomnin  is  iJui!  to  pulii,  ScapiUanin  is  usduJ  MpcdaUy  111  pQ^Uc 
insomnia  and  in^unily.  Apomorphin  is  mid  to  be  mpctiarin  acute  aloobolkiii.  Bn- 
mids  arc  the  Icnst  objectionable,  but  lire  eflwtivc  only  lo  mild  ncrvoua  cm«s,  wony,  tie. 

Composltloa  and  Actioo. — Ccrt^iin  relutioni  liavc  been  ioiud  to  exist  bctwna  Ac 
chtmicitl  itntcture  and  action,  although  the  conncctian  is  probably  not  a  direct  ant. » 
ciptaincil  in  the  discussion  of  the  narcosis  theories.  The  cthyt  ^roap  and  Ihr  MU 
higher  homolo^s  sevta  lo  be  cspcciully  viiluab1<^  in  conferring  hypnotic  action;  and  ikiM 
B/c  the  most  rffrctivc  in  the  presence  of  oldehyii  or  ketone  radical*.  Alcotiol  tadiok 
weaken  the  action,  m  that  glycerin,  r.j;.,  is  not  narcotic.  Ttic  ooRapoundf  mult  rmI 
oxidaiion  sufficiently,  in  order  that  their  fiction  may  be  luting. 

ROle  of  Cblorin.—Tlie  narcotic  eilect  h  Rie*tly  cobaaced  bv  tbe  iaiRMluc^  rf 
chlorin.  as  shown  by  the  comparison  oF  aceluldehyd  and  chloral;  and  by  tbc  aMthlM 
derivative:,  the  elScicncy  of  which  increases  lor  each  additional  chlorin  aiam  (rss  at- 
thane  to  cirlxin  telracliloriO.  This  jjctuliat  properly  of  the  chlorin  compoundi  huMI 
been  eipluined.  Uini,  1877.  aj^umcd  the  liberation  ol  free  chlorin;  but  tbei«  n  pti 
evidence  that  this  can  not  occur  (t'rncnkel). 

CHLORAL  HYDRATE 

General  Statement.  -  This  is  the  hydrate  of  irichloraldehyd,  obtaiocd 
by  the  action  of  chlorin  on  alcohol: 

/OH 
CHiCHO  CCI.CHO  CCUCH< 

N)H 

-  AceuUebyd  -  Chloml  -  CUmJ  brdBM 

It  was  discovered  by  Liebig  in  tSji,  and  was  introduced  as  a  bypooiic  b>' 
Uebreich  in  1869.  Morphin  was  the  only  active  hypnotic  known  tolh" 
time.  Acetaldehyd  is  also  narcotic;  the  entrance  of  chlorin  gttally  in- 
creases it»  efficiency,  but  also  introduce.t  damaging  effects  on  the  R9<- 
ration,  heart  and  metabolism,  similar  to  those  of  chloroform. 

Fate. — Chloral  is  readily  absorbed  from  all  raucous  membran«-  I" 
the  body  it  is  mainly  reduced  to  triclilorelhy!  alcohol,  CCUCHjyR. 
which  is  al(*o  h)nnotic  but  less  powerful.  This  is  excreted  by  tlie  nt^t 
in  one  and  onc-lialf  to  eighteen  hours,  in  combination  w'th  glycuwo' 
add  (V.  Mering,  1881),  as  the  non-toxic  trichlorelhyl-giycuroaic  *oo 
(urochloralic  or  chtoralunc  acid).  Thi.<  reduces  Fehling'a  solutioo,»M 
thus  gave  rise  to  the  erroneous  belief  that  chloral  causes  gU-cosurii-   " 
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polarijie*  tft  the  left,  hut  Hoes  not  ferraenL  A  true  hyperglycemia  may  occur 
in  profound  narcosis,  analogous  to  chloroform  (Jatobsen,  1913). 

A  small  part  of  Ihc  chloral  is  ncrGled  unchanged,  and  at  most  minimuin  traces  U 
inorsanic  chlorids  and  ihlarofarm. 

Licbreich's  Theory.— Liebreich,  i86(),  was  led  to  iry  chloral  by  ihc  Msumption  that 
It  would  bti  converted  into  cliloroforni  id  the  organism,  as  it  is  by  Alkalies  in  ibe  tcit- 
tube: 

CCl.  COH+ KOH  =  CHC1,+ KCO^ 

Chlom!  ChloiD-         Pnt 

(arm         foroutc 

The  theory  was  diapravcd:  The  btood  aiirl  expired  air  conininnl  no  chloroform,  or  at 
aiost  insignificant  traces  (Nicloui,  iyof<) ;  and  the  greater  pari  iii  ibe  chloral  h  cicieted 
in  the  conjugated  form.  Liebrcich  also  stated  that  a  fraction  h  excreted  as  chlorid; 
this  is  contradicted  by  Kast,  1HH7. 

Hypnotic  Action  of  Ordinal?  Doses  (i  or  9  Gm.  for  man). — ^These  act 
ver>'  promp tly.f producing  drowsiness  in  ten  or  fifteen  minutes,  and  quiet, 
sound  sleep  within  an  hour,  mainly  by  diminishing  attention  to  external 
stimuli.  The  sleep  lasts'at  least  several  hours;  but  the  patient  can  be 
easily  and  completely  aroused,  and  awakens  refreshed,  generally  without 
depressant  after-effects.  The  sleep  Js  therefore  strictly  physiological, 
Verj'  exceptionally,  chloral  may  produce  excitement  and  even  delirium. 

Other  Functions. — The  respiration  and  pul$e  are  somewhat  slowed  and 
the  blood  pressure  and  temperature  slightly  lowered,  but  bttle  more  than 
in  ordinarj'  sleep.  In  respiratory  and  especially  in  circulatory  diseases, 
these  depressant  effects  may  be  somewhat  more  pronounced,  and  may  per- 
haps lead  to  some  cyanosis  with  the  larger  doses.  In  fact,  however,  the 
fear  of  respiratory  and  cardiac  depression  is  based  essentially  on  faulty 
deductions  from  animal  experiments.  There  Is  no  good  clinical  evidence 
of  cardiac  depression;  while  the  danger  is  greater  in  cardiac  diseases,  it 
has  often  been  given  without  bad  effects  (Cushny,  1914),  The  experi- 
mental evidence  also  indicates  that  the  depressant  dose  is  considerably 
larger  than  the  liier.-ipeiitic  dose  (Gunn,  1913,  1914). 

Effects  of  Full  Doses. — In  man,  2  or  j  Gm.  of  chloral  produce  very 
deep  sleep;  and  as  the  dosage  is  increased,  this  passes  into  stupor  and  coma, 
with  complete  muscular  rela:ialion.  The  otlier  depressant  effects  become 
much  more  important. 

The  depression  of  the  medulla  makes  itself  felt  by  slowing  of  the  res- 
piration and  fall  of  blood  pressure.  The  vasomotor  paralysis  is  so  promi- 
nent that  chloral  is  often  used  in  the  laboratory  to  secure  paralysis  of  this 
center.  The  pulse  is  also  slowed  through  direct  depression  of  the  cardiac 
muscle. 

As  in  the  case  of  chloroform,  it  is  impossible  to  state  to  what  extent 
the  vasomotor  and  the  cardiac  paralysis  respectively  are  concerned  in  the 
f^ll  of  blood  pressure.  A  dilatittion  of  the  cutaneous  vessels  is  quite  a 
marked  feature  and  may  lead  to  the  appearance  of  skin  eruptions.  Larger 
doses  at  ways  cause  a  marked /i///o//<mprr(:/«re  on  account  of  this  cutaneous 
vasodiliitation  coupled  with  the  cllminished  production  of  heat  from  mus- 
cular relaxation  and  probably  lessened  irritability  of  the  heat-regulating 
centers.  The  temperature  regulation  in  deep  chloral-coma  resembles 
that  of  oold-blooded  animals  {Sollmann  and  Hatcher,  1908).  In  fatal 
doses  death  is  ordinarily  caused  by  paralysis  of  the  respiratory  center, 
although  it  may  take  place  by  paralysis  of  a  weakened  heart,  just  as  in 
the  case  of  chloroform. 

RM^ntory  Effects. ^Cushny,  iQij.founil  the  icspiralory  center  deprcoscd,  in  decere- 
brated rabbits.     With  ordinary  doses,  this  depression  was  masked  by  the  accumulatioa 
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of  COt.  so  thai  the  respiratory  movrniFnlx  were  alnKnl  oortnal;  but  wJih  Uritn  doH*, 
the  d^tcuion  ptcdominated.  with  diminution  of  rale  and  depth.  Uildojid,  191$,  tkn 
fouiiii  ihc  COi  tiireibold  raiMd. 

CudiAc  Effects.— These  are  sinular  to  chlorotorm.  Applied  to  the  expoMd  heanol 
frogs  or  lurt1ct,rhIora.I  produces  progfcMi-c  slowing;  diminished  ct>nltactil)1>-:  toMMd 
systole;  and  diastolic  sluuiistill.  The  arretted  bean  at  firet  K»|xindi  cauty  toftjairf^ 
but  cnn  not  be  ^tatted  by  atropiii.  Further  details  «ie  liocribed  by  V.  H. 
Schultz,  190A.  Similnr  dcpressnnt  collects  arc  seen  in  the  miunninlian  heart  (Bock,  ttgS; 
Gunn,  igij).  The  depressant  concentration  is  at  least  i  :  1,000;  the  fatal.  1  :  AJoea. 
The  oxygen  consumption  of  the  heart  U  decreased,  but  ni>t  as  much  as  its  actrriiy 
(Rohdc  ajid  OgawB.  igi  2). 

Siiddsa  Rnpiwge  <^  the  heart  may  occur  from  relotjvdy  small  dotes,  ia  CUM,  iiafa 
the  influence  of  eidiciuFni  (^llmann,  tgoS).    This  resembles  some  of  UiolimtaacaiK 

Vagus  Phenomena. —  In  mbbils,  dotes  too  small  to  affect  blood  pctMOie  or  h«Kt 
rate.  k-B;eti  tlicirrilBbilltyof  Ibi^  heart-muscle,  so  as  todelay  markedly  the  rttumpdOBc' 
the  but  under  continued  vogus  stimulation  (O.  Loewi.  1911).  Stmilaf  |ili«Mfw 
occur  in  frogs.  Tlie  aaelernloT  mecbtiniim  is  generally  deprosed  by  chlocal  (FredetiDq, 
1913). 

Excised  Intestines. — The  movcmcnli  art  incteaied  by  005^  per  cent-,  dfaniMAl4 
by  sltoni^er  conccnlralions.  This  reiny  he  preceded  by  Stimulation-  Later,  tiiatmt^ 
be  occa.'^ifiiial  slow  but  strong  con  11  net  ions  (Scmbdncr,  1913). 

Aclion  on  Melsbolism-^This  consiits  in  xn  increoived  destnidfon  o(  pcoUiB<  tie 
waste  products  being  excreted  in  a  ku  completely  oxidij^  cootfitkia  than  is  the  OM 
normally.  • 

The  urine  fiotii  is  diminished  during  the  nan'Osis  (Uinsberg,  191 1).  as  also  the  pfatojl- 
phthalein  output  (Whipple  and  Sp^,  1915).  The  uric  acid  excretion  is  socoewlai 
incrcBscl  (Abl,  ijjij)- 

The  uulput  of  nitrogen  and  neutral  sulphur  is  increased;  but  ia  ditlhtttit*  la  eUtn 
form,  this  h  delayed  for  several  day?  alter  adminiit ration  (Hainack  and  RefDat^  ''V^ 
nor  is  the  disturbance  ns  great  a»  Willi  chloroform.  Doses  so  lajge  a«  to  maintaia  antrtfe- 
sia  over  twenty-four  hours  may  nut  produce  the  chatacterislic  effects  o(  prakaged 
chloroform  administration  on  the  liver  and  kidneys,  or  only  aceasiomlljr.  and  to  • 
slight  degree  (Hopkins,  i<)i  3).  Severe  chloral  comn,  however,  is  followed  by  pNlNi(>f 
asoresia,  marasmus  and  la«s  of  weigihc  (Sollmann  and  Hatcher.  igoS).  Lbaauet,  if^ 
also  tounij  changes  in  the  ciudiac  ganglia  in  rabbits  (which  arc  specially  taaaptiUit. 

The  Local  Acdot^  of  ChloraI.^This  is  so  pronounced  a&  to  allow  of 
its  use  as  a  rubefacient.  Its  action  on  the  stomach  is  consequently  wry 
prominent,  and  it  must  be  largely  diluted  with  water  before  adminiuo- 
lion;  else  it  may  produce  vomiting.  In  any  aise,  large  doses  an  apt  to 
show  after-effects,  referable  to  a  gastritis. 

Acute  Chloral  Poisotiing. — The  lighter  grades  show  the  narcotic  p)*- 
nomena,  together  with  gastric  irritation  and  vomiting,  sometimes  foUoKd 
by  icterus  and  albuminuria,  skin  lesions,  and  ataxia.  In  severe  o» 
(as  by  '"knock-out  drops")  lliere  is  prompt  collapse,  or  delirium;  pote 
scarcely  perceptible;  severe  fall  of  temperature;  cyanosis;  dyspcxa  or 
very  slow  respiration.  In  fata!  case.t,  death  is  rarely  delayro  bey«id 
five  hours  and  may  be  almost  immediate.  Fatal  relap»e»,  after  appatoit 
recovery,  have  been  reported  (Purdy,  1889).  Large  doses  (as  in  the  Sim- 
ganoff  treatment  of  eclampsia)  may  kill  the  fetus  in  vlero  (Jung,  1914^- 

The  fatal  dose  averages  about  10  Gm.,  but  varies  greatly.  Death  hi* 
been  reported  after  i  to  3  Gm.,  and  recovery  after  to  to  28  Gm.  (Lewio). 
Doses  above  3  Gm.  must  be  used  t:auliously.  (The  dosage  for  cats  "ss 
studied  by  SoUmann  and  Hatcher,  1908.) 

The  treatment  consists  in  gastric  lavage;  emetics  would  often  be  in* 
effeclive.  The  patient  should  be  kept  wann.  Caffein,  strj-chnio  «» 
atropin  are  useful.  The  heart  may  be  stimulated  by  h>podeniiic  tuff 
tions  of  camphor.     ArltScial  respiration  is  given  as  needed. 

EffieieH£y  t>f  Crrrhrtd  Slimulitnis.— These  ore  of  little  avail  against  teait  *"* 
Utht  thkiral  «lccp,  however,  is  eauly  broken  by  caffein,  conln  or  tcuskydrMtp'V' 
imin:  nut  by  pheaol,  cpincphrin  or  ^tuilary  (Airila,  1913). 
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Outmic  Chloral  Poisoning.— Chloral  habit  is  not  inrluced  as  readily 
U  that  of  morphin  or  alcohol;  but  it  is  not  rare.  It  pn-scnls  the  symptoms 
and  degenerations'  of  chronic  alcoholism,  with  more  wvcre  gastric  and 
cutaneiius  man  ifeslat  ions.  The  tolerance  is  only  moderately  increased 
and  sudden  death  is  not  infrequent.  Chronic  diloral  poisoning  has  been 
studied  in  dogs  by  Wallace,  1912.  Habituation  to  morphin  does  not 
confer  tolerance  for  chloral  (H.  B.  Myers,  1916). 

Chloral  habit  is  treated  in  the  same  general  manner  as  other  <Irug* 
habits. 

Therapeutic  Uses.— Chloral,  as  all  the  aliphatic  hypnotics,  is  used 
especially  in  insomnia  of  psychic  origin.  In  ordinary  nervous  insomnia 
it  should  be  given  in  small  doses  of  0,3  to  i  Gm.  (j  lo  15  gr,),  usefully 
combined  with  i  Gm.  of  sodium  broniid.  Its  taste  is  not  easily  disguised; 
it  may  be  given  in  sherry  or  Syr.  Aurantii.  Larger  doses  are  needed  in 
mania  and  in  delirium  tremens.  In  the  latter  condition,  the  large  doses 
have  often  caused  collapse.  It  is  not  very  elTectivc  against  febrile  de- 
lirium or  pain.  The  addition  of  morphin  secures  a,  stroagcr  effect  than 
if  either  were  used  alone  (Knell,  1907). 

Chloral  is  one  of  the  most  useful  sedatives  against  the  cenvuhions  of 
strychnin,  tetanus  (Dreyfus,  1914).  eclampsia,  etc.  Fairly  large  doses 
are  needed;  but  it  is  safer  lo  use  moderate  doses  (a  to  3  Gm.)  repealed  at 
(airly  long  intervals  (to  five  or  six  times  per  day),  and  supplemented  by 
chlftroform  inhalation.  Chloral  may  be  given  by  rectum;  am)  is  thus  rather 
more  effeciivc  than  by  mouth.  It  can  not  be  used  hypodcrmically,  be- 
cause of  its  irritant  action. 

Chloral  is  also  used  in  asthma  and  sfiukknifss,  but  the  benefits  ar« 
uncertain. 

Locally,  it  is  sometimes  employed  against  neuralgia  and  pruritus,  as 
an  ointment  (15  per  cent.),  or  as  (Moral  camphoratum,  N.F.  (the  liquid 
resultiog  by  triturating  equal  parts  of  chloral  and  camphor. 
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PBEPABATIONS — CHLORINATED  HYPNOTICS 

•Odernlun  Hyd'otum,  U.S.P.;  Chiaral  Hytras,  R.P.  (Chloral  Hydf).;  IlydrnUtl 
CHotai,  LCIiCUH  4~  Hi(>. — ^Colorlcss  transputcnl  LTysliilg.  ul  ueni'ltitlinK  aiomutlc 
odor  and  bittcriih  caustic  taste.  Slowly  volatiUxed  when  cxpOKd  to  air.  Very  sol.  in 
waler  (i  :  0.95):  freely  sol.  in  ale.  (1  :  i.j)or  eth.  and  oils,  fixed  or  volatile.  Ituonpati- 
Ue  with  alkalies,  caiboaates,  and  compounds  of  Hg..  1,  or  I'b.  Dose,  o.j  Gm..  8  gi,. 
U.S.P.;  o.s  to  I.J  Gm,.  5  lo  10  gr.,  B.P.;  largely  diluted.     MaximiU  dose,  4  Gm.,  Oosr, 

Sy.  Cilmal.  B.P.— jo  pa  tent.  Daie,  i  lo  8  cc.  ij  to  i  dioms,  B.P,  One  dram 
coatuiu  11  gr.  of  chloraJ. 

OTHER  CHLORIMATED  HYPNOTICS 

Many  of  these  have  been  suggested  as  substitutes  lor  chloral,  bui  none 
arc  seriously  superior.  Several  are  compounds  which  owe  their  activity 
merely  to  the  liberation  of  chloral.  Since  promptness  of  action  is  gener- 
ally desirable,  the  slow  and  uncertain  liberation  is  a  disadvantage. 

BbW-«U<W»1  Hydras,  B.P..  N.N.R.;  Cro  ion-Chloral  Hydrate.  CH.CIIClCClr- 
CH(OH)i.— This  was  also  iiUroduccd  hy  Llebrcich,  1S71.  Its  action  is  more  powerful 
but  dioner  than  tliat  ol  chloral  (.MeriDg.  1875).  it  bus  bt«Q  used  e«pecLiilly  in  facial 
neuialgiii.  Sol.  in  water  (i : 40);  very  sol.  in  olc.  o« glyc.  Dose,  03  to  i.i  Um.,  5  to  10 
gr.,  B.P. 

CUorbutanOl.  N.N.R.;  Chi orolotm-ace tone;  Melbsform;  CTilorelonc,  CCliC- 
(OH)CHiCili.— ThUii  produced  by  the  action  of  caustic  alkuIlM  on  a  mixture  ol 
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cbhimfonB  tad  Ketone.  It  acu  similarly  to  chloral,  und  is  probsblyntlwr  morvt 
Ompm,  loot);  loogt.  ha^-vcAuicil  severe  [H>isanint;.  hul  toMvety  oooined  (forfnfttuf 
dttuls.  StUcTt,  Nebrnnirk.,  loi;,  p.  44)-  It  »  isi^d  muinly  u  a  mild  local  uMtthetic. 
ntiseptic  and  prcMrvativc  inr  hyiiodcrmii:  tnlutions.  thsf,  0.3  ta  1.5  Gm.,  5  to  jo 
BT.,  U  powder.  L«ctil1y,  as  euluriitcil  watery  solution,  K  :  i.ooo.  ItbtoLniou,! 
Mttly  sol.  in  nIc.  aind  (al-iotvtfnts. 

ChlorbuLanol  ix  um<1  at  an  anrsthrtk  for  laboratory  ammols,  as  it  allom  of  long  1 .     

linn»  wilhout  rcctuIritiK  any  altCQlion.  The  dost  arc  ipvcn  the  usual  doce  of  morpUft. 
As  soon  as  vomiiiD);  ba  occuntd.  o.i  Gm-  at  cklotbutaiiol  per  kilocnni  ol  ■f^wil.  ti 
ailmini^trrcd  by  stomach-tube.  The  dilorbutanol  is  previouily  diuolved  in  tbe  nwH 
c^t  [)iissil)U'  amount  of  alcohol.  The  anc6theua  Is  completn  in  ^[tc«a  to  t«cnt]r  mli- 
ntcs,  utid  tjsts  $e\(.-ra1  houn.  T\ir  blood  pressure  filli  rapidly  in  rabbits,  sloaly  bl 
dt>g5.     Chliirhiii-.iTiol  h  in.-iiii'i^nhlc  n'hcn  ll  is  nishcd  to  have  the  aniinal  rcenwei. 

Chloraformflinidum   fthlixal  K.tmam  ),  HP.  (Chlorallinid) .  Ca,-CH(OH)SI^ 
COH.— This  wiis  introduci-d  bv  v.  Mcring,  1SS9,  with  the  idea  that  the  facBUHM 
(CHONIlt)  would  couittrriiirl  inc  medullary  dejircssion  of  the  cblotaL     Tfak  m*  aH 
re«lir«d;  it  h  merely  a  Ifm  active  bypnotli',  btrinK  probably  slowly  dcctxniMMd  tau 
chloral.     Sol.  in  wnlcr,  freely  in  nlc.     Dote,  t  lo  j  Cm..  15  lo  4j  gr.,  B.P. 

Chlonlose. — This  compound  of  chloral  and  glucose  wax  Introduced  by  BtStrt, 
iSKR  and  iSijj.  It  ihodea  ccinlaminaled  with  the  nun-bypootlc  but  tOidc  paradilo- 
ralose  (Mo~£o.  1S91). 

Isopral,  tricblorisopropyl  alcohol,  is  over  tvricc  a&  active  U  chloml,  and  its  aOiaM  it 
more  prompt.  Imiicns,  igoj,  claimed  that  It  h  iaS*r  than  chloral;  but  Sollsiaaa  aM 
Hatcher.  looS.  havt  shown  this  clnim  to  be  totally  unjustified-  Ibe  cUnkal  wb 
actions  arc  described  by  Seifcrt,  Nebcnwirtc,  191;,  p.  71. 


PARALDEHTD 

General  Statement.— This   wiis  introduced   by  Cervello,  1881.    Its 
actions  arc  dmilnr  to  those  of  alcohol  (KTacpcHn,  1893);  but  the  hypnotic 
effect  U  more  powerful,  and  sets  in  very  promptly,  so  that  the  patieoi  nty 
be  asleep  in  ten  to  fifteen  minutes.     He  should  therefore  be  in  bed  bdoR 
the  drug  is  given.    The  sleep  ii  normal;  and  witli  ordinary-  doses,  wilbout 
afler-cfFects.    The  drug  is  less  certain  and  less  [xiwerful  than  dtlool: 
but  therapeutic  doses  do  not  tend  to  depress  the  heart  and  respintioa. 
I(    is   not  analgesic.     Its  principal   di  sail  vantages  are   the   dJMgrmtif 
pungent  taste;  fusel-oil  odor  of  the  breath,  persisting  over  a  day;  initatiia 
of  tlie  throat  and  slomach;  dizziness  and  faintnes3  (Seifert,  Nebenwicfc., 
1915,  p.  64).     Tolerance  is  generally  acquired,  and  a  habit  is  not  infr^ 
qucnt.    This  presents  the  phenomena  of  chronic  alcoholism,  iochuSv 
delirium  tremens^  (Fornaea  and  Querelli,  191 1).     Its  acute  toxicity  isknr. 
K>  that  100  Gm.  pnxluccd  only  very  prolonged  sleep- 
Indications  and  Administration. — Paraldehyd  is  used  when  chlonl  Js 
contraindicalcd,   particularly  in   delirium   tremens   (Theunisan,   191^; 
in  the  insane;  in  alternation  with  other  hypnotics,  etc    The  ordinaiy  doK 
is  3  cc,  45  minims,  raised  in  severe  cases  to  5  to  15  cc.  (1  lo  4o)-   '' " 
best  given  in  iced  water,  tea  or  claret. 

HMabolism. — Hypnotic  do«c»  (in  dogs)  lower  the  blood-suear,  and  hare  narfKi 
on  the  nitrugen  excrelion.  AnMthctic  dote*  produce  covwderable  hypet^irtWM'*" 
fdycoturin.  and  a  coniidcrablc  dectrAtc  iif  nitroKCD  cxcrclloa  (Ptnnll,  Ifut-      _ 

Olhei  aldehyde  o(  Utty  acids  arc  uud  to ptMUCeanctUI  diMOMlB  nMiB(Pi*'T 
and  FrothinKhanL.  1914). 

PREPARATIONS — PARALDF.HYD 

'PurMrhydum  (['araldehyd.),  U.S.P.,  B.P.,  (CH.CHOJ ^^ A  poljner  <l  |«lKr- 
byd.  Colorku  transparent  Uijuid,  of  itronK  charactcrlstk  odor  and  buna(  f*- 
Sol. in  water  (i  :  S),  freely  niiicible  with  ale.  iJsie, ic.c., 30 infniBis.U.S.P.;  italic 
M  to  s  drams,  B.P.     Afaximitl  doit.  5  Cm.,  75  gr. 
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Amykn  Ilydriil*  (Ilarnock  and  Meyer,  i8mJ. — Tcftiaty  amyl  ilcnhol,  {CHOi-- 
C-CiHiOH.  It  ranks  between  chloral  and  paraldcbyiJ.  It  is  ialA  tu  Ivmea  Vat  pohr- 
diptiii  and  polyuria  of  diabetes  iialpidus.  Colorless  fluid;  sol.  in  8  paru  of  natei,  readily 
inaU.    D^t,  1  to  ;  Cm.  (is  to  30 E^.),  in  glycerin. 


I 


I 


I 


SULPBONAL  (SULPBONHETHAHDM) 

General  Statement— The  elhyl-sulphoncs  were  introduced  by  Bau- 
mano  and  Kast,  t888.     Sulpbonal  has  ihe  structure: 

CH,  SOs-C,Hi 

X 

CH,  SOs-CsHt 

The  hypnotic  action  is  connected  with  the  ethyl  radicals,  and  is  further 
enhanced  by  replacing  the  remaining  methyl  radicals  with  ethyl  {trionai, 
one  replaced;  tetrotial,  both  replaced). 

Sulphonal  is  a  rather  powerful  hypnotic,  but  a  weak  analgesic.  Its 
absorption  and  therefore  its  effects  are  slow,  sleep  occurring  only  after 
one  to  five  hours.  Its  administration  must  therefore  be  properly  timed. 
Tlie  sleep  lasts  six  to  eight  hours,  and  the  effect  persists  somewhat  during 
the  neit  day,  with  vertigo,  lassitude,  drowsine.'is,  and  depression.  This  is 
due  to  the  delayed  excretion,  which  is  even  slower  than  the  absorption; 
thus  tending  to  cumulative  effects  and  very  dangerous  poisoning,  if  the 
administration  is  continued  over  longer  periods.  Sulphonal  is  therefore 
unsuitable  for  prolonged  use.  In  acute  cases,  or  in  alternation  with  other 
hypnotics,  it  has  several  advantages.  Its  taste  is  not  unplea-iant;  it  does 
not  produce  gastric  irritation;  ordinary  doses  do  not  affect  repiration  and 
circulation;  and  the  fatal  dose  is  generally  much  higher  than  the  therapeutic. 
It  does  not  induce  tolerance,  but  may  probably  cause  a  habit. 

Acute  Poisoning. — The  symptoms  consist  in  prolonged  and  profound 
sleep,  with  gradual  failure  of  the  circulation  and  respir.ition.  Death 
occurs  usually  after  several  days.  It  has  been  reported  from  5  to  30  Gm. 
(Knaggs,  i8go);  vshile  100  Gm.  have  been  survived  (Neisser,  1891). 

Chronic  Poisoning.— This  has  been  produced  even  by  ordinary  thera* 
peutic  doses,  when  continued  for  some  weeks.  The  symptoms  develop 
slowly  and  consist  in  nervous  depression,  gastro-intestinal  disturbances, 
and  urinary  changes.  The  appearance  of  hematopoq>hyrin  in  the  urine 
(dark  cherry  color)  is  particularly  characteristic.  Skin  eruptions  arc  some- 
times seen.  If  the  drug  is  stopped  when  the  symptoms  are  light,  recovery 
occurs,  but  is  very  slow,  .\fter  the  urine  changes  have  set  in,  the  prognosis 
is  discouraging;  death  occurring  after  some  weeks  by  general  exhaustion. 
The  autopsy  is  generally  negative  (Taylor  and  Sailer,  1900). 

TMr  printipai  ivmplomi  o(  elirooic  poisooitiB  arc  the  (ollowing:  Nmoiu:  confudoa, 
parcao.  xtuxii.  Digtilivc:  Almost  conilnuous  votnitinK.  iibdominal  pain,  particularly 
■bout  umbiticut,  with  t\'mpiinitcs  nnd  obstinate  diarrhea  or  constipation  (A.  W.  Rogcrc, 
tail}-  Vrint:  Hemaioporpbyrin.  mc  I  hemoglobin  and  red  forpu^clcs,  ulbiunio,  casts. 
Ugh  MJdity.  The  literature  of  tilt:  side  actions  is  given  by  Sciiert.  NebeowirlL.,  iQiJ, 
pt  Q):  Trional,  p.  04. 

The  ocairrcnce  of  hematapnrphyrim  was  described  by  Stokvis,  1880.  It  It  rutly 
ttta  in  acute  poisoninit.  but  is  ver)'  freouent  and  fairly  early  in  chionio  puisoninK.  Il 
can  be  produced  in  nibbitf ,  but  not  in  dogs  (Neubaucr,  1900).  The  hematoporphyrin 
is  jjfto  loimd  in  the  bite  (Pfoennei,  1^14). 

Excretion.— Sulphonal  is  excreted  portly  aa  ethyl-tulphooic  acid,  partly  unchanxed 
by  tbe  urine  «nd  intestines. 
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Administration. — Sulphonal  is  used  in  nervous  in^tmnia,  epeda!^ 
wbcn  chloral  is  contmindicatcd.  The  ordinary  doses,  0.75  to  1  Grn.,  19 
to  15  gr.,  or  in  severe  case^  2  Om.,  are  taken  in  hoi  milk  at  least  fourboun 
before  bedtime.  A  smaller  dose  may  be  taken  the  second  night.  Tk 
administration  should  not  be  continued  beyond  a  week,  when  an  inter- 
mission must  l)c  made.  It  is  generally  advisable  to  prescribe  catbanics, 
alkalies  and  plenty  of  water. 

TRIONAL 

Trional  is  more  effective  than  sulpbonal;  and  being  more  soluble,  itl 
absorption  and  action  are  more  prompt,  producing  sleep  in  one-half  W 
one  hour.  It  has  the  same  dangers  as  sulphonal,  and  the  latter  is  mudi 
more  commonly  used. 

TETROHAL 

Tctronal  is  less  soluble,  and  therefore  too  slow. 

PRKPARATIO  NS — S  V  LPUON  ALS 

'Suipkimmahanum    (Sulphonmttii.).    U.S.P.   Sutphoi*^,    B.P.    (DIetb 
diincihjl-mcth.ine);  (CHi),.C.tSO(CiHt)j-— Coloriea,  odorlws  »ad  ae»riy  uwIm 
crystalline  powdcc,  slighll)'  sol.  \a  wntor  (r  j6s)i  »ol.  in  boUinit  vaict  (i:i5iuKliiik- 
(t:6o}.     Doir.o.js  Cm.,  tt  gr.,  U.S.P..  0.6  to  1  Gm.,  to  to  30  ip.,  B.P.,  «■  r"***- 
MaximBl  dose,  t  Gnu,  30  gt. 

Stdphanr-lhytmillianam  (Sulphotietllylnlelh.),  U.S-P.;  \fetkyUHlphtiial,  B.P,  iW 
onal;  Diethyhulphone-nicthylttlij!  methane);  (CH.) (C.H.;C150.C,H,)^— Ci*H« 
odorlcM,  crysullinc  scales;  bulcr  ii*ic.  Slightly  tol.  in  water  (i::oo):  »6L  ll  dt- 
Dose,o.y$C,ni..  ugr,,  U.S.P.;o.On>  i.v  Cm.,  lotoiosr.,  B.P.,  u  powder.  if«W 
Aim,  >  Cm.,  JO  gt. 


HYPNOTIC  DREA  DERIVATIVES 

These  furnish  a  convenient  means  of  exhibiting  the  alkyl  groops.  >** 
efficiency  being  apparently  enhanced  by  the  urea  combutatkm.  1^ 
three  most  important  types  of  compounds  arc  represented  by  BroinUfi!. 
Veronal  and  Urclhane,  as  may  be  seen  from  the  following  formulas: 


NH, 


CO 
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NHt 


CO 


NH, 

-   Un 

NH— CO 
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CO 
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NH  COCHBr  CH  (CH.)  t 
CsHt 


NH— CO  CHs 

••  Veraiwl  'ilielbyl.miilunyl-umi;  diechyl-tarbsturic  atxt) 
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—   Carbamic  asid    -  UirlhuM  lilhytoibunati)    a  Hadaul  (nwUixl-prapTl- 

cubUa(.«f«UuiM) 


HYPNOTIC   UREA   DEBT\'ATIVES 


599 


I 


VEROItAL  (DIETHYL-BARBITORIC  ACID) 

General  Statement.— This  was  introduted  by  E.  Fischer  and  Mering, 
1903  and  lyoj.  Il  has  a  number  of  advaotages  over  the  othtr  hypnotics: 
It  is  even  more  powerful  than  chloral  and  somewhat  more  analgesic;  it 
does  not  produce  local  irritation,  and  the  taste  ia  not  so  disagreeable.  The 
margin  between  the  ordinary  therapeutic  liosc  (0.5  Gm-)  and  the  loxic 
dose  (usually  8  to  10  Gm.)  is  somewhat  wider;  and  the  ordinary 
doses  have  little  effect  on  the  blood  pressure  and  respiration. 
However,  fatal  collapse  {by  peripheral  paralysis  of  the  blood  vessels)  has 
occurred  in  several  cases  from  relatively  small  doses  (lo  to  15  gr.,  0.65  to 
I  Gm,,  J. A.M. A.,  S3,  1833,  1900).  On  the  other  hand,  recovery  has 
resulted  after  10  Gm.  Small  doses  are  somewhat  diuretic  (A.  Hoffman, 
1Q06),  The  action  is  rather  slower  than  with  chloral,  but  more  rapid  than 
with  stdphonal.  After-depression  is  exceptional,  but  more  common  than 
with  chloral.  The  usual  dose,  0.5  Gm.,  8  gr.,  induces  a  deep,  dreamless 
sleep  in  one-half  hour;  or  even  more  promplly  if  the  soluble  sodium  salt 
is  used.  The  patient  generally  awakens  refreshed,  but  exceptionally 
suffers  from  lassitude,  vertigo,  headache,  nausea,  diarrhea,  and  skin 
eruptions. 

Veronal  is  excreted  slowly,  so  that  ordinary  doses  may  produce  serious 
cumtilative  effects  similar  to  those  of  sulphonal,  but  rather  mure  slowly. 
Ner\-ous  sjTnpioms  are  especially  prominent  (Glascr,  1914).  It  must 
therefore  be  intermitted  after  a  week.  Habit  has  been  reported  (Krcp, 
'905)1  but  tolerance  is  not  easily  acquired. 

Acute  Veronal  Poisoning.— This  bus  been  rather  frequent;  a  number  of  casts  are 
colleclnl  by  Hefltpt  and  Locb,  tgo6.  Thi;>'  pre^nt  the  phenomFca  of  comu,  fall  of 
blood  pressure,  inbic  heart,  vixsodilntion,  marked  fall  ot  temperature  even  wjtli  moder- 
ate doses,  umreasctt  refleiea,  somelimes  convulsions;  slower  »nd  c«pccui1ly  shallonr 
Tesinration.  asphyiia,  but  wilb  constricted  pupils;  rcnni  irriintion,  diminiilicd  urine  or 
anuria;  cxiinlhcmata  (circumscribed  dermuiitis  reported  by  Znistcr,  (911).  Rommel, 
iQii,  describes  rpiLhcIial  necrosis  of  tbe  kidnej's  in  twu  latal  Ciiaei.  without  clinical 
signs  of  nephritis.  The  general  effects  have  been  investigated  by  Groebcr,  igii; 
Koemcr.  igis;  and  by  Jicobj,  1Q12. 

The  literature  ot  UK  ctlnicul  lAde  actions  is  given  by  SeKerl,  Ncbenwirlc.,  1915,  pp. 
75  and  00. 

Vasodilator  Action. — Jaoobjand  Rocmcr.  191 1,  refer  the  io«ic  pcculiaritiei  of  vcronnl 
toa  direct  .iction  on  the  blood  vessels,  [•erhnps  (in«loKous  to  an  nreenic  cllecl.  They 
thnvfort  advise  uc^iust  its  use  ivlien  the  circutali.jii  uiid  leipirution  ii(c  depressed. 

n*  beatment  of  acute  poisoning  would  be  ulong  ilie  snme  lines  as  (or  chloral: 
.Lavage,  cathaitic^  and  stimulants.  Bacbeiii  found  caSein  the  best  antidote.  Tholl. 
■91:,  .iho  rcommcnds  acetic  clher. 

Fate  and  Excretioft.— Veronal  is  eicreted  almost  eiduMvely  by  the  urine,  only  traces 
Hipcartng  in  the  feces.  When  given  by  moutfa,  about  ftj  pet  cent,  arc  eliminiited  un- 
Oangcd.  This  proportion  is  not  altered  on  continued  use,  so  that  the  rciuHindcr  must 
be  dealroved  (A.  Hoffman.  1906).  The  proportion  eicreled  mav  rise  to  90  per  cent. 
with  small  doses  hypodermically;  and  (all  to  one-half  with  large  dojcs  (Bnchcm,  iqio). 
The  ewretion  is  very  slow,  requiring  several  days  even  after  0,5  Gm.  This  explaim 
the  cumul.ilive  effecls. 

Chronic  Veronal  Poisoning..— This  shows  confusion,  ataxia,  debility,  gasttn-ince^- 
tiaa)  irritation,  anemia  and  bematoporphyrin. 

Indications.^Veronal  is  used  in  nervous  insomnia,  mania  and  delirium. 
It  appears  to  be  highly  effective  in  delirium  tremens,  0.5  Gm.,  three  times 
daily  {Dreyfus,  1914).  It  has  also  been  employed  against  vomiting,  sea- 
sJckiicss,  migraine,  and  for  combination  anesthesias  (Wolfram,  1906). 
It  is  taken  dry  or  in  hot  liquids.     If  a  more  rapid  action  is  de&ired,  the 


6oo 


IIA.SUAL   OF   PUABllACOLOGV 


soluble  ftotllum  salt  may  be  given  (KabseDsUio,  1909);  but  its  taste  is  more 
disagreeable. 

PREPARATIONS— VERONAIS 

'Acidnm  DiirHtyl-hathituntum  (Acid  Diflcthvlhorb.},  N.N.R.;  Barbilimtm,  Bi". 
(Veroniili  Uiethyl-nulonyl-urca. — White.  cr>^t;ituiir  (lowder,  odorlcu,  fsintly  hina. 
SUghtly  *o\.  in  wAler  (1:150);  noi.  in  boilini;  water  (t:i;)  and  in  ale  n«ir,  o-jloai 
Gm.,  s  to  togr.,  B.P..  in  hot  milk  ur  hoi  lemunadr.     A/ii.itnwI4ai'.  ■  Gm..  tjgr. 

Sodii  DtarthyI-barbi:uros,  N.X.R.  (Veronal  Sodium;  Mcdln*!).— Tlie  imw- 
»odium  salt.  Freely  sol.  in  water,  llie  anhitian  having  a  bitter  olkaUne  l«3le.  Ma;  bi 
used  bv  rccium  nnd  perhaps  hypodermitatly. 

Di'pt«pyi~b<ithitutic  Acid.  FropoHn!,  was  also  introduced  by  Flicher  and  Mrfiac,  i$m 
and  1905.     It  is  more  powerful  Ifann  vi>ron.i].  but  motif  dnn^rous  and  tcM  idiaMe. 

Pkenytakyl-barbilu'ic  Add.  N.X.K  ;  Luminnl.— Resembles  PicfwiMl  ^^^"f^ 
1013).  Its  sodium  'nit  hns  been  used  hypodermically.  mpedally  in  cpilcm  W> 
Kloti,  lOis).  Thch>-pnolicundfut.ildo^cnrcc1oi(-t')Kethef,aDd  lhcdrculatonraq)» 
uon  h  severe.  Tndclei,  191.1.  ^roleils  nn^inst  iti  u>c  lu  loo  dangerous.  Hw  nUntm 
af  the  clinicnl  side  actions  is  given  tiy  Sciferl,  Nebenwirk.,  iQi$.  p.  TJ.  iNof  (Didfl- 
roslunylurca)  has  no  udvoDCagc  over  other  utdd  hypuotia  (C&^aldi,  ■415). 

BKOMDRAL,  N.N.R. 

This  is  a  mompl  but  very  mild  h)'pnotic.  effective  only  in  &l^ht  nerrous  taaewto. 
It  is  not  itnnlgesic.  find  is  rendered  inefTcclive  by  cough  or  delirium.  Oidiaatyfas 
have  no  side  eSects  (v.d-  Eeckhout,  ii>o7;  SoU'mann  a.nd  Hatcher,  1908;  BMOlm, 
Scifert,  Nebcnwirk.,  191;,  p.  48).  Inmnn.  o.j  loo.qGm.  BreefiectiveiaftvelolMff^ 
live  minutes.  producinK  fi  n&turnl  sleep  iHStin^  three  to  five  houn,  frilhout  (KJttetf 
(Krieger  «nd  v.d.  Vetden).  It  dis9olvc»  in  hot  water,  but  not  ia  cohL  AdlUiEit 
closely  related  substance. 

URETHANES 

These  have  been  disappointing  in  man;  the  hypnotic  action  is Itcl'^ 
and  patients  soon  become  immune.  The  efficiency  increa.-**  witfc  tta 
magnitude  of  the  alkyl  radicals  (Bineil.  There  is  aiso  a  decided  diuMic 
eScct. 

£THYL  CASBABiUlE 

Tliii  acts  more  satislactorilv  o-n  animils  than  on  man;  prodadag  a  opd  11^ 
profound  narcosis,  with  lilllc  change  in  the  ciiculation  or  11  iiiii  iliiiii  (iilniiiii*l«il 
1B85).  It  is  therefore  employed  as  a  laboratory  aimtbetic.  Tfle  COi  lhr«»hoU«(tfc 
respiratory  center  b,  however,  somewhat  tjiised  (Wieland.  1915).  It  dcflnMS  It* 
'iiygen  consuin|>lion  (VV'interstcin,  ic^id).  l-atge  dosn  cause  in  rabbit*  a  •nti^ 
degenoratioD  o!  ihe  hepatic  rpithelium  (Sollmann). 

It  abo  lowers  Ihf  phtnolpliihHldn  output  (Whipple  and  Speed,  igij).  LupdMB 
produce  hyftrttyifmia.  indepeudrnt  uf  the  quantity  of  tiver^glycogen  and  niai  |it<j*i 
and  unaffected  by  pituitary.  Bang,  toi*,  bclicvo  tlut  tl  act*  tbrou)^  pajoatk 
degencratioQ.    It  Is  cicrclcil  nr.  urea.    Side  actioDS,  Sdfcrt,  NcbenwUk.,  191s.  ^1^' 


PREPARATIONS — VRETRAWtS 

^rtyli)  Carbamo!  i.'Eikyl.  Carb<un.),  D.S.P.  (Urcthane);  CO^OC,H.>HH^-C^'•■ 
less,  odorlcK  crystals  of  saline  la.'^le.  very  sol.  to  water  (1:0^5)  and  in  alt-  (i:(A- 
Doit,  I  Gra.,  i;  gr.,  U.S.P.^  to 4  Gm. 

HtdoHoJ,  N.N.R.,  is  twice  as  active  as  urethane  (DrtMf,  i8m).     It  ba*  tb(M* 

neral  cQects,  its  absorption  is  relatively  *low  and  ii  i»more  leac.  Itsdeaeait^ 
ble  that  of  chloral.  It  has  be«ii  uied  inlravenouily  for  aneatbena  (Jcnotek 
Page.  toii);aa.75  per  cent,  fioluliun  in  normal  Mlin*  bratR  InitcUd  at  ibe  tstttfj** 
c.c.  per  five  miDUtM.  reduced  to  jo  c.c.  when  anestbc^  is  attaixieil.  Its  Me  k  da^** 
ous.     Literature,  Scifert.  Nebennirk.,  1915,  p.  67. 
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THE  SYSTEMIC  ACTIONS  OF  GASES 

GtoentI  Statement. — The  respiration  of  oxygen  is  essential  lo  life. 
A  deficient  supply  of  this  gas  leails  lo  ihe  phenomena  of  asphyicia.  A 
JJU  "Tiber  of  gases  (N,H.CH»)  act  merely  by  excluding  oxygen  mechanically. 
-*'t»is  sl.w  forms  an  important  element  in  the  action  of  nitrous  oxid,  as 
c»rclinarily  used.  Carbon  monoxid  also  acts  by  excluding  ox>-gen,  but  it 
^**es  »  chemically.  Other  gases  have  spccilic,  direct  actions,  especially 
■»  the  central  nervous  system.  Oxvgen  iiscU.  when  at  a  pressure  of  scv- 
*>-l  atmospheres,  is  toxic.  Carbonic  acid  and  nitrous  oxid  produce  their 
cwliar  aclionft  at  lower  pretwures,  but  the  air  must  contain  con-uderable 
I*^o ix)rl ions.  Sulphuretted  and  arsi-niureUcd  hydrogen  arc  toxic  in  very 
«-«Ti_aJl  proportions.  The  caseous  adds  (sulphurous,  nitrous,  etc.),  alkalies 
C'^  mmunia)  and  halogens  (bromin  and  chlorid)  act  mainly  as  local  irritants. 
*— ^«> m pressed  air  acts  mechanically. 

Itapidity  of  Action. — The  eSecu  of  gases  appear  very  promptly  after 
E^^fE^nning  Ihe  inhalation,  and  disappear  a.s  rapidly  when  the  animal  is 
r»^»i».«zlc  to  respire  pure  air.  This  is  due  lo  the  large  surface  and  large 
c^a^ utility  of  blood  exposed  to  them  in  the  lungs.  As  these  factors  are  rebi- 
l » '^•«=^ly  greater  in  small  mammals,  these  succumb  and  recover  very  much 
nr^  «>■-«  rapidly  than  man,  and  may  indeed  be  used  as  a  test  of  the  safety  of 
a-  ^uspecte<)  air.  WliiUt  the  recovery  from  the  direct  effects  of  gases  is 
T^k.X*>^*'>  indirect  aftcr-cSects  may  be  ver>'  persistent. 

jTke  quiMiitalive  efett  of  gases  depcruis  on  iheir  partial  pretswe  In  the  air. 

.^  C-    ordinary  barometric  pre^ure,  tliis  is  equal  lo  the  volume-percentage  of 

tl^^    fias.     But  it  is  important  to  remember  that  the  effect  of  the  normal 

f>^  rcrcrntage  of  ox>-gen  at  half  an  atmosphere  pressure  is  the  same  as  that  of 

V^VC    the  percentage  at  ordinarj-  pressure;  and  conversely,  that  i  per  cent. 

**^    a.  gas  at  3  atmospheres  produces  the  same  effect  as  3  per  cent,  at  1 

**■*»  usphere . 

The  iympioms  produced  by  most  toxic  gases  resemble  those  of  asphyxia, 
•^^el  this  whether  the  effect  i^  pr<)duced  by  the  absence  of  oxygen;  or 
^*»eiher  the  gas  has  a  specific  toxicity,  'ilicy  are  closely  related  to  those 
oS  anesthetics. 


mrsons  ozid 

Geoend  Statement — Nitrous  oxid,  NiO,  nitrogen  monoxid  or  prot- 
***>d,  "laughing  Gas,"  was  the  first  of  the  inhalation  anesthetics  and  is 
still  ihe  safest.  When  inhaled  undiluted,  il  produces  very  rapidly  un- 
^nsbousncss  and  anesthesia,  partly  by  a  direct  narcotic  action,  and  partly 
**y  tscluuon  of  ox>'gen.  The  asph>'xia  limits  its  use  to  very  short  oper- 
*ticMu,  such  as  the  extraction  of  teeth.  It  hn-i  the  advantages  of  prompt 
^'^tion  and  recovery,  absence  of  irritation  and  of  aftcr-cSccts,  and  is 
p^'^tically  devoid  of  danger.  By  the  ad<lition  of  oxygen,  the  asphvxial 
j^^tor  may  be  removed.  The  anesthesia  also  becomes  slower  and  lignter; 
"^  t  by  carefully  adjusting  the  percentage  of  oxygen  (5  lo  10  per  cent.),  a 
^*tisfaelory  degree  of  surgical  anesthesia  can  lie  maintained  for  long 
^liods,  without  letting  ihe  asphyxia  obtain  dangerous  proportions. 
?*itroijsoxid  is  especially  valu.-ihlein  the  "  Gas-Ether  Sequence,"  by  avoid- 
*^  the  unpleasant  features  of  the  induction  of  ether  anesthesia. 


6o3 


MANUAL   or  PUABMACOLOGV 


Historical.— Kit  roil'  oxld  was  firet  preoBwd  by  PricMlcy  about  1776.  The  &cm- 
erv  of  its  uiio&Ihrtic  propprtics  by  HumiiDfy  Duvy  and  1^-  Wrlb  b  dOrcnbed  Modcr 
"iithct"  and  "Clhloioforiti,"  Elswotth  (Boiton  Med.  and  Sotg.  Jotu^,  37)  Is  l»- 
uary.  i!<43.  uttipu luted  a  (high  under  succcMful  EiUrous  oxid  uieilhetta.  lis  sdnBU' 
trnlion  with  oiygcn  wtis  introduced  by  E.  Andrews  o(  Chicaeo  in  i868;  and  iht  Utt  of 
8uch  mixtuTts  und^r  pressure  by  Paul  Bert.  tHSo.  The  tccniuc  of  its  lue  in  swpal 
o|wraiiijns  lu'i  been  «.\(cii)'ively  rlaburalcd  in  recent  yeur«. 

Inhalation  of  Undiluted  NiO. — For  short  operations,  as  in  dentistxr, 
the  gas  is  administered  through  a  tighl-fittiiij;  nmslc,  so  that  all  air  ii 
excluded.     The  symptoms  run  a  very  rapid  course:   the   prelimiMtj 
effects  consist  in  a  sweetish  taste;  numbness;  exhilaration   (laughter): 
confusion;   <leej>cr   and    quicker   respjratii^n ;   and    fuller    pulse.     PaiM 
anfsthrda,  with  loss  of  consciousness,  ensues  in  twenty  to  ihiriy  sccooik 
The  patient  is  subject  to  dreams  and  the  anesthesia  is  imperfect.    Tbt 
reflexes  are  preserved  and  excitement  mav  be  present,  especially  if  lit 
patient  is  disturbed.     The  respiration  is  still  regular,  deep  and  qiuciemd; 
the  pulse  full  and  rapid;  the  pupilt^  enlarged;  the  face  dusky,  livid  ar 
palli<l;  the  eyelids  twitching  and  slightly  separated.    Compltte  tmattau 
occurs  in  fifty  to  one  himdred  and  twenty  seconds,  averaging  fifiy-ai- 
Us  onset  is  denoted  by  a  change  in  the  respiration,  which  become*  sligbt^ 
irregular  and  noisy.    The  pidse  is  quickened  by  about  30  per  cent,  aad  b 
small.    The  blood  pressure  shows  a  large  asphyxial  rise  (Remp,  itf7). 
-The  vasoconstriction  diminishes  the  urine  flow.    The  limbs  are  tdutd, 
but  individual  muscles  exhibit  clonic  or  epileptiform  contractions.   The 
pupils  are  ahnnst  invariably  dilated.    The  face  i^  cyanosed.     RelantiM 
of  the  sphincters  occurs  rarely. 

Operative  Period. — .As  soon  as  this  stage  is  reached,  the  ga&  is  remm-td 
The  pulse  at  once  becomes  slower  and  fuller;  the  respiration  also  recona 
rapidly;  and  the  asphyxial  symptoms  disappear.  The  anesthesia  luu 
some  twenty-two  to  thirty  seconds  after  the  gas  is  removed;  and  it  i» 
during  this  period  that  the  operation  must  be  performed.  The  toul  tiw 
between  the  beginning  of  theadminist  ration  and  complete  recovery  b  then- 
fore  one  hundred  to  one  hundred  and  twenty  sccondfi.  The  duratjonoi 
the  after-anesthesia  increases  with  the  duration  of  the  administntiob. 
This  may  be  prolonged  to  several  minutes  by  giving  the  patient  anoco- 
sionat  breath  of  pure  air  (every  tifth  inhalation);  or  by  admitting  ■  l>t^ 
air  into  the  mask.  The  admission  of  air,  however,  makes  the  anestbeoi 
uneven  and  unsatisfactory. 

After-effects  are  generally  absent  with  short  administrations  S««k- 
times  the  patients  complain  of  giddiness,  headache,  lassitude  and  dnm- 
ness.    Nausea  is  exceptional. 

Accidents. — With  short  administrations,  these  are  very  tare,  bcaa« 
of  the  wide  margin  between  the  first  danger  sign  (noisy  and  imgnlu 
respiration)  and  death.  Only  about  seventeen  deaths  have  been  repMtn). 
maVing  the  fatahty  less  than  i  in  5,000,000.  In  patients  with  gnveoi- 
diac  lesions,  the  pulse  may  become  feeble  and  the  respiration  jhilb* 
before  anesthesia  is  established.  If  the  administration  is  contintwd  l» 
long  in  healthy  individuals,  the  a.sphyxial  phenomena  become  eotphutvd- 
with  violent  inspiratory,  then  forced  eipiratorj'  movements;  thea  iW" 
low  and  intermittent  and  finally  arrested  respiration,  in  two  to  four  aaaatB 
(Haggard,  1910).  The  violence  of  ordinary  asphyxial  convulaOBS  ■> 
mitigated  by  the  narcosis.  Cyanosis  is  intense.  The  heart  contiaitcs  * 
beat  for  some  time,  so  that  rest<rralive  measures  are  generally  succtsifol- 
They  should  consist  in  artificial  respiration,  prcfcrablj'  with  oxygen- 


Contraindications.— Niimus  oxid  should  not  be  used  in  cardiac  lesions, 
valvular  or  myocardial;  in  elderly  patients  especially  with  advanced 
arteriosclerosis  or  high  cerebral  pressure;  and  in  operations  on  the  brain. 
It  is  often  inetlective  la  byslericiU,  obese,  muscular  or  alcoholic  patientii 
(S.  G.  Davis,  1909). 

MechaniBm  of  Action. — NiO  h  very  soluble  in  blood,  wb.ich  tukcs  up  4;;  per  cent,  by 
volume  (Bert).  Din'j-  IjcUcv-cd  that  it  acted  like  (i;iygen,  ptociucing  hyptroxidation 
of  the  blcHvl;  bul  f  iiuiklan^  showed  that  it  is  not  dccomp»8r'l.  It  was  liien  bclicvnl 
that  it  acird  merely  as  nil  asphyiiailt.  Tlur  phenumrna  pri>dufCTl  liy  the  undilulcil 
gis  »re  in  fact  partly  asphyjoal.  This  (aclor  can  be  removed  by  the  addition  of  oxygen, 
wbcn  it  b  seen  that  narcosis  results  (roiti  the  NiU  itscU.  This  inny  also  he  denionstrainl 
OD  fro|^.  which  picser\'C  Iheit  reBexts  Cor  hour^  when  placed  in  pure  liydruKen;  bul  l<»c 
Ihcm  promptly  in  NiO.  Eiidenliy  the  nitrous  oidd  has  a  direct  action  on  the  ccnlml 
ner\'ou3  sv'^iem;  first  slimulstinij  ihe  ijsythic  nreah.  then  dfprcs^ing  these  to  insensi- 
bility. The  motor  tefle^rcs  are  also  abolished.  The  medullary  centers  are  not  affected, 
>nd  the  circulation  remains  unchanged,  in  the  absence  of  asphyxia.  Nitrous  oxid  nlwi 
tiu  no  action  on  other  tissues  and  is  liietcfotc absolutely  hjcmlires.  OoK^ancsthetiwii 
( flDDlinuously  for  three  days  with  a  miiture  of  X.O  and  ox^-kc".  recoi-crcd  without  any 
^ibnDage.  The  mechanism  <•(  its  central  action  is  ftrob^ibly  the  same  a«  with  the  hydro- 
'  CnlwitBUCOtlcs — viz..  a  physical  change  in  the  li^>i<M.  It  probftbly  doea  Dot  combine 
wkh  bsnoglobia.  On  account  o[  its  feeble  chemic  athnities,  the  gd9  ti  practically  free 
fnm  side  netions,  and  herein  lies  its  chief  value. 

High  Pressures  of  Nitrous  Oiid. — These  ate  f  ataJ  above  3  atmospheres,  even  when 
inhaled  with  adequate  oxygen.  The  symptoras  consist  in  narcosis,  convtiltlona.  anil 
ftnaily  depressed  cespiratbn.     The  heart  remains  strong  (Bock.  igtj). 

Nitrous  Oxid  with  Air  or  Oxygen. — The  respiratory  disturbances, 
convulsive  features  and  cj'anosis  produced  by  untiiluted  NjO  arc  purely 
asphyxial.  If  the  gas  is  mixed  with  a  sufficient  proportion  of  oxygen 
(15  to  10  per  cent.),  these  asphyxia!  phenomena  are  entirely  absent,  and 
the  anesthesia  can  therefore  lie  prolonged  indefinitely.  With  smaller 
percentages  of  oxygen,  the  symptoms  are  intermediate. 

The  dilution  of  the  gas  with  oxygen  lowers  its  conixntratioQ  in  the 
blood  to  a  corresponding  degree,  so  that  the  narcotic  action  is  not  as 
prompt  or  deep.  It  is  generally  slated  that  a  mixture  of  So  per  cent,  of 
nitrous  oxid  and  20  per  cent,  of  o.xygen,  inhaled  at  atmospheric  pres- 
sure, produces  only  confusion  and  analgesia,  with  incomplete  lo«s  of 
consciousness. 

However,  Hewitt  claims  to  produce  deep  anesthesA  in  this  way  nilhln  tour 
minutes;  and  that  the  anesthesia  oecomes  incom[>lete  only  if  the  concentrutlon  falU 
below  66  per  cent.  Paul  Bert,  1880,  obtained  perfect  results  by  a  mixture  of  85  parts 
NiO  and  IS  psrts  O,,  condensed  by  an  excess- prctsu re  of  '  e  atmosphere, 

D.  E.  Jackson,  ig  16.  describes  an  apparatus  that  involves  Ihe  continuous  rebreathing 
of  the  nitrous  oxid.  with  removal  of  the  COj  and  r<>ne»-alof  the  oxygen.  This  perniitx 
of  prolongeil  anesThcaia  at  a  minimum  cost.  Under  these  conditions,  the  effects  have 
considerable  resemblance  to  ntorphin.  Alan  appcurs  sensitive  to  lower  concentrations 
than  are  needed  for  dogs.     Carciul  administraUon  induccs^an  apparently  natural  sleep. 

These  methods  are  not  \'ery  feasible  in  practice;  but  a  satisfactory 
anesthesia  may  be  maintained  sufficiently  long  for  ordinary  surgical 
operations  by  adding  only  enough  oxygen  to  the  gas  to  prevent  the  major 
manifestations  of  asphyxia. 

Hewitt  found  that  6  per  cent,  of  oxygen  are  required  to  pm'ent  the  convuliive  fea- 
tures and  noisy  respiration;  1 1  per  cent,  to  prevent  tividily.  Above  10  per  cent.,  the 
rcBexes  and  movements  of  the  patient  were  more  pronounced. 

Horpbtn-scopolamin  greatly  increases  the  efficiency  of  nitrous  oxid; 
so  that  with  these  alkaloids,  a  mixture  of  80  i>er  cent,  and  10  per  cent, 
oxygen  even  at  atmospheric  pressure  induces  an  operative  anesthesia 
(Kochmunn,  191 4). 
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HANtJAL  OP  PBARUAOOLOGV 


Administration  of  the  Mixed  Gases.— This  requires  a  special  appanlii* 
for  ailjusliiig  the  two  gases  in  any  proportion.  This  is  connecl«i  with  2 
dose-fitting  mask.  It  is  advisable  to  warm  the  gas  mixture  before  it  is 
inhaled. 

To  hasten  the  anesthc^a.  the  administration  is  begun  with  a  mixtsre 
containing  2  per  cent,  of  oxygen.  This  is  gradually  increased  to  10  per 
cent.,  but  varying  for  different  patients. 

Phenomena. — ^Tbe  primary  symptoms  arc  the  same  as  with  pnie  ps. 
The  aneslMk  stage  is  usually  reached  in  a  few  minutes.  It  a  coararter* 
ized  by  regular,  calm,  mixlcrati-ty  snoring  respiration;  slightly  dusky  bo; 
and  medium  pupils.  Tlie  pulse  is  moderately  quickened;  the  blood  pro- 
sure  somewhat  high;  the  blood  rather  venous.  Con\'ukive  pbcDomm 
are  absent.  The  reflexes  and  muscular  tone  are  greatly  decreased,  but 
not  abolished  as  with  elber;  and  tfac  anesthesia  is  not  so  profound. 

Ajler-ejfects. — When  the  administration  is  stopped,  the  patient  awaitas 
fully  within  two  or  three  minutes.  Nausea  is  exertional,  but  nwn 
common  than  after  short  inhalations. 

Advantages. — These  consi.ti  mainly  in  the  greater  comfort  tA  the  pt- 
tient.  the  smaller  danger,  and  the  absence  of  Irritant  side  effects,  n: 
gas  would  therefore  be  especially  indicated  in  renal  and  acute  ptdiDOOSii 
diseases;  or  when  the  patient  dreads  the  other  anesthetics.  Crile,  191ft 
claims  that  it  lessens  the  danger  of  shock  and  infection. 

Disadvantages. — The  conlraindicitions  and  limitation.<  were  diJciBsd 
under  the  undiluted  gas.  Its  application  is  further  limited  by  the  relliB 
shallow  anesthesia;  incomplete  relaxation;  high  blood  pres.'iure  and  ttW' 
ity  of  the  blood;  the  expense  of  the  gns  and  apparatus;  inconvenience; inJ 
the  need  for  very  specialized  experience. 

Influence  of  Im{nirities.^ Warner,  igi;,  finds  that  ordinary  nitrout  mid  ofunj'p 
duces  severe  symptoms,  especially  ryanoikis,  which  docs  not  occur  with  propttpiiila' 
tlon.  The  T'txic  cHocls  urc  liiic  narlty  lo  nitric  utid,  but  e>ii«ci«llr  to  nnidmiU 
banc  impuritiea,  nf^rhagis  hydroiylamin  und  hydfniin.  The  s*a  d«pnved  of  tiwi* 
it  now  gcnentlly  done)  cnn  be  given  with  !cu  oxygen,  without  cyanotu. 

Gas-etfier  Sequence. — This  was  suggested  by  Clover,  1876;  hot  he 
also  come  into  extensive  use  only  recently.  It  seems  to  o>mtnae  the  iHd 
advantages  of  the  two  anesthetics,  and  is  perhaps  the  nearest  appnact 
to  an  ideal  method. 

Nitrous  Oxid  Analgesia  in  Obstetrics. — This  is  bdng  advocated  ■) 
much  safer  than  scnpolamin-morphin  "twilight  sleeii."  ft  doe  »H 
w'eaken  the  uterine  contractions  and  has  no  bad  effects  on  mother  of  cBi 
{Webster;  Lynch;  Davis,  1915). 

PREPARATIONS — NITROUS  OXID 

•  Nilregenii  Menaxidiim  (Nitro^n.  Monox},  U.S.P.  (Niuout  Oxide).  NiO.— C**' 
Icssgi-i;  fuucsecsatlight  cli:i.[acteristicador;*aiDewb*tk«««lish  ts^tc.  It  ttautcM^ 
comprcssi-d  into  a  liquid,  in  Btccl  Cylinders.  Jl  retunn  to  tbc  sueous  ststt  «<*■  «■ 
pressure  is  released. 

CARBOir  DlOxm  (CABBOmC  ACID) 

General  Statement. — This  acts  as  a  weak  add,  produdnig  locally  1 
rather  mild  irritation;  and  after  absorption,  strong  medullar)'  stivi^ 
tion,  and  in  higher  concentrations  narcosis.  These  actions  plaf  ^ 
principal  r61e  in  ordinary  asphyxia.     Deficiency  of  CO*  (Acs^NUa)  ks^ 


CASBON  DIOXID   (CAFBONIC  ACIDl 
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comsponcting  il«pressanl  phenomena.  Tlie  cnrl>onic  acid  therefow 
(  as  a  hormone  (Bayliss  and  Starling,  1906),  which  regulates  the  ac- 
tie«  of  various  functions,  especially  of  the  respiration.     In  this  way, 

CO)  tension  of  the  blood  and  ti»ucs  is  normally  kept  automatically 

.  practically  constant  level. 

Local  Actions. — COg  as  gas  or  solution  produces  n  prickling  sensation 

reJiieniiiv  "f  the  skin  and  mucoua  membrane,  followed  by  numbness 

local  anesthesia.  The  scnsorj'  irritation  leads  lo  reflex  stimulations 
tockc,  1877).  The  cutaneous  stimulation  is  utilized  in  the  form  of 
■onated  baths  (Nauheim  baths),  especially  in  cardiac  disesL-test.    Fro- 

COj  (carbon  dioxid  snow)  is  employed  as  a  superficial  cautcrizant. 
:he  stomach,  carbonated  water  ("soda  water")  hastens  absorption, 
cases  the  secretion  of  acid  gastric  juice  (Chiari,  iciipt  <ind  acts  as  a 
nioative.  Il  is  useful  against  nausea,  and  valuable  for  dlsgui^ng  the 
eof  medicines, 

Sects  of  Inhaled  C0» — If  otyxen  ileGcleccy  U  exciudcd  by  inhaling  gai  mistures 
linine  >ojmt  cent.  u(  ox>-gen.  no  elltcis  uceur  until  ibo  concentration  of  $  pet  cent., 
ae,  <3  COi  h  icached  (Zatitt).  With  thw  concern  ration,  tlierc  i»  some  byperpnen 
dUcoRifort :  S^j  pet  ccni.  in  man  pioilucc^  in  n.  few  minutes  diitincl  ily«i>nen,  tine 
lood  prttaure  and  conicMiiiMi.  which  t)«<:umi;  iiuuppottable  La  fifteen  or  ivrtnty 
IM,  but  diiAppear  promptly  in  fi«sh  air.  The  lymptom*  incrcMe  to  15  per  cent.; 
nen  30  per  cent,  is  not  oanRcrous  In  an  hour  to  anlmali.  aad  probably  not  to  miin. 
1  >!_  to  30  per  cent.,  the  itimultint  phenomena  pm  Into  depnasloik,  vHtb  diminiaheJ 
ration,  fall  of  Uood  prc»uic.  ooma  OteneTsUy  irithout  convuluoni),  Inu  of  rcfltiei, 
thtaA,  tuid  sTftdual  <leHlh  after  tome  houn;  the  heart  outlast(nK  the  retpiration. 
I  higher  concentrations,  the  itimutalion  b  still  briefw.  With  pure  COi,  death 
occur  in  n  few  minutes  ax  a  mixed  effect  of  carbon  dioxid  and  anoxemia. 

Irdinaiy  Asphjntia.— This  involves  the  two  factors  of  deficiency  of 
■en  OT  excess  of  carhtm  dioxid  (ft  Ike  blood.  The  phenomena  in  both 
s  arc  almost,  thouKli  not  quite,  identical.  When  asphyxia  results 
I  breathing  in  a  conlined  space,  both  causative  factors  arc  intermin- 
,  but  the  COj  factor  predominates. 

'he  lymfloms  of  iiiphyxitt  vary  somevhat  fording  to  the  rapidity  with  which  it 
tduetd.  WitH it oiturt rapidly,  three typicnlnagesmaybedulinguisbed:  During 
int  (lutf.  the  TCtpiralbnn  (^.trlunlArly  the  intnirntjont)  are  incnaaod.  In  the 
id  iMfr,  (he  mpiratloot  are  irregular  and  convulsive,  The  fnapirations  bdiusbaUow 
Keak,  the  expirniiom  powrrful  luid  ptolocgeil.  ConKiouineH  is  losL  The  Klein, 
ully  the  face,  become*  cy.tnolic.  Tlic  thirj  slift  U  charaelcrixcd  by  collapfLe  ana 
uluoiL>i.  The  reapltatory  ccntera  are  ilqirtHcd.  The  mnlratory  mo^■ements  are 
)w  and  infrcqueot.  The  convdiivc,  vnpis,  vnwmntor  nnd  pupillo-dilator  ccnten 
tini^lcd.  The  extremities  and  the  musctcs  of  the  face  and  occk  twitch  convul- 
t,  there  arc  easplnic  muvcmeniii:  the  liody  of  the  tuifaiud  b  rldd  sod  arched  badt- 
,    Urine  and  fecM  are  entctled.    The  pulie  is  very  (low  and  aoft,  at  first  strong, 

JrogreMively  weaker.  The  pupiU  are  at  first  constricted,  then  widely  dilated 
catli.  The  licait  continues  to  beat  weakly  for  several  minutes  after  the  mplra- 
has  stopped.  Artllicial  mplralion  during  thit  interval  will  generally  result  tn 
«ry.  Dfalk  occurs  wiihhi  six  or  eight  minutes  if  the  trachea  la  tied, 
he  duto^f y  shows  a  vcr>'  vcih-us  color  of  the  blood.  The  veins  of  the  upper  part  of 
ody,  and  the  right  heart,  iic  grently  distended. 

'  tit  sipkyiia  it  f">ductd  tlindy,  the  firat  symptoms  are  cyanosis  and  dyspnea  on 
ton.  The  individual  becomes  stupefied,  but  >o  gradually  that  he  may  not  be  aware 
I  condition.  The  stupor  posses  into  uncodudoiunew  and  this  into  coII^im.  The 
>r  qrmptoms  may  be  entliVly  absent. 

VeJullary  Centers  in  Asphyxia. — The  effects  are  alike  whether  they 
It  from  (TOi,  acidosis,  or  oxygen  deprivation.  Tbc  stimulation  occurs 
>e  order  of  respiratory,  then  vasomotor  and  then  Migus  centers.  It  is 
i»cd  by  dcptcssion  of  these  centers.    The  relative  preponderance  of 
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st]inula,tion  rnirl  <lc[>rc-xsion  ilcitt^nd  on  the  decree  unA  !iu(kt«niie«s  of  t 
asphyxia,  and  od  ihe  prevailing  condilion  of  tbc  centers   (Locvcnbart,  j 
I9'S)-  I 

RSlf  of  COt  in  Asphyxuj.—C.  Itcrnard  tbowtd  thst  tbc  deprivatMo  of  tnygcn  «- 
diitiirily  plaj-t  a  minor  pail:  Indiisittic  iliebMdolaB  bhIimIId*  bbdd«r,  be  found  tktt 
ihc  tntraviucular  injection  of  oiy^cn  doei  not  retard  death.  Temporary  revival  lam 
u.spliyxia  may  In-  sfiarcJ  by  arlil'icial  respitaljon  Iq  an  atmospbm  of  bydtoy  V 
nitrogen;  and  accofding  to  some  eiperimcnti  of  the  author,  ev«n  In  CO.  1^  invck' 
tiKatiuns  ofI,oevcDhart,  iqi  j,  however,  luggeit  thkt  the  COt  itself  urts  b>-  intetfcriai 
nith  Olid  a  I  ion. 

Mle  of  CO)  in  Impure  Air. — The  popular  idea  o(  ihU  a  ii;reatly  na^aceraled.  "  fm" 
air  conlHint  o.oj  per  ccnl.  of  COt;  in  city  itrccU  it  rntdy  riiet  above  0.04.  or  At  mat 
0.1  J  pel  cent.  In  liadly  vcnlllatrd  riiumi  it  m.iy  icnch  0.1  percent.,  whkhiftbr  W«a 
the  cIlFctive  concentration.  Nrilbcrr  the  umcnce  ol  COt  nor  the  atn^nce  of  oiiiu 
cxplaina  the  harmful  etlcct  of  lojourn  in  ill-^-cntiialcd  roonu;  nor  doo  the  eip^edn 
contala  Any  poUonoiu  Ingtciicnls.  It  is  ^uppu^ed  Ihm  the  acute  diKonfoet  end  lie 
BuSocatins  «en»iliain  experienced  in  these  plncu  is  lurjcety  |»ychic.  being  produced  hr 
the  he.1t,  humidity,  odors,  noise,  etc.  Whether  this  mil  itUo  account  for  the  ttwajf 
detrimental  ellect  on  health  and  reustanee.  tbc  increased  tendency  (o  lubettaU^ 
etc.,  which  are  associated  with  lia.tntually  deBdent  ventilalioa,  i*  an  op**  qpUlim. 
Winnlnw  and  Palmer,  igi;,  conclude  that  the  air  of  unventllalcd  nmcoa  («tic«- 
Irollrd  temperature  and  humidity)  contains  Mibttances  which  dimtuWi  ibe  appWK 
for  food,  without  producinR  discomfort  or  other  detectable  syraptMU.  It  may  »e  »■ 
marked  that  the  continuoi  or  repenl.cii  exposure  to  gaset — partiealarty  ihpn  Wlin 
upon  the  blood,  and  indeed  I0  any  poiwa  wliirh  alters  the  blood,  3UCb  ■>  ■fWlll*'*— 
does  not  generally  cauw  tolerance,  but  incrtrose  of  susotptilHlity. 

COs  on  Circuktioa. — Increase  of  carbon  dioxid  up  to  a  certaia  peat 
causes  a  great  rise  of  blood  prvsstire  (Fig.  6,  p.  191)  mninly  by  ttimnbUiN 
of  ihe  vasomotor  center;  moderate  increase  of  CO.  tcn5ion  pcTbapsilff 
increases  the  output  of  the  heart.  The  peripheral  action  on  blood  vessdi 
results  in  their  dilation.  High  concentrations  paralyze  the  vastMOOtsr 
center  and  heart. 

Vasomotor  Center. — The  violent  stimulation  hft>  bwn  thown  by  Sffl*ii**"  m' 
Pilcher,  1911,  and  by  Mathison,  if>ii.  The  latter  dcnionMraied  that  Identical  AcB 
arc  produced  by  other  acids  and  by-  lack  of  oxvgen;  and  that  all  these  act  pcobltf;  if 
iitcrcaaing  the  hydrogen-ion  concentration  of  the  btood.  The  tfnna)  vaMmotor  cnUo 
are  niuch  Ic^s  sen^iiivc  than  the  mediiltftry  (Mathiaon,  iQio). 

Direct  Action  oa  Vessels.^Thi^  results  in  relaxation  (Baytis*,  1901);  hiaabalM 
in  cicifed  arterial  or  venous  rings,  with  .ill  concent mtionii  (Cow,  1911;  Roebr,>Mi^ 
A  ^miUr  ililHtionis  al^i  produced  by  other  wcali  adds  (Schwarxand  LembOfv,  (4"'' 
Barcroil.  1914,  cooMdcrs  this  an  impoitaot  factor  for  the  increaM  of  tb«  loo)  dlW 
lion  in  nclivc  organs. 

Pulmonary  Circulatioa. — The  piCMure  in  the  pulmonary  artertes  rtMa  bi  ijyfcp^ 
even  if  the  rise  of  the  systemic  blo<)d  jiressure  is  prevented  by  destnyfag  tlw  JUMA 
(Wood.  Jr.,  1911).  The  pulmonary-  arculation  Ume  is  alowed  (Landed*  asd  DakM 
igij),  indir.ititig  pulmonary  va-ioc  oneiric  lion. 

Heart  Rale.^Tbis  is  mdinurily  Atowcii  by  stimulation  of  the  v>g»  coltr:  htf  ' 
the  vagi  aic  divided,  it  is  ijuitkencd  by  itimulation  of  Ihe  accderatot  ctntcr  [D*"* 
and  Mural,  LSS5I. 

Efficiency  of  the  Heart. — In  intact  animals,  (he  cardiac  (jiMta  an^rtady  c**^ 
caled  by  the  other  actions.  JetuHtlem  and  Starting.  1910,  daim  tbat  inotaltW  COi 
in  the  coronary  blood  lessens  the  tonui  both  in  ayilolc  and  d'*T''^f  Hw  UMMC 
vessels  are  also  dilated  (Matkwuldcr  and  Stalling,  ipi  j).  Wtb  hUkcr  wccoinriw* 
the  systolic  lone  is  lowered  more,  so  that  the  eicur^ioiu  ar«  dirniniafted;  wjtb  KU6b0 
concent  rations,  ihc  diailolic  tone  is  more  relaxed  and  the  output  IncreMCd.  AcctV 
concentration  would  thcrefotc  be  neeessarj'  for  the  optimum  cffideacy  of  the  l^ 
this  is  insufTidcnt  in  acaiinia.  Ilami.  toi.i.  claims  thai  the  ri*e  ol  Mood  ulmok  «■ 
5  per  cent.  o(  COiin  Ihe  inspired  air  h  cbieliy  due  to  incrck<ed  output  of  tWfanrt;*'' 
ttut  above  8  per  cent,  the  vasocon*»ri(tion  l>ccomes  the  more  impottanu  Tbe**^* 
have  been  contradicted:  Ketcham.  King  and  Hooker.  iijiJ,  attribute  the  ii«J«w 
output  to  dilation  of  the  pulmonary  vessels,  for  they  found  that  tbe  uaMaf  hrta 
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I  by  all  cooccniratioiM.  In  the  llmulus  heirt.  COt  produces  depttatloa,  acting 
BDUdi  more  powerfully  on  the  ganelion  cdU  than  on  the  mu»cle  (N^wmnnn,  tgoA). 
Ptrftidon  of  the  coronary  vcMcb  of  a  RiiLniiiutliun  Keari  with  COi  rss  causn  prompt 
fibrillniion  and  arrest,  whereas  the  beoit  continues  to  beat  for  a  coniidcTitble  time  if 
the  jicrfti'iion  is  made  with  oxygen,  or  even  hydrogen  (Magnui^,  igoi], 
I  Blood  Viscosity. — This  is  somewhat  increased,  but  not  to  an  important  degree 
I  {Burton-Opite,  1911). 

Oxygen  on  CO]  of  Blood. — tlxy^n  (and  carbon  monoiid)  tends  to  eitpcl  COi  from 
[.the  blood;  for  nbcn  exposed  to  a  given  COi  tension,  blood  that  hai  been  deprived  of 
en  lakes  up  considerably  more  COj  than  oxygenated  blood  (Chriitian»cn,  Dnuglns 
"laldiine,  1314)- 
Peristal^s. — In  intact  animals,  thia  Is  stimulates!  by  asphyxia.     En:ised  intestine 
.  sinrted  to  thj-thmic  contrnttion  if  it  was  quieicent:  liul  is  relaxed  if  it  was  already 
ihythcnically  aclive  (Hooker,  igi:). 

Oculomotor  Center. — The  pupils  are  ordinarily   widely  dilated  by  asphyxia,  aiut 

primary  cunslriction  (Guthrie  and  Ryan.  1010).    The  mydriasis  is  not  doe  to  *ym- 

'  tUiellc  stimulation,  for  it  occurs  after  divinion  of  the  cervical  sympathetic  (Braun- 

iSi)4).     It  must  therefore  be  ascribed  lo  inhibition  of  the  oculomotor  center. 

Ipheruly,  COt  acts  as  a  miotic  on  frogs'  pupil  (\ucr,  1909). 

Respiration. — The  COj  content  of  the  blood  is  the  chief  regulating 
;  factor  in  ordinary  respiration  (Zuntz,  1897),  the  respiratory  center  being 
•timulated  (mainly  the  rate)  even  by  veri,-  slight  increase  of  the  C0» 
tension.  Ariseofo.jpercent.  of  C0|(r.6  mm.)  in  the  alveolar  air  doubles 
the  res[»ration,  and  a  slight  reduction  of  the  CO3  produces  apnea.  The 
sensitiveness  to  oxygen  is  very  much  less,  the  respiration  being  unaffected 
by  variations  of  the  oxygen  in  the  air  between  i.j  and  100  percent.  (Hal<iane 
and  Priestley,  1905 ;  Fitzgerald  and  Hatdane,  1905).  The  effective  increase 
of  COi  also  produces  a  measurable  change  in  the  ion  concentration  of  the 
blood  (Campbell  and  coworkers,  1913).  Other  acids  are  similarly  stimu- 
lant  (Winterstein,  1911;  Laquer  and  Verzar,  1911).  Loevenhart,  iptj, 
xefcrs  the  effects  ultimately  to  interference  with  oxygenation.  The  re- 
sponse to  COi  is  used  experimentally  as  a  test  of  the  exdtability  of  the 
respiratory  center  (A-Loewy,  1890). 

BroncUal  Muscle  (Eidsed).~'rhia  is  constricted  by  moderate,  relaxed  hy  high 

concentrations  (TrencielcnburK,  191 1). 

Strychnin  Convulsions. — Thwe  may  he  suppressed  hy  CO,  initiation  (Wioter- 
l,  1900;  Ryan  and  Guthrie.  i()o8).  On  (he  other  hand,  moderate  aiphyxiu  iacreane* 
convuls.ini  effect  (Pilcher).  Concentrations  above  10  per  cent,  also  heighten  the 
epiiliilify  to  aeid  fuchsin  cnnittlsioiu  (Joseph,  1915). 

Temperature. — COi  dyspnea  lowers  the  temperature  in  health,  and  especially  in 
lever.     It  .ilso  reduce?  metabolism  (v.  Mag>-nr>--Ko5sn,  1910). 

Aq>hyxlat  Glycosuria- — All  forms  of  aspliyiia— lAhcther  from  CO,  or  deficiency  of 
oatygen— lead  lo  hyi>cry!ycemia  and  glycosaria.  All  asphyxianl  drugs  produce  this 
effect,  although  there  may  be  addilionji  factors.  The  gli'cosuria  ditcs  not  occur  xf  the 
Jfver  is  excluded,  nor  in  poorly  nourished  animals  (.\uel,  1914).  Il  ?ccms  therefore  that 
ifbe  i{lycogenolysii  is  stimulated  in  the  liver,  but  not  in  the  muscles.  Tliis  eSect  is 
nrobably  due  to  the  increased  H-ion  concentration  of  the  blood,  acting  through  the 
ntervout  centers,  but  rtfluiring  the  cooperation  of  the  adrenals,  for  it  docs  not  occur  if 
Uiesc  have  been  excised  (Macleod.  iQij)- 

Drag?  Leading  to  the  Appearance  of  Kedueing  Substancee  in  the  Orine.— The  follow- 
ing  may  be  enuiiicrfiled  .15  among  Ihc  mo^l  important  (review,  S.  Weber.  1904):  CO, 
N|0.  Ht.  H,S,  HCN.amylnilrile,  niirobeniol,  nitroglycciin,  ohiotntc. chloral,  uretliane. 
chloroform,  acetone,  strychnin,  morphin,  atrojnn,  citrarc.  phlorhiiin.  caflcin  and  other 
methyl  lanlhins,  UjOi,  many  acids,  Pb,  As,  Hg,  Vc,  Or,  canlharidin,  P,  cpinephiln, 

Cyroid,  saline. 
Deficiency  of  COj  (Acapnia). — The  carbon  dioxid  tension  regulates 
e  heart  rate,  vascular  tone,  peristalsis,  mental  condition,  and  a  number  of 
other  functions.     A  decrease  of  this  tension  in    the  blood  and   tissues 
produces  depressant  effects. 
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Pheuamruii  af  Acapnia. — Thoc  have  been  empfuuitcd  apecUDy  by  Y.  RcndcfMa, 
1908  to  lyio.  Kvrn  aslighi  reduction  of  the  COiUUWs  m&rktid  iocrcuc  of  the  hafl 
rate  and  ilouing  of  reapiraiioiu  FurihFrrcduction  produce*  tidi)rcuidia,vefiaas3tMi^ 
ftrrat  of  pcritUUis,  failure  of  many  rcilcxct,  conia  and  ftoppftgc  of  ftnjfadoa.  El- 
treme  mluctioii  causes  an  a]mo«t  (ctouic  condliion  of  ttie  hc«n,  alKUtluiig  It*  oatpot. 
lowerins  blood  pressure  and  mulling  in  death.  In  the  lighter  gndci.  rtcoN-cty  ccan* 
promptly,  if  the  COi  tension  is  incrcotcd,  lU  by  breathing  ihrouglt  *  lona  lubr. 

Acapnia  and  Respirailon. — The  mpiintory  ccalct  i«  ir  iililj  iTi|ii iliji  ililk'miij 

of  COi  m  the  blood.  Thlt  is  the  main  factor  in  the  apnea  following  fivperTNiea,  tad 
one  factor  in  Che>-ne-Stokci  respiration  (Holdane,  looj  and  1909).  Wdl.  1906, /.i, 
allowed  tiiat  the  apnea  is  Ihc  <-lior1cr.  the  more  C0|  itu  the  air:  and  that  it  can  htp»- 
long«d  by  fixing;  the  COi  n-ith  NaOH.  The  increw«d  oxy^n  content,  to  a^ucfc  it  nm 
formerly  attributed,  !«cms  to  be  un«»cntia1  although  cicctiive  oxffCB  caaccotraliMB 
also  di-prcwaiil  O-ocvcnharl,  1913). 

The  direct  deprcssanl  effect  of  COi  deficiency  on  the  re^iMTatary  cwitei  im  ilw 
demonstrated  by  Winlerstcin'i  (191 1)  perlUMon  e;n>erimcntK.  The  fopintioa  niatt 
rMtorcd  by  oiyKcn,  but  by  c»[l>{>nic  or  other  acids,  and  i%  ihcrvfor*  an  hjndnctBJM 
«Sect  In  intact  animals,  a  persistently  low  oxyxen  tension  leads  10  the  aemauliIlM 
of  lartic  and  other  acids,  and  hence  to  stimulation  of  the  rcspiratioo. 

.\(apnui  .intt  Sluirk- — \.  HcnJirrson,  fyoH  .ind  toog,  pointed  aa\  the  ailiyi 
between  the  phenomena  of  acapnia  and  surijical  ihuck.  He  bclievei]  that  the  itfls 
may  be  explained  by  loss  of  CO,,  through  hvpcrpnen.  cxpoiure  of  intatinn.  »t.  TUi 
may  be  one  of  the  factors  but  it  i*  unlikely  idal  it  is  the  only  one.  nendcrson's  o»K«- 
tions  are  contradicted  by  Janeway  and  Kwinit,  191J. 

Apnea. — ^This  suspension  of  the  resriiratory  movement!  U  imiaDr  due  to  dcfnaici 
of  the  r«*pit»tory  ccntt-r  by  etcc&tiucly  low  CO,  content  of  the  blood  (acapnial'.fat 
instance,  aa  a  consequence  of  hyperpnea.  Huwev-er,  acapnia  is  not  wswioal;  fot  (S^ 
tivc  distention  of  the  lungs  may  produce  apnea  even  when  the  aii  cootaias  S  MrtiA 
ol  COi-  Thiiiphcnomcnnn  diie*nol  occur  if  the  va^wcrcdividB<l{Githcn*andMdlMt 
10:4)-  In  fowls.  CO]  deficiency  aUo  ilops  the  iMpiralory  ntovemeatt,  but  ia  dt 
cue  the  effect  consists  tn  tonic  spasm  of  the  respiratory  musdn.  and  not  ia  heifbuwl 
threshold.  The  function  of  C0|  would  therefore  con«itt  in  the  Djiiintcaance  if  tk 
respirBlory  rhythm  (Meyer  and  Slelticr,  1915). 

Nonnal  COj  PerceaUges  aitd  rcnsioos. — These  arc  as  followt: 


CO, 
E^^rcd  ur 
Amolar  air 

Aitadal  hlood 
V«BOa>  blood 

Tisauea 


Per  ceai.    (Valuin*) 
About  4 
4.6  to  A.i 
Avgc.  s-S 
40 
4S«OS0 


T 
JO  nun. 

41  nun. 
10 10  40 
301050 
SO  to  70 
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CARBOmC  OXn)  CCARBOH  MOnOXtD,  CO);  ILLUHINATinG  CAS 

General  Statement. — Carbonic  oxid  gas  has  conaiderabk  uakok^ 
importance,  through  its  occurrence  in  Uluminatlag  g«.  espcdaUv  w^ 
gas,  and  as  a  product  of  incomplete  combustion.  Accidental  and  suioM 
poisoning  by  it  are  very  common.  It  forms  a  firm  compouiul  with  hO"*" 
globin,  thereby  preventing  it  from  carrying  oiygcn,  and  thus  produ» 
asphyxia.  This  agrees  with  ordinary  asphyxia,  except  that  ihe  skis** 
niucou.^membranes  are  not  cyanotic  but  bright  red,  due  to  the  cute* 
CO- hemoglobin. 

Occurrence. — C.irbonic  odd  conslftulc*  4  to  10  per  cent,  of  ocdinai;  wrfg> 
and  to  to  40  Der  cent,  of  ■walcr-fas  (which  b  cooMqucnlly  moK  damtroi.  Still"™ 
loii).  It  is  formed  <luring  incompUU  cembiutitn  andislbeteIarepreseMi»lheM|» 
«t  damped  stoves,  the  vniwr  of  buraing  charcoal,  after  mine  nplonon*.  «U-^r 
the  pdndpal  tome  injircduni  of  these  rs»m.  Coal-fas,  howei,-er,  is  satd  by  W^ 
U90^  to  possess  more  than  double  the  toxicity  which  would  correipoad  toMO* 
This  Ift  due  to  coal-tar  products  (which  may  be  removol  by  pawing  the  p»  lfcre<0~' 
The  disagreeable  odor  of  yas  is  not  due  to  the  larbow  oiid  (which  is  practicaByoiwj'J 
but  to  sulphur  compoundi,.     These  are  not  toxic,  but  lerve  aa  a  useful  waniiai  * ''' 


I 


I 
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ot  gas.  This  odor  c»ti  be  dcltcicd  in  sir  containlnj;  o.oi  lo  o.ot  pn  cent,  of 
'i.f.,  much  below  ihc  ciangct  limil.  They  arc  femoved  by  filURtion  through  si^i 
bat  un'icrip'Ounii  bienk=.  in  gus  mains  arc  cspccinUy  dnngc-roiis. 
Manner  oi  Aetion.^-CiirftHnft  axid  acts  oniy  by  displ'ttint  axyi-fn  and  has  no  dirtti 
Mlion  I'J  iiny  kiiui;  ior  if  an  immoJ  is  mode  to  breathe  oxygen  under  ;  almosphcres  pres- 
sure (which  renders  il  independent  of  the  hemo^lobinj  ibc  addition  of  caibonic  ond  In 
•ny  amount  produces  no  symptoms.  However,  (Icppcrt,  i8gi,  believes  that  there  i»  a 
WKt  but  insignifit'snt  action  on  the  centra)  nervous  systcmi  and  Gia(o^,  >905,  evea 
d^m  thai  the  blood  changes  do  not  play  the  principal  r4k  in  CO-poisoning. 

Action  on  Plants  and  Lower  Organisms. — Carlinn  monoxid  (or  iUuminoting  gia) 
slightly  retards  the  Gr[)\v[h  cf  buctcri.-il  tuttur^,  but  is  not  germicidal.  Infusoria  and 
dliated  epitheliii  nre  niao  checked,  bul  not  killed.  The  germination  ot  the  seeds  o( 
higher  plants  it  not  affected.  The  Kan  Itills  ptsnls  when  applied  to  the  leaves,  but  not 
to  the  roots  (Hcider.  igr*). 

ActtOD  oa  Blood.— Carbon  monoxirl  combines  with  hemoglobin  lo 
form  carbonic  oxid  kfno^lobin.  The  compound  is  very  finn;  it  is  dis- 
linguished  speciroscopically  from  hemoglobin,  and  il  is  nol  reduced  by 
ammonium  sulphid  (Hoppe-Scyier.  1864  and  i86g),  (See  Fig.  29.)  It 
has  2  cherrj-  red  color  (Piorrj',  1826),  which  is  quite  different  from  that  of 
oxyhemoglobin,  especially  when  it  is  diluted.  This  forms  one  of  the  best 
tests  for  its  presence. 

The  affinity  of  hemoglobin  for  carbonic  oxid  is  about  310  times  as  great 
as  that  of  oxygen;  even  very  itnall  proportions  therefore  prevent  the  com- 
plete oxygenation  uf  blood  and  produce  asphyxia. 

Fate. — The  CO  is  excreted  unchanged,  itnd  is  nal  oxidized  to  COt.  In  faliJ  casei.  a 
part  persists  for  a  long  time  (over  a  month)  in  thv  bliHMl,  and  to  a  less  extent  in  the 
muscles  (Wachholz  and  Lembcrger,  1905  f.  It  may  p«  net  rale  puHlinortem  into  a  cadaver, 
but  so  slowly  that  it  can  not  be  demonstrated  iti  the  internal  organs  (Stull,  1904). 
CI.  Bernar<l  observed  That  CO  delays  the  postmortem  degeneration  of  blood  coipuKle*, 
the  serum  separating  vetj-  clear. 

Tone  CoDcentrations.^Thc  absorption  of  CO  is  proportional  to  Its  conccntratioR  In 
(he  air.  Gruber.  i3Si.  found  that  0,014  per  cent,  is  harmless  even  after  several  hours. 
The  toxicity  begins  with  about  o.oj  percent.;  is  sevcrr  with  0.0;  per  cent,;  and  dangerous 
nilh  o.iA  per  cent.;  0.2  to  0.4  per  cent,  is  generally  fatnL  Dizziness  and  hyperpnea 
occur  whon  about  10  per  cent,  of  the  hemoglobin  \^  saturated^  unconsciousness  with 
59  p«r  cent.;  death  with  60  lo  So  p«r  c«nL.  of  saturation  (Dresvr.  i$gii  Balthazard 
ana  Nicloux,  1911). 

Course. — Tlte  phenomena  agree  with  those  of  ordinary  asphyxia,  except 
by  the  absence  of  the  cyanosis;  the  skin  being  pink  or  pale,  and  the  lips 
bright  red  {i.e.,  the  color  of  CO-hemoglobin) .  This  is  of  diagnostic  im- 
portance. The  eiTecls  are  insidious,  the  person  becoming  unconscious 
often  with  no  premonitory  symptoms. 

The  clinical  cases  may  be  classified  as  acute,  chronic  and  relapsing 
(McConnell  and  Spiller,  1911). 

AetiU  Type. — Nausea,  m&taisc,  headache,  vertigo,  muscular  wrakncs*;  then  drowri- 
ness.  coma,  relaxation  of  sphincters:  sometimes  muscular  (witehinics  and  convulsions. 
There  .may  be  cyanosis.  Death  sometimes  occurs  acutely  through  osirirntion  of 
vomited  matter  during  unconsciousness.  SeqjKh:  aspiration  pneumonia,  ullen  fatal; 
palpitation,  localized  hyperemias,  gastro-intestinaJ  distnrbiinccs,  transient  nsphysial 
glycosuria  [review.  S.  \Vcber.  1404),  cutaneous  eruptions,  localized  edemas,  gangrene; 
pMBJyies  of  central  and  peripheral  types,  choreiform  movements,  persistent  headache^ 
■Denial  changes,  loss  of  memory,  confusional  insanities,  etc. 

Ckronit  Type, — Headache,  nausea,  veriigi->,  weakness,  anemia,  slowed  inlellecl  and 
failure  of  memory,  and  al!  the  phenomena  <>i  (he  acult-  type  more  slowly  developed. 
The  memory  for  recent  events  is  impaired  much  n»ore  than  for  those  of  older  jianding 
(S.  Brown,  1906).  The  nervous  phenomena  have  been  referred  to  serous  leptomenin- 
fitis  (Zieler,  1S4T)- 

KeUpsinf  Ty^.— The  acute  symptoms  are  followed  by  complete  recovery,  but  alter 
•Otoe  weeks  grave  paralytic  phenomena  appear  and  are  often  fatal.    These  cases  shos 
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MlUning  «t  the  ICDIICuUr  nucleus.  nFtired  to  latty  degmetaliai)  oS  the  vcaadt,  pi» 
ftHi'^g  lo  cmldfication. 

induced  Toleramf. — Guinea  pi)^  tan  be  accustomed  to  livt  (or  moatha  i»  u  atM^ 

EboV'by  which  if  per  ccnl-  of  Ihcii  hFma^'Iobin  ii  mturatcd  nith  CO.     This  tolHiBM 
I  tttained  by  an  inciensc  of  tbc  corpuscles  and  brmoslobin,  to  tbu  Ibc  oiyfta  a^Mft^ 
becoma  almost  nonuAl. 

TreaJmetU  of  CO  and  lUutnintUing  Gat  Pohontttg. — In  the  presence  oJ  ■ 
larRC  excess  of  oxygen,  the  carbonic  oxid  hemoglobin  is  again  decomposed, 
and  the  CO  eliminated  (not  burned).  The  lr«itmcnl  therefore  cooasts 
in  artificial  reiipiration,  or  still  better,  the  forced  inhalation  of  oxygen. 
Bleeding  with  transfusion  of  healthy  blood  is  very  effective  (wonn- 
Mueller;  Crile  and  Lenbart,  1907).  Patients  should  not  be  exposed  to 
cold. 

With  respiration,  nftttira]  or  artificia],  of  ordinary  ur,  tbe  CO-bcao- 
globin  is  decomposed  below  tbe  danger  limit  within  an  hour,  tbe  00  betog 
practically  eliminated  in  two  or  three  hours.  It  is  therefore  siipeifluovi 
to  use  oxygen  or  transfusion  after  an  hour. 

If  the  coma  continues  longer,  this  is  due  to  persisting  injury  of  iht 
nerve-centers  by  the  early  asphyxia.  Once  this  injury  has  occuned,  it 
would  not  be  helped  by  oxygen.  The  existence  of  acidosis  indicates  alka- 
lies; otherwise  the  late  treatment  would  be  expectant  (Y,  Hendcnoo, 
191 6). 

The  prognosis  varies  with  tbe  duration  of  the  exposure  and  of  tbe  cobl 
It  is  bad  if  tbe  coma  has  lasted  more  than  forty-eight  hours,  or  if  edema  a 
cutaneous  blebs  have  developed  (G.  I.  Jones,  1Q09).  Even  in  favonbfe 
cases,  recovery  is  rather  more  slow  than  with  most  gases;  but  tbe  acaR 
effects  have  generally  disappeared  within  three  hours. 

OXYGEN 

The  InbaUtioa  of  Pure  Oxygen. — Oxygen  constitutes  aboat  OM>fifli 
(30.94  per  cent.),  by  volume,  of  ordinary  air.  An  increase  of  this  pnpot- 
tion,  and  even  the  inhalation  oj  undUuitd  oxygen,  produces  no  notiadb 
r^tcl  under  ordinary  conditions.  The  rate  of  oxidalioH  or  the  ConautDCtic* 
of  oxygen  is  not  at  all  increased  (Pfluegcr);  indeed,  the  output  of  COi» 
rather  lessened.  Evidently,  the  proportion  of  oxygen  in  air  stiffico  '* 
all  ordinary  needs  (or,  rather,  it  is  greater  than  necessary);  and  additiooil 
oxygen  acts  merely  as  an  indifferent  gas — as  so  much  niuoeen  or  hydtMO- 
In  other  conditions,  however,  namely  when  the  supply  of  oxygen  fa  Oft- 
dent  from  any  cause,  its  inhalation  will  remove  the  asphyxial  synptoo) 
with  striking  promptness  and  elTiciency. 

Condition  oi  the  Oxygen  in  tbe  Blood.— The  cffccU  of  njost  gsKsan 
strictly  proportional  to  their  partial  pressure  in  the  respired  air.  OiyfS 
departs  from  this  rule,  for  there  arc  practically  no  effects  when  it*pef«nl- 
age  is  varied  between  10  to  15  or  100  per  cent.  This  is  expiainec  b_)' tbc 
fact  thnt  only  a  small  part  of  the  oxygen  is  carried  in  ph>'sical  solatwoi* 
the  blood  plasma.  By  far  the  greater  part  is  in  loose  chemic  comlan*li<* 
with  hemoglobin,  i  molecule  of  hemoglobin  combining  with  i  molecskc'Oi 
(Buttcrheld,  1913).  This  combination  is  only  slightly  affected  by  lie 
above  changes  of  pressure.  When  respiring  ordinary  air  without  obitW- 
lion,  the  hemoglobin  of  the  arterial  blood  is  already  four-fifths  to  M*" 
tenths  saturated  with  oxygen;  and  the  amount  taken  up  can  thertforebi 
but   little   increased  by   raising   the   oxygen   tension  (Budumster  U" 
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Incr,  1915).  The  oxygen  of  the  plasma,  however,  increases  directly 
with  the  oxygen  percentage  of  the  alveolar  air.  While  the  amount  thus 
carried  is  numerically  small,  it  becomes  important  in  conditions  in 
^'liich  the  hemoglohin  can  not  perfurm  ilit  functions  properly,  as  in 
ias  or  CO  poisoning.  The  plasma  oxygen  may  also  play  a  part 
'h«n  the  demands  for  oxygen  are  greater  than  can  be  supplied  by  the 
hemoglobin;  as  in  verj*  severe  muscuJar  exertion  or  in  cardiac  disease. 

Ordinary  aitcriAl  blood  conUins  about  tS.5  per  cent.  o(  oxyj^en  in  clicmic  combina- 
tion with  hemoglabini  &nd  o.O  per  cent,  dissolved  in  the  plmma — a  total  of  ig.i  per 
cent-  Inlialallon  ol  undiluted  oxy);cii  increiiscs  the  percenuge  in  o^ylK'HiOKlobin  only 
to  18.7  per  cent.;  the  dissolved  oxycen  is  increased  in  propoftion  lo  the  paitial  pressure; 
'  L,  to  J  pet  ecnl-.  eivine  a  total  of  31.7  per  cent.,  or  an  inciense  of  j.fi  prr  cent.  This 
BDt  rriilly  n»  tmall  as  it  amicar!';  (or  il  seems  thai  the  uiy hemoglobin  does  not  yield 
I  Its  oxj'Rtn  to  the  tissues  [for  instance,  after  death  by  Mph>-xia  the  blood  »lill  contain* 
conside table  ox)-gen).  JInldane  considers  that  Ibc  inciejiseof  1.6  per  cent,  really  equals 
about  40  per  cent,  of  the  easily  available  oxygen  of  Ibe  blood. 

Diisociatioti  Curve  of  Oxyhemoglobin.—This  follows  the  law  of  moss-action, 

:  showinc  that  the  reaction  h  chcmic  .tnJ  not  absoiplive.    The  cur\'e  h  iiJeniical  (of 

Dim  WlUlions  of  hemoglobin,  whatever  their  origin;  but  it  is  markedly  alli-cted  by 

Becbolytcs.  and  therefore  differs  in  the  blood  of  different  animals  or  even  indivJduoU. 

HTie  aelion  of  electrolytes  is  expldinrd  by  n);^icgation  of  the  hemoglobin  mi'lccules. 

I  It  Is  especially  great  with  acids  (H-ion  concent  ration).     Increased  acidity  diminiahei 

the  affinity,  and  therefore  the  effective  concentration  of  oxveco.    Thus  40  mm.  of  CO» 

ttit»  the  ei%cieQry  of  oxygen  into  half.    The  same  l*w»  hoItT  for  CO  hemoglobin  (Har- 

ctoft,  1914). 

Absorption  of  Oxygen  in  th«  Lungs.— ^The re  has  been  much  d>icus«ion  whether  this 
fotlowi  purely  physical  laws.  The  question  Is  even  now  not  absolutely  decided.  Ac- 
cordinit  lo  1)iiuk|la'?  and  Hutdanc,  1910,  the  absorplioii  isHimply  physical  under  ordinary 
condilioni;  but  IF  «o  much  V.U  is  inhaled  that  the  supfily  ol  oxygen  lo  the  tiuues  become 
in«dequBle,  there  is  an  active  (secietorj')  absorption,  to  that  Ihe  partial  pressure  of 
oxygen  iu  the  arterial  bluud  becomes  higher  than  In  the  alveolar  air.  This  occurs  also 
when  the  demand  for  oxygen  h  increased  by  muscular  work.  It  is  not  known  how  ihi* 
i<orrelntinn  Is  brought  ab.iut, 

'  Mechanism  of  Oxidatioua  in  Tissues,— The  oxidMlons  of  metabolism  are  not  ac- 
complished by  oxygen  directly,  for  they  can  not  be  reproduced  in  tilro  nt  ordinary 
Icmperalure.  There  must  be  some  activation  of  the  oxygen.  The  mosl  commonly 
accepted  theories  are  modifications  of  Ibal  of  M.  Traubf.  (,r.  the  production  of  super* 
oxids.  which  produce  in  vilra  tynes  of  oxidation  correnpondini;  ilowly  lo  those  in  the 
body.  The  i>xida4ft  are  supposed  to  consist  of  organic  peroxitli  anil  a  catalyst  (pfioxi- 
l4Uf).  CiUaitisej,  which  occur  in  many  tissues,  act  only  on  hydtouen  peroxid:  their 
function  is  problematic  (Bibliography,  Kosllc,  Ilyg.Lab.,  Bui.  No.  59).  Thcoxidiring 
Ferments  to  far  identified  are  apparently  not  connected  with  Ihe  energy-producing 
«xidations  of  the  body  (Batelli  and  Stern,  iQii). 

Ralation  to  Medullary  Centers. — These  are  stimulated  by  moderate  deficiency 
of  oxygen;  paralyjied  by  extreme  deficiency.  The  respirnlory  center  is  the  mo»t 
Mniitivt,  then  the  vasomotor,  and  least  the  vagus  center.  The  intensity  of  the  reaction 
H  determined  by  the  rapidity  and  degree  of  the  change  and  by  the  state  of  the  center!. 
Eiicesiivc  oxygen  is  depiessant.  Loevenhart,  1913.  al t lib utcs  ordinary  a5ph>^ial  stimu- 
UtJon  to  depression  of  the  oxidative  processes  of  t-hc  cells,  by  actual  abstraction  of 
oxyicen,  or  by  increase  of  hydrogen-ion  concentration  (acidosis.  CO,].  Very  similar 
pbenomcna  are  produced  very  promptly  by  cyanids  which  are  known  to  interfere  with 
Oiidation.  The  resnonsc  occurs  so  promptly  that  ihcre  would  scarcely  be  time  lor 
the  scriirnvdalion  of  acid;  so  that  deficiency  of  oxygen  probably  acts  directly  (Gasser 
and  Loevenhart.  10141. 

Two-phase  Oxidation  Theory.— I-ncvfnhart,  191 ;,  suggests  that  aaphyiia  may  be 
*xplaine>l  by  assuming  tn-o  idiiises  of  oxidation;  the  "rest  process,"  occurring  during 
rest  and  recovery,  and  rec(uiring  external  oxygen;  and  the  "activity  process."  during 
activity,  which  consumes  mtcrnal  oxygen.  Roth  processes  would  be  constantly  iit 
ope^raiion;  their  relative  intensity  determining  the  state  of  activity  of  the  cell.  The 
addition  of  external  oxygen  would  reinforce  the  "rest  process"  and  thus  r^use  depres- 
sion; while  oxygen  deficiency  would  have  the  opposite  effect. 

Relation  of  Oxygen  to  Activiqp. —  livery  increase  of  activity,  in  any  organ,  appears  10 
produce  an  iactcased  cODSUinpdoD  of  oxygen.     This  uutlasl»  by  far  the  lime  of  actual 
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•limuluion  ami  visible  mpunsc.     The  nnmt  in  true  of  tbe  (iniduclion  <i[h«st, 
corraponds  to  the  "r»t  pn>ci;«."  ind  it  evidcntJy  cuncerncd  in  lb«  iiora^  of  potcstiil 
cnercj-. 

Minor  Effects  of  Oxygen  lohKUlion.  M rlabaliim.—L»vo\fier  and  S«c«La.  ■;>» 
claimird  Ilml  |)Ure  o^tigi-ii  hui  no  oQclI  on  mclaboliwii.    Thii  liiu  been  conbniMd  bfT 
modern  invesligntors.     Howrver.  the  tvpulcd  bcncAts  fmm  the  inlulUioa  of  o^ 
fatly   drufneroliun  and  xnmr  othrr  obscarr.  dhmiti  (if  I  he  reports  arc  rdUiblc} 
point  to  tome  effect  on  metabolism.  pcrhapitooMnall  tub«  delected  by  the  um&I  i 
of  obwn'allon. 

Onrgcii  inhalation  aUo  producer  »omc  other  slijthi  effects:  CI.  Bcriutd  ctailMd 
ibu  blraft  placed  (n  pure  oiy^cu  ore  Ktenliy  excited;  and  that  the  untie  uf  rabUtl  W 
comes  add.  Benedict  and  Higgini^.  igii.  obtetvcd  some  ituning  of  the  pulit,  «tl*^ 
chanse  in  icspirntion.  There  arc-  r.ithcr  more  marked  cllefl*  alter  ct^titt  « 
and  Pcmbrey.  igt  j).  The  etriciency  ul  atlilelei  Is  increased  and  furceil  re«pintio«< 
be  maintained  Iohkiit  (Hill  and  I'lick,  iqoq  and  tgio).  Christiaiucn  and  co-wmteA 
tQij.  attribute  thin  to  the  imnllcr  solvent  power  of  blood  for  C(li  in  the  prtMOCed 
exees*  of  oxygen. 

Oiygea  undei  excessive  pressutee  (above  1.7  atmMpbnes)  prDduccs  pneMBOoii; 
pressures  above  j  or  4  ntmosphcios,  cau^c  violent  conviuaionx  and  ultinatdy  death. 
These  elTecIs  are  not  due  ti>  prehsure  a^i  »u(li,  fwr  Ihcy  are  not  produced  by  comprtHcd 
Bir  until  the  partial  prc^urv  of  oxygen  reaches  the  above  fiftum.  A.  Adatm,  tgit.ui 
.V  Schmidt  and  Onvid,  1912,  cliimcd  that  prolonged  inhalation,  even  of  ;o  per  ctnL 
oxygen  ni  otilinary  pr<«4uie  wiiuU  produce  fatal  pneumonia.  Brucninit.  iQi  >.  refcn 
these  resulti  to  the  dryness  of  their  gAs.  since  the  lame  cRecti  were  prudixvd  BilkdiT 
compressed  air,  and  not  if  moist  oxygen  was  inhaled.  However.  Kinner.  191}.  fond 
that  even  when  these  precautions  are  Inken.  rabbits  ciposcd  forty.cixht  hour«l«lsps 
cent,  oxyjicn  show  congestive  or  inflammatory  changes  in  the  luncs.  ExpOMnW 
twenty-fi~>ur  hours  did  not  usually  prriiiicr  any  Homage. 

Pf^ocylosis-^TIiis  has  been  studied  in  vil'o  by  II.  J    Ilainburscr.  1015.    Dr 

Erivalionof  oiygen  stimulates  phagocjloiii  (or  a  lime;  prolonged  cxppmre  biik|jiiMiM 
icrcose  of  oxj'gcn  is  also  generally'  <lcptruanl.    H^rogen  pcraxjd  stimnlato  iiiiril.t- 
PolBssium  chlorate  and  ferricyanid  produce  no  effect. 

Oxygen  in  Asphyxial  Conditioos. — The  rrsuUs  are  especially  flfftii^ 
iti  those  forms  of  asjihyxia,  in  which  the  access  of  oxvRen  to  tnt  blood  is 
hindered,  as  by  vilialfd  air  (aneslhesia,  minrs,  wcll<,  etc.);  by  mttkvui^ 
interjenncf  u<iih  respiration  (suffocation,  drowning,  croup,  etc);  by*- 
pressed  respiration  (anesthesia,  collapie);  or  by  s  diminished  absorbing 
surface  of  the  lung  (pneumonia).  In  all  these  cum-s  the  blood  is  ^ 
linclly  venous,  i.e.,  the  hemoglobin  is  not  saturated  with  oxygen;  lu!  li' 
inhalation  of  the  gas  iiromoles  Ihe  saturation. 

In  anemia  (whether  from  hemorrhage  or  any  other  cause,  wci  ** 
chlorosU  or  leucemia)  asph>*xtal  conditions  result,  not  from  drfidrii 
supply  of  oxygen,  but  from  a  detidency  of  hemoglobin.  The  inhaliiKO 
of  oxygen,  in  these  cases,  does  not  increase  the  quantity  of  oxygen  c»n« 
by  the  hemoglobin,  but  that  carried  tn  solution  by  the  plasma,  as  hu beat 
explained. 

The  inhalation  of  oxygen  is  also  useful,  in  an  entirely  analogous  nuaw^- 
in  advarxfi  curiiiai:  disease,  when  the  einnilaiion  is  too  ilow  to  coo«v  tot 
required  oxygen  to  the  tissues. 

Another  factor  may  pos*ibly  come  into  play,  for  G.  S.  Sleirart.  1011.  lowd  t»* 
oxygen  inhalation,  while  it  produces  no  eflfcl  on  the  blood  floir  of  the  Kand  in  Mg* 
iodividuaJs.  nroduced  a  marked  increase  in  a  cyanotic  patient.  Artilidalb' P*'^^ 
vetseb  (frogs)  are  constricted  by  oxygen  (Hooker,  191 1). 

Admiaistiation. — Compres^sed  oxygen  is  marlteted  in  metal  lub> 
"ITie  gas  should  be  passed  through  warm  water  and  delivered  thr(W(b  • 
funnel  suspended  over  the  face  of  the  patient.  The  rate  and  dunt""'* 
the  administration  is  regulated  by  the  symptoms. 


The  funnel  mcUiuil,  however,  is  wasteful,  und  unly  enrlclies  tlie  air  by  3  to  5  per 
cent  uf  onygen.  If  h.ighcr  canccottaliom  arc  ticuied,  a  roaslc  with  volvci  tiiu*t  be 
used.     (V.  Hendenon.  1916J. 

Inlratrm'us  tnjiclion  of  Onygen. — This  is  described  by  Tunnicliffe  and  Slebbin^, 
11)16.  Il  gives  iftfii'l  relief  to  ihc  cynnosis  and  dvipnen.  In  mnn.  the  gns  can  be  io- 
jectcil  into  a  vein  al  Ilie  rate  of  600  to  1  loo  (.'.c.  fict  Iloui,  umihIIv  lie^innin^  ivilb  the 
TBle  of  500.  The  heort  must  be  watched,  the  injection  being  flopped  if  any  irregularity 
appears. 

Sttbculaneous  /njrelwmi/ Oiygfu.— This  was  introduced  by  Derosc,  1919.  McCru^ 
1914,  bdievet  that  it  has  a  limited  field  as  substitute  for  inhalailoa. 
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PREPARATIONS — OXYCEN 

'Oiygrmum  (Oiygen.).  U-S.P. 

OXYGEN  DEnCIENCY 

Asphyxia  Through  Lacii  of  Oiygen.— This  may  result  from  a  detldcocy  of  oiyaen  in 

the  nir  — by  brealbing  lare&cd  air,  or  air  diluted  with  indifferent  gases  (N.  li,  CHi); 
by  the  presence  of  CO;  by  ancmis;  flc,  Oritinary  air  may  be  diluted  until  il  contains 
only  about  ij  per  «nl.  of  oxysen  (or  may  be  rarefied  to  the  same  degree),  without 
proiiucing  nny  iramediate effect  (Bernstein,  18S2).  A  candle  will  be ejitinguished  when 
the  oxygen  Las  fallen  to  about  17.5  per  cent.,  and  is  tlierefure  a  te»l  for  the  safety  ot 
the  air.  11  far  a*  oxygen  is  concerned.  At  aliout  10  per  cent,  slight  symptoms  ore  notice- 
able, especially  on  exertion,  but  they  are  not  alarming — dizziness,  shortness  of  breath, 
deeper  and  mote  (re(|uent  tcsjiitation,  quickened  pulw,  slight  cyanosis.  With  ;  per 
cent.,  theie  symptoms  become  serious,  and  stupor  sets  in.  With  a  slightly  lesser  pcr- 
cerntagc,  unconsciousness  occurs.  With  j  to  3  per  cent.,  death  occurs  within  forty-five 
seconds  (the  effects  of  low  tensions  of  osygen  arc  described  by  Haldane.  1008; 
the  effects  on  respiration  are  reported  by  Schrnk,  1008).  Anoxemia  dilates  the  blood 
vessel?  (including  the  coronnryl  on  direct  perfusion  (Richards,  1914). 

Chronic  Oxygen  Deficiency. ^Afc  seen  in  anemias,  elc,  this  causes  considerable 
increased  tissue  destruction,  fatly  degeneration,  and  acidosis  (ammonia  in  urine). 
Finally  there  is  general  paralysis  of  all  organ  funct.iont>. 

Kxpi^urc  to  slightly  rarencd  air.  as  on  mountains,  causes  "mountaiti  sickneBs"^ 
nausea,  headache,  insomnia,  etc.  This  generally  disappears  after  a  few  davs.  A  curi- 
ous phenomenon  is  a  prompt  and  persistent  incrense  in  Ihc  corpuscle  and  hemoglobin 
content  of  ihc  bUimi  (by  1$  to  40  per  cent.).  This  is  al  first  due  to  a  diminution  of  ttie 
plasma,  the  total  i[uanlity  of  hemoglobin  being  uniiltercil.  After  a  time,  however,  the 
absolute  hemoglobin  is  also  increased;  the  formation  of  corpuscles  by  the  bone-marrow 
being  slimulalcd  (Dallwig.  Kolls  and  Loevenliarl,  loiji  ^.  II.  Martin.  Bunting  and 
Loerenhart,  1916),  There  is  retention  of  N.,  S.  and  P.  The  respirator v  metabolism 
is  increased.  These  effects  art  aittihuted  to  oxygen  deficiency  (Douglas,  Haldane, 
Henderson  and  Schneider,  191J.  Locvcnharl). 

Cheync'Stidces  res[riratioa  is  also  referable  to  oxygen  deSdcncy  (Douglas  and 
Haldane,  iQO<j):  the  apnea  loweri  the  oxygen  and  leads  to  accumulation  of  lactic  acid. 
Tliis  increases  the  excilaliilily  of  the  respiratory  center,  so  ihnt  a  very  low  COj  tension 
suffice*  to  produce  hyjiemnca.  This  lowers  the  CO,  and  increases  the  oxygen,  so  that 
the  lactic  add  is  oxidued,  apnea  reappears  and  the  whole  process  is  repeated. 


HYDROCYANIC  ACID  AHD  CYANIDS 

General  Statement. — Hydrocyanic  (prussic)  arid  is  probably  the  most 
rapidly  acting  poisun.  Il  produces  death  under  asphyxial  symptoms,  by 
hindering  the  oxidative  proccases  of  the  tissues.  It  also  interferes  with 
most  other  fermentations  and  is  therefore  a  general  protoplasmic  poison. 
Compounds  containing  the  CN  radical  are  toxic  only  if  they  can  liberate 
HON.  Fcrro-,  ferri-,  and  siilphocyanids  are  stable  and  therefore  do  not 
show  these  effects. 

Occurrence. — Hydrocyanic  acid  exists  in  glucosidal  form  a*  amyxdatin  in  many 
plan  t  ^  especially  in  the  seeds  and  leaves  of  the  cherry,  alinand,  peach,  etc.    This  amygda- 
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lin,  wh«i  pure,  ii  aInuMt  Mitirdy  hurmlcu,  except » it  it  (kcompoteil  In  Uie  bodr.  But 
in  mi>it  plunt»it  cormlt  with  tncfcrmcnl  cmuUin.  by  wbich  It  utplil  up  in  ibrprtMatt 
o(  water  into  hydiocyauic  uid,  gluL'oic,  suvi  bi^iualdthyd; 

C„n„NOi,  +  aH,0  "  jC,H„0.  +  HCN*  +  CJi,  CHO 

One  pan)  of  cherry  kernels  yields  1.7  mg,  liydrocy&nic  acid;  1  xnm  bltut  tlsMnd 
pulp  viclcis  1.5  mg.  hycltocyniiic  add. 

The  most  impnrlant  cyanogen  (CN)  compounds  arc  the  arid  (prDMK  Kid,  cAdil 
ai  the  dilute,  3  per  cent,  soluliun)  and  tyaiiid  uf  polusium.  Mercury  tfatU  IM 
miinly  a  mercury  action.  The  cyanirj  nction  is  also  sharwi  by  the  organic  e*tcn  (Mkdil; 
these  differ  from  polnsdum  cyanld  only  in  the  rapidity  with  which  ibt  I  j  lliii(«ll  k 
lllHrr-.>ted  (Lane.  i8g4;  litymuns  and  Masulu.  1897,  iQoo.  i<>oi'.  R.  Hunt.  I90(L 
NUrofTuaids  hbcrutc  CN  rcitdily  and  agttt  wilk  cyatiids,  except  that  they  bk  las  <••■ 
vubivc  (L.  Hermann). 

Effects  on  Higher  Animal  s.^\\''hcn  given  in  doses  small  enough  to 
permit  of  watching  its  action,  this  1^  seen  to  consist  in  A^efting  slimuJiUiim 
of  certain  parts  of  the  centra!  neniuui  system,  foUawed  by  depreuion  and 
paralysis.  The  action  begins  in  the  medulla.  The  vomiting,  respiratory, 
vagus,  pupil-dilator,  and  vasomotor  centers  arc  all  stimulated.  Theo 
come&  vneonsciDuiness,  and  aflcr  ihhcoKtft^siotis.  In  man  these  are  pro^ 
ably  mainly,  medullary  in  origin.  Then  follows  paralj'sis  of  the  vbole 
central  nervoui>  system.  Involuntary  evacuations  of  feces,  tirine,  aod 
semen  are  frequent. 

The  Respiration. — ^TUs  is  at  first  greatly  increased,  especially  in  deptli; 
it  then  beiomes  slow,  shallow,  and  irregular  (Cheyne-Stokes  l>'pe).  It 
stops  considerably  Iwforc  the  heart,  paral}^is  of  the  respirator}'  cerlH 
being  the  immediate  tatise  of  death. 

The  effects  on  respiration  are  central,  tor  they  arc  not  affected  by  vectim  of  tkn^ 
or  hy  atro|Hn  (ilocbm  and  Knlc.  (874).  The  iLmallcil  effective  dcaci  incnua  both  tk 
rate  and  depth  of  rt«pirationi  HCN  beinitone  of  thesiroo^Mi  stimulanttof  theiv|m- 
tory  center.  Thin  is  more  icniiiive  locyanids  than  the  voKimoiot center, and ttiii^ 
b  more  tenMtivc  than  the  voKii'  center.  Larger  doses  blow  the  rate,  but  greatly  bocw 
the  dcptlis  of  rnpi  ration.  Toxic  dutn  depress  and  paralyae  the  onler.  Tfacrr^'n' 
tory  etfccls  arc  antagonized  by  iodosubeniaatc,  wtdch'yield* actirc oxysen  (Gtorrind 
l.ocvrnhart.  1911). 

In  troia,  the  respirator}-  center  'n  also  stimulated  by  unall  and  ihiiiiwiil  bjr liV 
doses.  r>ecerebruted  animals  require  larger  dosei  than  normal  to  produce  mpuiW 
paralysis  (Ilcpner,  1015). 

Cimwltifm, — Ktil>bit»  deprived  of  their  hemispheres  vxbibll  the  bmibI  Xypttta^ 
vubions;  but  the  counc  is  more  rapid  (Murita.  1915). 

The  Effeei  on  the  Circulation. — ^This  is  entirely  analogous  to  tbu  (f 
asph>'xia  (see  Fig.  6,  page  192).  As  in  Ihe  liiiier.  the  heiirt  tM^sgii* 
execute  a  few  movements  after  it  ha^^  stopped  for  a  time  ik  in  tbe  figw}; 
but  these  do  not  suffice  to  maintain  the  circulation. 

Vasamolar  Center. — This  shows  intense  stimulation,  with  coiTeapondillgliltflf  UN* 
pre&iure.    The  cfTcctt  correspond  with  aiphyiiB  (riUhcr  and  SoUtnann,  191}). 

Periphrral  Actiim  on  Vriicli. — In  eicutd  Utinryi  jperfusnl  with  saline  ■MU'te'k 
addition  u(  hydrocyanic  ucid  causes  a  ver>'  marked  ditatlon  ol  tbe  renal  rnHik  1* 
cfteci  i^  apparently  due  to  a  raralysU  of  the  arterial  muide.  It  rfiuppcan  fW>*{ 
on  rcmovmB  the  cynnid  (.Sollmann,  1908).  The  coronary  veaaels  are  ahftdW" 
(Loevenhart  and  Eyster,  191,^).  U  is  quite  possible  that  these  dilattont  aredMtv^ 
intcrfcrcnrc  with  the  oxidation  of  metabolic  was te- products. 

Iffari. — Applied  directly  to  the  Jrox')  keatt,  cysnids  cause  a  standstlD.  ■hjdilii* 
removed  by  at  ropin:  however,  tlie  hear!  responds  stronsly  to  electric  otmechariCiM* 
lation.  The  paralysis  evidently  involve*  I  he  aiilonUitic  property  of  the  oudiK  Ol^ 
There  is  no  evidence  of  this  action  ou  [lie  Uuod- pressure  iraclnRS  (torn  miwiwlr 

In  litnutui,  weak  concentrations  sliinulat«  the  heart  musde  and  y "tfj"  (Cai^ 
»9*7).  . 

Cjranid  Action  Explained  by  Tissue  AsphyiiA.— Tbe  i>IwBoaMaa  til  ikt  MiB  ' 
hydrocyanic  »cid  on  the  central  ncrvout  syttcm — the  itimulation  of  tbi  mddV 
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,  the  convuUionx,  the  vascular  parai}-»is,  cic. — bear  a  date  lacmblftnce  to  Hunt 
yxU  Vid  it  can  be  easily  shoivn  iltat  otidmion  is  (-nornioiinK'  iliininiilicd,  TbcR 
Is,  IrowetTr,  one  vcr>'  marked  difieicnce  from  ordinary  asphyxia,  for  Ihe  blood  remain* 
of  a  litiglil  arterial  color,  imleeii,  the  oxygen  conlcm  of  the  venous  blood  in  typical  cyanld 
poisoning  approaehes  that  of  ordinary  arterial  blood  (CI.  Bernard).'  Tiic  onygeti  Uin 
tbc  ordinary  combination  with  hemt^lobin,  and  can  be  removed  as  readily  u.  noRnally 
(■  aiuo.  It  is  therefore  evident  that  the  oxygi-n  supply  to  the  tissues  is  not  tcsscnea. 
Tbe  cause  of  the  aiph^iia.  of  the  lessened  oxidation.  mu;I  lie  in  the  protoplasm  of  the 
tissues.  This  undergoes  what  might  be  termed  "intr-miil  mphyxia''  in  sivlil  of  abund- 
ant oxygen  (Geuperl,  1889).  The  interference  with  owdslion  has  alw  been  demon- 
Elraled'  with  '■salted  frog?;"  eotcisei!  kidneys  (Vernon.  1Q06J;  many  lower TvnimaU;  and 
with  ferments.  It  may  therefore  be  assumed  that  ihc  cyanld  interferes  with  the 
(crmcnlative  processes  by  whith  the  utilization  of  onyBcn  is  aiconiplished. 

Hyman.  njib.  has  mcisured  the  effects  on  oxygen  consumption  in  sponges.  They 
consist  in  a  piimaiy  increase,  (ollowed  by  diminution.  The  depression  increases  at  Ihe 
concentration  of  Ihc  cyanid,  n>  that  high  conccnlralions  produce  practically  pure  de- 
pression . 

Action  OB  Fermenls. — Schnenbein,  i3n;,  first  showed  that  hydrocyanic  acid  inhibits 
biidizini;  ferments,  preventing  the  catalytic  nclion  of  ohcd  blood  on  HiOi,  The  catalase 
is  n<>l  destroyed,  but  only  inliibitrd,  (In  acute  cyanid  poisoning,  the  inhibitory  con- 
ecnlralion  is  not  reached;  Dunckec  and  Jodibauer,  ipi  1).  It  hns  a  rimilar  inhibitoiy 
effect  on  many  other  organic  ferments  and  inarganic  catalyiert  (spongy  platinum). 
The  eBe<t  on  metals  is  probably  produced  by  a  minute  him  uf  cyanid.  and  its  mechanism 
is  therefore  prob.ibly  not  analogous  to  that  on  organic  ferments. 

Action  on  Hemoglobin.— It  is  doubtful  whether  HCN  combines  Cecily  with 
hemoglobin  under  ordinary  conditions,  Zeynek.  tool,  stales  that  cyanid  does  not  com- 
bine at  all  with  hemoglobin;  and  that  with  oxyhemoglobin  it  docs  so  only  after  several 
hours;  even  at  body  Iciniicmture, 

When  added  to  metbenmcl'ibln.  It  caused  Ihe  fcirmation  of  cyan -hemoglobin  (Robert. 
1801;  V.  Zej-nek).  which  diffcfi  frcim  ordinary'  hemoglobin  In  its  bright  reef  color  and  in  a 
peculiar  band  (Pig.  ly).  This  cuoipiiund  is  responsible  for  the  bright  red  ccchymolic 
fjujti  seen  after  hydrocyanic  poisoning,  Mcthcoiuglobb  can  be  used  as  a  test  for 
hydrocyanic  acid. 

Lower  Oreaoisms. — Cyanid  Is  a  violatl  protoplatmic  poimn,  presumably  through  its 
restraint  of  the  fermentations  which  play  a  most  important  rAlc  in  life  processes-  All 
forms  of  life,  all  tissues  and  organs,  are  uffectetl.  Infusoria  are  killed  in  a  concentration 
of  0.1  per  cent.  The  growth  of  yeast  and  of  higher  plants,  the  germination  of  seeds,  the 
contractility  of  animal  cells,  the  conductiiaty  ol  ni-rves,  etc,  are  inliibited.  If  the  adton 
is  sufficiently  continued,  all  vitality  is  destroyed;  but  if  the  cyanid  is  [iromptly  removed, 
complete  recovery  occurs.  Its  effects  agree  with  those  of  deprivation  of  oiygen.  J. 
Lotb.  igio,  found  in  arbscia  ovu  that  this  lessens  tbc  toiic  etTecls  of  a  number  of  poisons 
(salts,  saccharose,  lipoid- narcotics),  and  Warburg,  igii.  claims  that  the  combined  inhibi- 
tory action  of  HCN  and  hydrocarbon  narcotics  is  less  than  simple  summation.  In  cer- 
tain fish  ova.  cyanids  also  suspend  the  auloly  lie  prwcsscs  accompanying  death,  so  that 
tbe  cells  remain  in  a  condition  between  life  and  death  for  several  Jayi  [SoUmann.  1006). 

Phagocytosis. — Tliis  h  stimulated  in  nilfii  by  traces  of  KCN;  the  effect  bring  anal- 
ugoua  lo  oTygcn  dfprivalion  (H.  J.  Hamburger.  loij). 

Henibrane  Permeability. — Even  very  dilute  cyanid  solutions  increase  the  perm«- 
bility  of  Tradescaiitia  cells.  This  effect  is  enhanced  by  very  low  concentrations  of 
chloroform  or  alcohol;  diminished  by  higher  conccnlralions  (Krehan.  IQ14). 

Other  Effects  on  Metabolism. — Severe  o'anid  poiioning  increases  the  total  N  «i- 
cretion,  mainly  as  urea,  both  in  starving  and  in  led  animals. 

Local  Anesthesia.—Direct  application  of  HCN,  even  to  the  intact 
skin,  produces  local  anesthesia. 

F«t». — Hydrocyanic  add  b  very  unstable;  it  changes  very  readily,  even  by  mere 
exposure  lo  light  and  air;  and  it  undergoes  ttill  quicker  decomposition  in  the  body- 
Part  of  it  combines  with  aulpbur-contoining  molecules  to  form  iiilohocyanids.  .\  putt  l« 
e-tcteled  unchanged  by  the  lungs.  The  late  of  ihe  remaimlct  is  unknown.  Postmortem, 
Waller.  1010.  found  the  largest  qiinnlity  in  the  heart  ond  brain. 

Sulphocyaaid  is  found  in  the  human  parotid  sdlivi,  ivhile  it  is  absent  in  that  of  all 
other  animals.  The  nervous  connection  ol  the  gland  must  be  intact,  for  it  is  absent  in 
middle'eardiscosc,  for  instance,  Jucrgen*,  1901.    Cischeidlen  found  it  constantly  in  human 

'  Chift.  iftti,  cUims  thut  Ihe  trtl  mlnr  nf  tb»  v»nou»  lilnod  U  not  due  to  leoened  oiidallan.  l>"» 
to  mora  npiil  cueulation  (rom  voKdilalion  and  cariluc  ilimulatioa. 
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iidaci  and  KmcU  claims  that  iracM  ciUt  normally  in  tht  stonuch.    It«  <  _ 
ia  not  imdentood.  but  it  docs  nol  rcsull  from  buclciijil  ilFcompoidtiua  at  wm  Io 
CUpnMrd.     It  U  suggestive  that  some  pcntcinx  with  iooKly  conilnDcd  tulphar  cm* 
KCNinco  KCNSinnlrout  riX)tTil('in)»'ralurc(Pa»chclc&).     Ittiamount  can  be  incrcMtrf 
by  taking  HCN' — t^'cn  that  ciisling  in  tobacco  smoke  cauwng  an  increase. 

Acute  Cyanid  Poisoniag.— Hydrocyanic  add  is  not  much  used  in  crin- 
inal  poisoning  (0.5  per  cent,  oi  llie  reciirded  ca»es),  because  Us  quick  ac- 
tion would  soon  lead  to  the  detection  of  the  crime.  On  the  other  hand,  it 
or  the  cyanids  are  favorite  nietliod."!  with  Auicides.  Oa  account  of  the 
technical  uses  of  potassium  cyanid  (in  photography,  clectrt^IatiDg,  dcai)> 
ing  of  melab,  etc.),  it  can  gener.illy  be  obtained  with  tittle  trouble.  Sone 
cases  are  also  reported  of  accidental  poisoning  by  the  gaseous  acid. 

Pure  hydrocyanic  acid  h  exlremrly  volatile  and  very  toxic.  The  fanwui  (bnniu 
Scheele.  wlio  UiEcovered  hydrocyanic  acid,  was  killed  by  the  vapon  »rt  lre«  la  Ik 
broking  of  a  Dosk  of  this  fluid.  Many  fatalities  have  been  produced  bf  the  wr  il 
qranid  va[mrt  a«  inswtidde. 

Tbe  slttnjilk  of  the  official  (dilute)  acid  tliould  be  1  per  cent.;  but  laaBjr  nnffa 
arc  much  weaker,  on  account  of  decomposition.  Puiauium  cyanid  is  alto  vei]r  vaiMit 
The  pharmaropreia  requires  a  strength  of  qo  per  cent.;  hut  the  conmcrttal  uodt 
aomelimes  contains  only  30  or  40  per  cent.  'I'liis  accounts  iu  jiart  tor  the  variabiliij ii 
the  appearance  and  severity  of  the  aymptoraa.  Another  variable  taclor  b  llx  •*>( 
of  nhiin pliitn .  oecuriling  to  whether  the  i:tomarh  \i  full  or  empty.  In  the  laltHOK 
there  is  a  much  better  clianceof  savinx  the  pnlicnt.  However,  the  alMorplios  llihaj* 
very  rapid;  it  occur?  even  to  some  extent  from  the  intact  skin.  Applkatton  tonaw^ 
faces  or  to  cul&  has  given  rise  to  pol«ining.     Inhalation  of  the  vapon  hai  pravHi  UuL 

The/dMJujc  of  absolute  HCN  Ik  about  0.05  Cm.  (1  icr); that  of  KCNiiO.)t««3 
Gm.  (3  lo  s  gr,);  that  of  dilute  hydrocyanic  acid  would  be  about  i.j  (lin.;  loorfoBiiar 
almond  seeds,  would  be  fatal.  Corresponilingly  larger  do«c»  arc  needed  if  ihcdrapitt 
Impure  or  dceomfioscd.  Tlit  imiTC^Mon  prevail*  guite  widely  that  pnitaic  add  »"• 
ol  I  hi;  most  powerful  [HiLsons.  'Inis  reputation  is  justified  by  its  extrrmdy  nfU  *l*^ 
rather  than  hy  its  Invir  dose. 

In  the  so-called  apopUetic  farm;  t.r.,  when  ver>'  larKC  dosn  are  taken,  the  ftiiol 
may  fall  unconscious,  often  with  a  loud  crv.  within  ten  iMKond*.'  and  die  urithin  f*  i» 
five  minutes,  after  some  conv^«ons.  Orilinarjly.  the  course  in  rather  more  nr(ili]a|>^ 
aevcral  minutes  may  elapse  after  takinii!  the  poison  before  any  cfiect  b  BOtKti;dirt 
occurs  between  fifteen  minutes  to  an  hour. 

Theiym^fnmi  consist  In  vertigo,  mental  dtmn<«,  headache,  pa1pituii)it;UKOCfia0 
dyspnea,  which  nuiy  become  very  violent  from  •timulation  <d  the  ropiratoir  OVliT. 
the  jialient  then  hecomci  totally  unconscious  and  shows  very  violent  coaniiMM 
During  thb  stage  the  heart  may  be  grcallj"  quickened.  The  respiration  becomes  i^ 
ditricuft  and  then  ceaf>e».  The  hrart  at  Ihit  time  h  very  much  weakened,  but  ttill  <*■ 
tinues  to  beat  for  a  short  time  and  then  stops. 

The  morlality  is  very  high:  95  per  cent.  I£  the  patient  survixtj*" 
hour,  rectnery  h  the  rule.  It  is  often  followed  by  persistent  head*''"'' 
tremors,  etc. 

The  prompt  diagnosis  of  cyanid  poisoning  is  very  impottant  b  «• 
o(  the  treatment.  The  odor  Ltquite  characteristic.  (The  student  Aw^ 
famitiarizc  himself  with  the  appearance  and  odor  of  potassium  cyanid' 
The  very  rapid  onset  of  the  symptoms  is  also  characteristic. 

At  the  atilopsy.  the  odor  is  alio  noticeable  on  openiruc  the   body.    Thcic  *''*' 

STuiiar  Iriioni.  except  with  potassium  cyanid,  which  acts  as  an  alkaUDC  caimk-  Tte 
iipd  is  generally  liquid,  and  remains  so  after  removal  from  the  body  (by  (oWfu^'J 
with  the  fibrin  ferment).  Its  color  is  stated  lo  be  very  d»rk — but  ihi  la  W  •"■* 
all  coies:  it  may  he  of  a  very  bright  arterial  color.  Bright  red  Kckym«lie  Ipaf*'*^ 
lo  cyan -hemoglobin,  occur  during  putrefaction.  The  final  pruef  (4  cysidd  p*"** 
rests  OD  ehcmic  teats.  The  poison  disa|ipean  witliin  two  weeks  clurinf  putmW''*' 
but  ictnains  for  a  long  time  l!  the  latter  i«  prevented  and  if  there  it  iki  evaporat)^^ 
Chronic  Polraoing. — The  repeated  ad  mi  niftt  ration  of  aubletbal  dOMsef  namd*  ■'** 
to  chronic  cj,cheiia,  without  altering  the  susceptibility  to  the  paiaon  (SdHtlL  >"'' 
Peripheral  neuritis  has  been  reported  (Collins  and  Martlond,  1906). 

■  Thit  im  (he  iihar(«^L  tims  tBpaiird — a  fict  which  nujr  be  of  tttmt  iimliMi  If  I  tmptffV^' 


^VcAtment  of  Cyanid  Poisoning.^This  must  be  very  prompt.  Tr  con- 
sists  in  lavage  with  chemical  antidotes,  and  in  symplumiLtic  stimulation. 
The  chemic  antidotes  are  oxidizing  agents  {HiOj;  potassium  i»rmaiij:a- 
nate,  J-^  to  M  per  cent.);  "arsenic  antidote;"  or  sodium  thiosulphate 
("Hypo"),  1  per  cent.  These  form  harmless  molecular  compounds. 
Unfortunately,  the  absorption  of  the  poison  is  so  rapid  that  the  antidotes 
are  often  ineffective. 

Chemic  Antidotes.^HiO,  is  only  effective  if  theitomach  is  empty.  It  forms  ox  Amid: 
<iHCN  +  H,Oi  =  (CO),(NH])i-  Attalinff f.rruus  sulphalt  ioimsicrrocy^iiid.  It  wu 
advocutcd  by  Smith,  1SS4,  mid  is  indorsed  by  Sandwick.  i^ob.  It  is  cuavcaiidtly 
prepsred  by  adding   FeSO.  to  the  official  "nrsenic  antidote."     Cobaltous  nitrate  {o.j 

Er  cent.)  forms  cobilto-cyanid;  and  thiosalphale  forms  ^ulphocyanid.  Thioaulnhale 
s  Kivcn  especially  jcuod  results  as  a  ptuphytalic,  and  in  uilril  poisoning  in  animals 
(Meurice.  1900),  but  is  of  Utile  value  in  developed  c>-anid  poisoning  {Heyroans  and 
Masoin,  )!<()7).  It  may  l>e  injected  inlravenously  (o.j  to  I  per  cent.,  added  to  0.6 
per  cent.  NaCl)  or  hypodermically  (j  per  cent.),  using  100  to  500  c.c. 

It  has  also  been  suggested  to  bleed  the  patient  profusely,  replacing  the  blood  by  saline 
solutioD- 

The  symptomalk  Ireaimettt  consists  essentially  in  supporting  the  respira- 
Uon.  Brisk  artificial  respiration  should  be  begun  at  once  and  maintained 
as  long  as  the  heart  beats.  This  acts  mainly  by  aiding  the  elimination  of 
the  poison  through  the  lungs.  Counterirritalion,  and  general  stimulants 
(cafiein  and  atropin)  may  also  be  used. 

Therapeutic  Uses. — There  seems  to  be  no  rational  basts  foe  the  thera- 
peutic use  of  the  cyanids.    They  are  sometimes  used  as  flavors. 

The  lord  anodyne  action  is  used  against  itching  of  the  skin  and  pruri- 
tus, against  cough,  and  against  vomiting.  It  given  internally,  it  must  be 
in  small  doses  frequently  repeated,  on  account  of  the  rapid  decomposition. 
Hydrocyanic  acid  has  also  been  given  for  other  purposes,  especially  In 
pklhisis.  The  pyowerful  respiratory  stimulation  has  been  used  experi- 
mentally against  chloroform  accidents  (Backus),  but  it  would  be  a  dan- 
gerous remedy. 

Fumigation  wilh  HCN  is  used  for  the  dcsltuetion  of  insrrU  and  larger  vermin. 
Rather  high  concentrations  aru  requited  (McClintock,  Hamilton  and  Lowe,  1911], 
and  fatal  accidents  arc  frequent. 

PREPARATIONS — CVAMDS 

*Ac!dmm  Bydrocyan.  DU.,  U.S-P..  B.P.— About  2  per  cent,  of  HCN.  Colorless 
Uanld,  with  odor  o(  bluer  almonds.  Incompatible  ivith  melaJK.  D oie,  o.t  KX.,  ti^ 
iBUiimi,  U.S.P.;  0,11  too.j  c.c,  i  to  s  minims,  B.P.;  m-iximam  dost,  o.j  c.c,  5  minimK. 

On  standing,  it  loses  strength  rapidly,  decomposing  into  ammonium  formate, 
CO),  cyanic  nitid.  and  a  brown  precipitate  ol  paracyanogen  (L,  .\.  Iliuwn.  loio).  The 
decompuMtiun  is  retarded  by  add,  alcohol,  nnd  acctanilid  (C<iblcnt»  and  May.  igoS). 

'Pol.  Cyan..  A'C-V.— Occurs  nsually  as  white,  opaque  masses,  wilh  cyanid  odor. 
Dote,  5  mK  I  '  ja  gr.     Commercial  samples  arc  often  very  impure. 

Sodii  Cyanidum  (Sod.  CyinJd.),  U.i.P.;  NaCN. — Wliiie,  opaque  picaes,  or  granular 
powder;  dcliiguescent  in  the  air  and  exhaling  the  odor  of  hydrocyanic  acid.  Freely 
MJuble  in  old  water. 

/twyjdij/d  vlmora,  B.P.;  Bitter  Almond. — The  ripe  seed  otPrunusAmygdalusamara. 
Contains  am>'gdalin,  fixed  and  volatile  oil,  etc. 

All-  Amyail.  Amar  ,  U.S. P-— Bitter  Almond  Water  contains  a  mere  trace  of  hydro- 
cyanic acid  and  differs  frum  the  pirparulion  of  the  same  nami-.  recommended  by  llie 
BruHcU  Conference  of  igoi,  which  contains  o.i  per  cent.  o(  hydrocyanic  acid.  Dost, 
4  ex..  ■  dram,  U.S.P,;  laiuimum  dose,  ^  c.c,  1  dimm. 

Of.  Amygd.  Amor.,  U.S.P.— The  distilled  oil.  Vields  not  Icm  thui  8e  per  cent,  of 
bcn2«ldch>-d,  and  not  less  than  i  per  cent,  nor  more  tbun  4  per  cent,  of  hydrocyanic 
»cid.     Doit,  0.OS  c.c,,  ij  minim,  U.S.P. 
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Sp.  Amyei-  Amor..  tT.S.P. —  i  per  cent,  of  oil.    Dau,  0.5  ex.,  8  nurii»,C!Lf-   1 
SnudJJcMiim,    U.S.P..    C.KiCOH.— An    fttdtt)}^!    produced    q-Mbtiiah*) 
obtained  Itom  natumi  oH  of  bitter  ulmond.    A  colorlcu  «r j^ixnih.  »trCBcl)  rfyW ' 
liquid;  bittcr-almond-likc  odoi;  hurnintt  Rromiitic  Iiule.     Slkfally  Mil-  in  nlJt^dKail 
Willi  dc,  eth.,  and  fiwd  and  vol«iil<  oiU.    A'lc,  o.ojcx.,  >5  minim,  VSr.      ^^ 
Launarati  Foli,i,  D.P. — The  froJi  leavet  of  Prunus  Laumccruut  (Ch((qrtJ«<A 
Aa.  Loitroeer.,  B.P,— 0.1  per  cent,  ol  HCS".    />o«.  )  to  8  c.c,  4  tojdiiW.*;' 
iVtww  KiVfi-WBJ,  U.S  P.;  PriiN.   CirgrB.  Ort,,  B.P.  (Wild  Checrjr  BlH-Ty 
ttem-bark  of  Pninu&  ncrotina.    ConUiot  liuuiin,  aic>-K(Ulin,  umJ  bitia  (!««■•' 
jDtfK,  iCni..,ioRr.,  U.S.P. 

'Syr.  P/-II.  liVj.,  lt.S.P.,  B.P.  {Sjrup  <.(  Wild   Cherry).— 15  pa  cut.   flw.l 
cc,  I  dram,  U.S.P.;i  to 4 C.c.,  hi  lot  dmm.  B.P.;nuinl>'k*lla%'orforcoitkBUtB'^ 
Tf.  Proa.  Virgt*.,  B.P.— >o  per  cent.    Dott,  1  to  4  ex.,  }i  to  1  dna,  SlP< 


PHYSICAL  FACTORS  OF  SALT  ACTIONS 

General  Statement. — The  druRS  so  far  studied  produce  Uiciri 
mainly  hy  entering  into  chemie  combination  with  the  protoptasO'  Sia* 
these  chcmic  changes  are  distinct  (or  each  drug,  the  effects  ««  aliP  «* 
linctive,  differing  in  kind  a.s  well  as  in  degree.  Besides  (be  iKopctkt 
which  arc  ordinarily  d(.-s.ignatcd  as  chcmica],  Bul«tancc*  in  solmion  ? 
suspension  also  possess  certain  physical  properties,  depending  <»J^ 
molecular  slate,  an<l  indo|>en<)ent  of  their  chemic  compoaitioii. 
properties  arc  possessed  both  by  the  drugs  and  by  the  cells. 

Molecules  in  solution  have  qualitatively  and  quantitatively  I 
effects  on  the  boiling  and  freezing-point,  o&RWStN.  etc.,  ihe  u  ^ 
"coUigative  properties,"  By  influencing  the  osmotic  exchanges  ami  "• 
surface  tension,  these  alter  mainly  the  water  and  salt  content  aad  taieiw 
pressure  of  the  cells.  This  produces  changes  in  composilion  and  li*"' 
fore  in  function,  even  when  thesubstanceitaelf  doe*  not  enter  into  the"" 
These  effcct-s  arc  produced  by  all  substances  which  form  true  <oIuli* 
(the  "crystalloids").  Since  the  results  arc  proportional  to  th  ">*■ 
cular  concentration  (the  number  of  molecules  dissolved  iti  the  unit  toIiB' 
of  the  solvent),  their  importance  varies  with  the  quantity  of  iht'J'f 
that  can  be  introduced  without  producing  serious  chcmic  changei-  1*^ 
physical  action.4  are  therefore  [>hysiologicaI]y  insignificant  for  tbcM!<>^ 
stances  which  cause  pronounced  chemic  effects.  They  are  pnclio"! 
important  mainly  for  the  neutral  salu  of  alkalies,  and  are  therelort  ce* 
monly  called  "salt  actions,"  Even  these  sall-s,  however,  or  rather'*' 
constituent  ions,  produce  in  addition  specific  effects,  due  pvtly  ■*  ibj 
electric  charges,  partly  to  tlieir  specific  chemic  properties.  Thwe  ^' 
fie  effects  may  be  called  "ion  ac4io»s."  It  must  also  be  remembtfed  •** 
the  cells  are  normally  bathed  in  a  saline  solution;  the  salt  and  ion  mJ^ 
are  therefore  due  to  a  di.tturbanoe  in  the  normal  environment  of  the  cA 
to  the  relative  diminution  of  the  normal  constituents,  a*  well  u  totat 
increase  of  tlie  added  constituent. 

The  "colloids"'  of  the  celt*  likewiM-  play  a  highly  important  F*^^ 
these  salt  actions.  Colloid  solutions,  such  as  those  of  the  proldo*.  u*^ 
in  important  particulars  from  the  true  solutions,  such  as  those  of  tit' ''^ 
although  there  is  a  gradual  transition.  In  true  solutionH,  the  nioh^ 
of  the  solute  are  di*persed  through  the  solvent,  aod  behave  very  °^^'t 
do  gases.  In  colloid  solutions,  the  solute  occurs  iu  smaller  tf  1^ 
groups  or  "aggregates"  of  molecules;  and  according  to  their  lite  tW'' 

>  An  intcKsUnc  dlmmlan  et  "ColloU  KcMlioiu  la  Blolsar**  >•  €>*•■  in   IW  HwtV  •^^ 
til  H*6to.  mi  4. 


proach  more  or  less  in  their  properties  to  mere  suspensions  of  solids  or 
liquids.  They  therefore  lack  (practically)  the  coUigative  quahties  of  the 
true  solutions.  On  the  other  hand,  the  suspensions  exhibit  the  electric 
and  surface  phenomena  of  particles.  Because  of  the  relatively  high 
state  of  subdivision,  the  "surface  pheoomena"^ — surface  tension,  ad- 
sorplioQ,  catalytic  properties,  etc. — are  very  conspicuous,  and  play  a 
Wghly  important  part  in  the  functionalion  of  protoplasm.  The  con- 
sistency of  the  protoplasm,  fluid  or  gelatinous,  and  the  quantity  of 
water  imbibed,  also  depend  on  the  colloid*.  These  properties  are 
greatly  influenced  by  the  physical,  electrical  and  chemical  conditions  of  the 
meilium  in  which  the  colloid  is  suspended.  It  is  in  this  interaction  of 
the  saline  medium  with  the  protein  and  lipoid  colloids  that  the  salt  actions 
consist. 

COLLOIDAL  soLunons 

ReUtlon  of  Colloids  and  CiysUlloids. — (•ralia.m,  iS6i,  divided  soluble  substance* 
Into  iiy^tutluiii^  Hud  colluiih,  accuriling  lu  whclber  they  diffuse  thmugli  pa[i;hmcD[  &n(l 
stmilac  membranes.  This  crilerion  i^  by  no  mcan»  a  sharp  one,  and  has  been  supple- 
[nentcd  by  others  as  knowledge  has  increased;  but  t  be  division  It  Imporlant  and  bis  been 
lelaincd.  Tbc  tcims  "eolloid"  und  "cr>-slslloJd"  do  nut  letm  to  any  particular  sub- 
stance or  dm  of  substances,  but  to  the  physical  slate  which  may  be  assumed  by  any 
substance  in  a,  solution  under  snlCnble  cnndilions. 

As  the  size  of  Ihi'  a^i^ri'i^ati^s  of  molecules  whicb  constitute  the  colloid  since  vsriet, 
the  IraosilioQ  between  (iie  physical  properties  of  the  two  kinds  o£  solutions  is  not  abrupt 
but  gradual.  Solutions  containing  discrete  molectilcs  (i.<.,  true  solutions  of  crystal! nidi) 
^orosch  the  colloid  Mnle  especiiilly  when  the  solution  is  cuncentisted  and  ibe  niole- 
cules  are  large;  while  colloid  solutions  approach  true  solutions  when  ihey  are  dilute  and 
the  aggregates  arc  »iiib11.  II  mu^t  also  be  remembered  ihitt  there  is  no  material  differ- 
ence in  llic  piiicly  chemical  properties  <if  the  two  kinds  of  solutions.  These  will  be  cft- 
senttilly  the  *ame  for  a  given  substance,  whether  it  be  in  the  colloid  or  crystalloid  state. 

Sire  of  Puticlefi. — ^This  determines  the  character  of  the  solution.  If  the  parliclei 
are  lariccr  llian  o.t»  (it .  visible  with  Tbc  ordinary  microscope),  the  mixture  is  a  suspen- 
sion (ifthe  particles  are  solid),  or  an  emulsion  (if  liquid).  These  mixtures  arc  separated 
more  or  leM  rapidly  by  gravity.  When  the  diameter  falls  below  o.i^  sedimentation 
do«s  not  occur,  and  the  solution  assumes  colloid  characlen.  This  holds  down  to  o.ooiu, 
i.e.  somewhat  below  the  limits  of  the  ultrnmicrowope  (0.00411).  Bdow  this  limit, 
the  characters  are  those  of  a  true  solution.  It  is  helieved  that  moleculea  arc  but  little 
smaUcr  than  this  limit  {sugar,  o.ooo7>i;  NaCI,  0.00037)1). 

Properties  of  Colloids. — ^Each  aggregate  behaves  like  a  single  molecule, 
90  that  the  molecular  concentration  of  colloid  solutions  is  relatively  low. 
Colloids  therefore  have  little  influence  on  ibe  osmotic  pressure,  or  boiling- 
or  (recxing-point.  One  of  the  most  distinctive  properties  of  colloid  solu- 
tions is  their  imbiAUy.  which  ma>'  be  perceived  directly,  or  only  by  the 
T>'ndall  phenotnenon  (vik-,  a  beam  of  light  becomes  visible  when  passed 
through  a  colloid  solution).  The  colloids  do  not  dialyze  through  parch- 
ment or  similar  membranes.  Diffusion  Ibruugb  the  solvent  is  also  very 
slow  or  practically  absent. 

The  electric  properties  arc  characteristic:  Colloids  are  usually  elec- 
trically charged,  the  quantity  and  sign  of  the  charge  being  variable  at 
will.  This  is  very  different  from  ions,  whose  charge  is  fixed  in  character 
and  quantity.  The  important  stirfarr  iiclinnx  will  be  discussed  later. 
The  colloids  easily  undergo  further  aggri^galion  to  larger  particles,  i.e., 
coaguiation.  Colloid  solutjons  are  often  iiormanently  changed  by  tem- 
porary physical  conditions,  such  as  boiling,  freezing  or  keeping  (hyslrresis). 

Suspension  and  Emulsion  Colloids. — (Colloid  solutions  again  fall  into 
two  classes:  the  suspension  colloids,  in  which  the  particles  behave  as 
solids;  and  the  emulsion  colloids,  in  which  they  behave  as  fluids.    The 
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difference  is  probably  aac  of  affinity  (or  the  solx'ent.  Th«  cinvlsillit 
loids  are  hydruphilic,  i.t.,  they  scvm  to  attract  the  solvent  into  tJle^p^ 
gates  which  arc  thereby  more  or  less  liquefied;  the  su&pensioD  ag|np"* 
arc  hydrophobic,  i,e.,  Ihcy  do  not  lake  up  wAter,  and  therefore  icaui 
discreet  and  solid.  The  emulsoids  approach  more  nearly  to  true  sohtitK 
and  may  iometimes  consiiit  o(  discreet  but  very  large  molecule*.  TIkt 
are  t>-pi6cd  by  gelatin  and  other  soluble  proteins  and  arc  tbcreforet^t 
special  bioloj^c  importance.  Silicic  acid  also  behaves  as  an  eonAKid. 
The  colloid  melals  and  sutphids,  Congo  red,  etc.,  arc  suspensciifc.  T^ 
emulsoids  form  viscid  solutions  or  jellies,  lower  the  surface  tension,  tad  D* 
coagulated  only  by  large  quantities  of  electrolyte*.  The  lutpaifii' 
arc  not  viscid,  have  little  effect  on  surface  tension,  and  are  easHy  pttdfo- 
lated  by  trace.*  of  cleclrnlyle*. 

Penotneiice  o<  SiupCDtioni.— It  it  n  familiar  phcnomeiuia  (f.i.,  in  tbc  on  •!  ■< 
or  nicrcur>-)  thnt  imoll  paiiirin  suspended  in  n  li(|ai<)  lend  lo  COMMCC  by  MrfutlKK' 
tion,  lf>  form  lirt(«r  pntticlct.  Tile  raolpculur  paxlcln  in  coUald  tollMioai  pMKM^ 
Mmc  tcnil«iicy,  us  is  sliown  by  ihe  rcadincM  with  wluch  they  may  be  pfte^*** 
Ttiey  arc  only  kept  apart  by  (heir  molecular  motion,  and  by  thcii  electric  cbw;^  1> 
more  the  motion  is  inrroscd  (e-i,,  hv  iMHiuinn  Iht  qitatUtly  of  lo^nsf.  v  hf  ''"^?' 
UmperMiirr  vitlijn  tin.'  limili  which  do  not  produce  cneniic  chaoges)  ihe  ^rcUtt  *3k 
the  Icndmcy  uf  ihe  nggrcgjtci  to  By  apart,  and  to  fiXRi  timallcr  a«rtf ale*.  It  u  1^ 
conceivable  that  this  motion  and  scpitratina  are  really  ilatru  fHuntmtita.  WtlW" 
■  hat  Ihe  colloid  [laTlicles  mav  be  charsed  with  electricity,  cilber  |Mulivc  or  UHJ^ 
Since  all  Ihc  particles  in  a  Mifution  ore  chorKcd  with  electricity  of  ihc  wune iip  l''*^ 
•ay  with  ncaativc  rlcriricity,  wncc  this  is  ttc  CM«  with  roost  piotoplMtn),  »<y  "^ 
<ach  other.  {uM  m  do  the  Kold  Itavts  of  so  dectroM<^-  Any  incrtuc  M  tklbft* 
(newlive  in  our  exiunuk-)  incccoie*  thii  repubia«i,  and  consequently  diminiikH  lk<'* 
ot  the  agercgatct  and  tbe  vixcidily  of  the  *oluiion.  If,  on  the  oibtr  hand,  *  W 
antount  ih  elect ridty  of  Ihc  op|)UMte  tiiKn  (positive)  Is  lalroducicd,  some  u(  ibe(l<u|* 
canM  by  the  panictu  are  neutralixod  and  they  tend  to  coaloce.  If  ibu  (puO"' 
electiidty  i>  Incrcued  beyond  ilie  pmnt  when  all  the  oKflaal  (Qcoalivc)  cufO  '^ 
neultaliaed,  the  partlclta  *riU  become  diaifed  with  positive  dectncity.  and  w^V 
apart.  Those  modilicalians  may  be  produced  by  the  pasMge  of  an  etcctiic  W^ 
and  alto,  by  the  electric  diafgd  ot  tnc  iona  (tee  n«xt  chnpier)  of  tiecirolyte*.  •■ 
Utter  (salts,  &clds,  and  bases)  may  therefore  influence  tlie  klate  of  agXTM^i^**?^ 
loid»  by  withdrairinjt!  water  and  by  altering  the  electric  charge*.  There  i«  jrrt  •■'SJI 
way  in  which  the  sialc  of  ageresalion  may  be  variod,  vit.,  by  ikemU  »'*\J[T 
Introduces  at  once  profouod  cnanges  in  the  slntc  of  atEKrei't'O*),  aixl  to  t^  '''"'^ 
condition. 

AH  ihcwcbanGci  vrhich  weliavejtut  dcKribcdforcoUmdMlutionx  auybt«t>'™ 
in  firjiif  <fUt:  Withdrawal  of  water,  lowcrbia;  of  temperature,  decrcaat  ol  tbt  d>r<2 
chantc.  and  cerlain  chcmic  chaactai  render  inc  oroii^asm  more  viidd,  f*n*^^ 
finuiular.  and  diminish  its  motility.  Areversalot  these  conditiom  leads  to  tM^ff**^ 
cfioctv 

Pr«d»Utiott  of  Suapenalon  CoUoida  by  ElectrolytM.— Since  surwiimUs  h«'*_g 
affinity  lor  ihe  wlvenl.  liicy  nrc  virrj'  rivilily  [>recipltal(d  wben  theu  ehcukctiV 
are  remm-c^l.  Thin  occurn  moii  ciuily  when  their  electric  diarpe  is  alitadf  M*^ 
i.r.,  when  thev  approach  the  "iinelectric  point."  Minute  tncctflfeiectldylM*"''^ 
sufficient.  Tile  tirKlpltation  uf  pusltivdy  chanted  colloids  depewls  mMBly  <■  J^ 
anions,  that  of  Ine  nMalive  on  tlie  catboni  {Hardy'»  Law);  the  other  torn  t*^!? 
practically  no  pan.  The  precipitant  power  of  the  ion»  ii  a  function  of  their  ^<^ 
(Schulae,  (88j  and  1884),  since  this  dclcnnines  their  rlcclrir  activity.  ll»»tWT**' 
of  the  same  valence  are  not  equally  active.  Commonly  there  are  also  chcmk  ci*^ 
so  IhM  thf  iirecipiintion  U  Rencrnlly  i^re^■crwblc.  _jj. 

Precipitation  of  Hydrophilic  Colloid*  by  Bl^ctrolytes.— These,  like  iIm  iimv"*'* 
art  ptaipilatecl  only  by  tiitlrolytca,  not  by  non^clcctrulywd  crystaBolda  P*jr 
dpitation  of  protein*  by  alcohol  it  due  simply  to  insidiibilitjr).  Ttie  pfocns.  "'Tf^ 
is  prabably  otiite  diSorcnl.  Witii  the  emulsoida,  mioch  hwber  coDecniniicH  *[*'' 
»dts  are  rtijuirtd;  the  precipitation  i*  Kenerally  rimsible:  the  decirvlytes  may  iw>>^ 
solvcnl  ociions,  the  end  result  being  the  algebraic  )um  of  the  acUeoa  ul  the  oiv"^ 
ardoa  (PauU,  1905  and  1908). 
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Lyotroplc  Series.— The  various  ions  form  a.  regular  scries  ("lyouopic 
scries"),  which  is  reproduced  in  many  differeni  phcnon»ena.  The  anion 
ser.es  runs  SCN.  I  <  CIO,  <  NOj,  Br  <  Q  <  CH»-  COO  <  SO.,  PO.  < 
tartrate  <  citrate. 

With  (neg-itive)  proteins,  lecithin,  etc.,  the  left  side  of  this  «ries  is 
solvent,  the  right  side  precipitant.  They  have  a  similar  influence  on 
heat-coagulation  temperature;  on  the  solubility  of  globulins;  on  the  solu- 
bility of  gases,  alcohols,  etc.;  on  the  viscidity  and  surface  tension  oi  water; 
on  the  saponification  of  esters,  etc.  It  has  been  suggested  that  all  these 
phenomena  can  he  explained  by  the  progressive  affinity  of  these  salts  for 
water,  thus  competing,  e.g.,  with  the  emulsion  colloids." 

The  •ili4i!i  riilkwni  vm  rauch  Ions  itn[K>rtant.  Their  series  run«  t*ther  iTtegul«riy; 
generally  Mg<N'IU<K<Na<U  CU  being  most  preclpitiint).  If  tlieelectri<ch«ree 
of  the  colloid  19  reversed,/./.,  by  ncjiis,  then  the  anion  and  calhion  »*rie«  arc  «ls<i 
reversed. 

The  tarthy  metals  (Ca,  etc.)  form  irreversible  precipitates.     They  »Uo  revtn*  the  , 
charge  ind  therefore  the  cHccts  of  the  anion   scncs  (Mg  acts  like  the  »lkiJi  tneuU). 
The  tenilency  lo  irrtvcrsibic  preciplialion  is  very  much  greater  with  m'taUk  lalli. 

lUecttic  CondUion  of  Froleins.—Tlic  acnino-acid  character  of  prolHns  render*  them 
amnhulcric  elcctroljloi.  In  which  the  acid  character  pri^iliimlnfttrs.  TTiey  »re  generally 
pcoilivcly  chacKcd  in  acid  jwlutlons,  negatively  in  alkaline.  If  they  -ire  bmught  In 
the  isotlcctric  point  (H-ion  coneentraiion  about  3  X  io~')  all  iwagulalion  re«ctio*» 
rcnch  their  maximum,  and  the  viscidity  is  \uwest  (Pnuli.  1913). 

The  colloids  of  ihe  living  cytoplasm  are  predominantly  dMrlro-ncgalivu;  betnocUiB 
U  poiitive,     Sctum  proteins  are  always  posi  Lively    charged   in  alkaline  and 
at  well  ai  in  ncid  soliilions  (Held  and  Teague,   1007). 

ProttinAon  Ci'mfioiinds. —  It  must  not  be  forgotten  that  proltinn  ari'»l»c«.         ^   , 
ordinary  chtmic  reactions  and  cttmbinalions.      They  may  form  romplci  '*''t"*.^3' 
with  acid*  and  alkalies.  Iiui  also  with  neutral  salts;  /.i.,  with  chlond  ions  '.Ornf  tad 
Pauli.  rjijl. 

Mutual  Precipitation  of  Colloids. — -Colloids  of  opposite  clcctrk  cbuKc  1 
each  other  bv  ncut  roll ;:nt ion.     Kmulsirids    may   also  be  ptceipilaled  by  |" 
irrapectlvc  of  the  cliarMe,  iicrhaps  by  an  ndsorpiion  process.    On  the  atlN>l 
of   the  hydrophilic  colloid  prevents   precipitation,   and  protects 
preeipitation  by  other  substances.      Itis  conceivable,  in  intaeox.^^ 
cnvelaps  the  iuspensoid  particles,  and  thus  c-onfcrs  on  them  hydro^MCJ 

Animporlanl  illust ration  oi  ihi*  phenomenon  is  the  inhibitory  »ctw  ^.  _ 
precipitaiion  of  unites,  calcium  salts,  etc.       Colloids  also  modiiy  the  «!■*»*• 
Ifolvles  (Pauli  and  Sanieo.  hjoq). 

Electrolytes  on  Osmotic  IVessure   of    CoUwis.— Aad»  and     ^ 
osmotic  pressure,  salts  generally  cau»e  a  dccTcase.  while  noo-«k<tiuijka  ^1 
(R.  S.  Liliie.  1907). 

Gels.— Solutions  of  hydrophilic  colloids,  whcnvey^^- 
or  "gels,"  such  as  gelatin,  agar  or  protoplasm.    Tne  hipi 
that  there  is  but  little  solvent  between  the  partides; 
particles  are  naturally  large,  or  have  swollen  by 
or  because  the  amount  of  solvent  is  relatively  txata. 
any  of  these  wavs. 

The  Eel  resemble*  a  solid  in  prescrvinB  its  form.  whaitii^^Ni 
Buencie*.     But  it  nlso  resembles  fluids  in  bc-ing  readily  aa^ 
tn  permittinn  Ihe  penetration  of   water,   and  the  diOMMCt 
penelrale  il  almost  as  rapidly  as  they  would  "it«-    ' 
it»  interior  very  much  as  ihey  would  in  water,     vaat 
through  a  gti. 

In  fact,  gels  retain  all  the  charactci»  «*  i 
influenced  in  the  same  way  by  salts;  a*flBe«.,**-i 

linbi'bition.— Plates  of  gelatin  (e™^!* 
when  laid  in  water  or  watery  soluUon*,  i^Wim 
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and  dissolved  subetaocc,  and  thus  swell.  The  water  is  attracted  i 
taincd  with  conuderable  force,  according  to  the  at&nity  of  ihetaulHill 
for  water.  Tlii&  mvchanii^m  is  impiirtant  in  the  regulation  of  Uelud 
content  of  the  cells  and  tissues.  The  colloid  must  compete  forllunur 
with  the  other  dissolved  substances.  The  imt>ibition  is  tlKTcfon  ia- 
fiuenced  by  the  anion  scries,  in  the  usual  order;  iodid  to  chlorid  '010004, 
acctiite  to  sulphate  decreasing  the  imbitntion  (Hofinei»ter.  1S91).  Tit 
cathions  have  relatively  little  cBcct.  OH  and  still  more  H  ioos^itilr 
increase  imbibition  (Spiro,  1904;  Ostwald,  1905). 

The  jwelUng  of  gcUlJii  i*  bIm  influenced  by  noa-electiolyteft,  bting  dMKW'  tf 
tagan  and  clyccnn,  and  incn»M<I  by  alcohol  and  specially  am  (Panli  ud  ItM>,iW- 
In  mixtures,  llie  swi'IUd);  i-urmpundi  tu  [bi-  simplr  nlnrbr^  lum  of  the  tSfeWti* 
constitucnU.  £ntitcl>-  aniloeoui  rcsulu  arc  produced  on  ibr  cOMUlabllilr  tlt^ 
Miutions;  tbU  bclog  incruncd  by  rhc  »ub«Unc«s  irbich  kwcti  (weUfai^  Md  HH  MM 
(P.uH.  igo7)- 

In  agar  jellies,  the  phenomena  are  exactly  reversicd,     Aocofdii(  to 
Ehrenberg,  1Q13,  the  lyotropic  series  is  rcvctsnl  (or  gelatin  wbeolhetw-^ 
ceotnition  of  the  salts  is  low  (A<o.5). 

Diitribution  ci  Salts  in  Imbibltieai. — The  geUtin  alw  UL 

tneiMcr    founil  ihnt   il»-  <iu!iinity   ukcn  up  incrcUM  with  tW _^, 

solution,  10  &  cctliiiri  timir  whkh  U  mcbeO  late  with  the  lodid  eftd  of  IhciiAii' 
eu\y  with  the  xulphiic  group.  Tht*  influence!  the  imbibition,  lat  cnotwbvttRV^ 
then  be  taken  up  to  rcnili-i  the  mU  isotonic;  and  thi*  would  be  arenicr  (of  ibcbcftv*!^ 
tity  of  iodid  ihiui  for  the  Mnall  (|uanUiy  of  sulphate  which  the  scUiin  bai  laM*"' 

Surface  Phenomena. — Surfaces--thc  planes  of  *epara lion  of  lBopl>** 
— give  rise  to  vcrj-  important  phenomena,  such  as  surface  tcMwa  •» 
adsorption.  Thette  are  e^ijecially  prominent  in  colloids  and  thertlaniB 
protoplasm,  the  particles  of  which  give  rise  to  very  extensive  vaada* 
(A.  U.  Maoallum,  1913  and  1913). 

Surface  Tension. — This  is  manifested  in  the  tendency  of  Uqni^  i" 
assume  a  spherical  form,  so  as  to  present  the  smallest  posdblc  uiift* 
It  may  be  explained  by  the  mutual  attraction  of  the  molecule*  {eliBuW 
at  to,ooo  to  15,000  atmospheres).  The  molecules  in  the  inieTiotofl* 
fluid  are  attracted  equally  by  the  molecules  ou  all  sides;  but  at  thewraj^ 
the  attraction  of  the  molctulcs  from  within  is  not  Iwlanoed  by  any*!*" 
cules  outward.  Consequently,  the  surface  molecules  are  subjccl(|l "  * 
strong  pull  from  the  interior,  constituting  tite  surface  tension  (Sep", 

<7S').  ^ 

The  degree  of  this  force  depends  on  the  nature  of  the  fluid,  on  >* 
temperature,  and  on  electric  forces:  Heat  and  electric  charfcs  d«**' 
the  surface  tension,  because  they  increase  the  distance  oetvt«ii  I** 
molecules  and  therefore  diminisJi  the  molecular  attraction  (by  thrf"''^ 
power  of  the  distance).  Surface  tension  may  also  Ik:  resisted  by  li'Jj' 
traction  of  the  second  phase  f  the  air,  class,  etc.)  on  the  surface  "'"''''t 
of  the  liquid.  Surface  tension  may  oe  measured  by  the  rise  o'  '*f^ 
[ary  surfaces,  or  by  the  niunber  of  drops  delivered  from  a  giveB  no** 
(stalagmometer). 

Biolopf.  Impartance  of  Surface  Tension.— This,  is  concerned  to  tbetWf 
and  size  of  the  cells;  in  the  consumption  or  liberation  of  enei^  ''*Ij 
change  in  surface  tenj.ion  implies  a  corresponding  change  in  enerp')- "^ 
in  the  distribution  of  solutes.  Only  the  last  need  be  considered  brffv^ 
Solutes  on  Sufjatf  Tension. — Dissolved  substances  ^nerally  ""^^ 
the  molecular  attraction  and  therefore  the  surface  teninon.    In  ^^"^ 
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solutions,  inorganic  substances  generally  increase,  organic  generally 
diminish  the  surface  Icnaion;  but  there  is  no  simple  general  law,  and  the 
effect  is  not  simply  proportional  to  the  concentration. 

Distribution  of  Solutes  on  Surfaces. — Solutes  which  alter  surface  tension 
are  not  distributed  equally  through  the  fluid,  but  in  such  a  way  that  sub- 
stances which  lower  surface  tension  are  more  concentrated  on  the  surface 
(positive  adsorption)  and  vice  vena;  i.e.,  the  solute  goes  lo  the  point  where 
the  tension  is  lowered.  This  is  explained  by  the  Gibbs  (i87S)-Thomp- 
son  (1886)  principle  (the  concentration  throughout  a  fluid  sj-stem  tends 
to  be  so  adjusted  iis  to  reduce  iJie  energy  at  every  point  to  the  minimum), 

Distributioii  of  Salts  in  Cells. — Whenever  the  surface  tension  is  re- 
lAlCed,  the  solutes  will  be  concentrated  at  the  surface,  irrespective  of  their 
tfisthbutioQ  under  ordinary  conditions.  Accordingly,  the  distribution 
and  transportation  of  substances  in  cells  may  be  controlled  by  changes 
in  their  surface  tension.  Macallum  has  shown  this  to  be  true  for  K  and  Ci, 
and  probably  for  other  ions;  and  has  pointed  out  the  important  part  which 
this  may  play  in  the  mechanism  of  secretion  and  absorption;  ameboid 
and  muscular  movements;  nerve  impulse,  n&rcosis,  etc. 

SolutiOD-Affioil; ;  "Hkft-drudi." — The  surface  cundcn^tion  is  ptoportionat  lo  tbc 
lowering  of  surface  tension.  A  substance  that  lowers  suriacc  tcnsian  therefore  passes 
more  readily  out  i>[  The  Miliition  and  into  the  surface.  In  the  phr^i^'ulogy  uf  Truubr, 
such  n  subslnnce  has  a  low  Mlulion-alluiity  or  "Haft-druck."  He  believes  thatthi* 
fav-nr^  the  penetration  of  the  substance  into  cells  or  through  membranes,  and  that  it  is 
«Q  MMDtial  f  net  or  in  narcosis  and  osmosis. 

Adsorption.*-The  concentration  of  solutes  on  surfaces  is  Illustrated  by 
the  adsorption  of  dissolved  substances  by  powders;  /.i.,  by  the  decoloriza- 
tion  of  potassium  permanganate  by  Altering  through  sand;  the  adsorption 
of  colors  or  alkaloids  by  charcoal,  etc.  This  adsorption  is  a  very  rapid 
process. 

Sugars  arc  not  adsorbed  because  they  have  relatively  little  eflect  on  surface  tension. 
These  aiiflorptions  arc  reversible;  i'.«.,lheadsorbci  substance  may  be  removed  by  the 
addition  of  another  Milule  wliieh  lovers  surface  tension  more  powetfully.  It  several 
tubtlances  are  pri^cnl  toKether,  each  is  adsorbctl  less  than  if  il  is  ndsnibed  alone. 
Stlta  nunr  have  a  marked  influence,/.).,  diphtheria  loiin  in  pure  soliiiion  '\i  scarcely 
adtorbea  by  bone-black,  but  is  pencctly  adsorbed  from  normal  saline  or  Kinder'* 
solution  (JaccMj*  and  Zuni,  190^). 

Catalytic  Actions. — .\dsoiption,  by  bringing  the  dissolved  molecules  Into  closer 
contact,  facilitate*  chcmic  reactions.  Accordingly,  suspension  colloids  with  their  large 
surfaces  generally  act  as  catalyzers.  The  applicailun  of  adsurptiun  lo  ferment  action 
la  dJKUHKil  by  liaylis^  1915.  in  his  paper  on  "Phase  Boundaries." 

Masubruie  Forrnatlon. — If  the  adsorbed  substance  increases  viscidity,  its  concen- 
tntion  on  tlie  surface  may  produce  resistant  membranes,  such  asctccurin  the  shaking  of 
proteins,  laponins,  foaps,  many  dyes,  etc.  The  admrplion  o/cnKotif)  also  prcscnii  some 
othCT  peculiarities;/.!,, it  iigenerallyirreversiblejcryslalloidsdo  not  displace  each  other; 
and  the  adiorplion  is  not  proportional  lo  the  concentration,  as  it  is  with  cryiilalloids. 
Saltn  may  ha^c  a  marked  iniluence, /.!..  diphtheria  loiin  in  pure  solution  is  scarcely 
•djorticd  liy  bonr-lilai  k,  but  is  perfectly  adsorbed  from  normal  saline  or  Riagcr's 
solution  (Jacmn;'  iind  Zuii/,  1009). 

The  I^ysical  Status  of  Emulsions. — Emulsions  conwst  of  fine  and  permanent 
suspensions  of  one  liijuid  in  another;  immiscible  liquid;/,!,  oil  in  water,  or  vice  vers*. 
S^urface  icnsioo  tends  to  make  immisi.ibtc  liquids  separate.  This  leadency  may  be 
ovcrcnmc  by  lowering  ihesurface  tenyon  of  the  dispersini,'  medium  (a* by  saponin  or  loop) 
or  liy  increasing  its  viscosity,  and  by  adsorbing  the  water  by  hydrophilic  colloids  (as 
inu  or  proteins).  Emulsi&cation  by  colloids,  is  destroyed  If  an  excesi  of  water  is 
,  or  if  the  affinity  of  the  colloid  for  (alts  is  diminished.  (Fischer  and  Hooker, 
Room,  lOf'i). 

The  water-toluble  alkali  soaps  secure  the  suspension  of  lipoids  in  water,  whilst 
Ibe  oil-soluble  calcium  soaps  change  the  pliases  so  as  to  suspend  tbc  water  in  the  oil. 
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Witli  the  alluili-soaps,  dropleb;  oT  ail  arc  sufpendcd  tn  *  oOBtliuioat  mUti  d  «iU(j 
with  fftldum  wapii,  dropteU  of  uatrrnicguspraded  in  a  m&liu  of  oiL  Tlitritoo" 
iiudium  or  calcium  ioiu  thcrvfor«  clian^n  tht  phue  ot  ka  ctBulaton.  Il  iba  <b("^ 
induenccs  the  permeability ;  ihr  rilcct*  of  clectralytat  oo  the  pennnblBlyivt  Mf'''^ 
bdng  limilw  to  their  effects  on  llie  p^nxiabillljr  of  living  cells  (CIovm,  t^u  ID  >9^ 
Most  prolopliLim  contains  cmuliiaiu.  Fitchrx  luoki  u^ioi)  falty  iWftoMiiio  ** 
due  Urxely  tu  the  breaking  u|>of  these cmulMooi by  ilinunuhcd  walct-afiut) t£U* 
cell  colloids. 

OSMOSIS 

Osmotic  Phenomena  of  Crystalloids.— Thes«  l)dong  to  UKmoRio- 
porunt  eJTects  of  iIil-  bio-c  hemic  ally  inactive  ^alls  and  other  aymlloU*. 
and  of  water.  They  occur  whvm-vcr  two  solutions  of  dllTefent  (inol«ilar) 
concenlraiion  are  separated  by  a  ("semipfrmfabie")  mcmbraoc  tlut  per- 
mits the  passage  of  the  soK-cnt,  but  which  iiiierposes  an  obstacle  (oUir 
free  diffusion  of  the  solute.  Dissolved  molwrulcs  always  tend  lo  dbuibiil* 
thcmiKlve»  ecjually  throughout  a  solvent.  If  ihdr  passage  k  biadrrcd 
by  a  membrane,  the  equality  can  only  be  obtained  by  theptasagc('tbr 
solvent  from  the  more  dilute  lo  the  more  concentrated  solutica.  Tk 
more  concentrated  solution  therefore  tends  to  increase  in  voliiax-  " 
this  increase  is  prevented  (e.g..  if  the  solutioit  is  inclosed  by  rjrid  wJb). 
a  certain  '^esmolir  pressurt"  i»  developed.  The  phenomenon  isHJoKiilrf 
by  the  familiar  "egg"  experiment;  by  the  swelling  of  red  blood  oJ **'* 
cells  in  water;  and  conversely,  by  the  shrinking  <5  plant  celUrandcR*' 
lion  of  red  corpuscles  in  strong  salt  solutions. 

EcK  Experimcal.— Thr  ihcU  \i  rrmovcd  from  the  bnMiI  pole  of  aa  en  bu  aU^ 
breaking  Ilic  inner  "ikin."  The  narrow  pole  U  then  plCT«d  throunb  tfe  d"  ^j** 
needle,  anil  over  IhU  hnic  a  long  narrow  glau  tube  a  ccnxnicti  with  lealing  mt.   Vi* 


The  content*  of  the  cgscontain  salts,  nod  Iberdore  fc*v«  a  fcip* 
molerukr  concent  ration  than  the  water.    Tbc  "ikin"oif  tbecggoictaai  afMitij** 


liic  prepared  eRjj;  is  fct  in  a  j;las»  of  water,  the  lluid  rises  slowly  in  lh«  labelOi/*^ 
'  ■      ble      ■  '  ■  ■   ■  ..... 

jkr 
permeable  membrane. 

Osmotic  Pressure  and  Molecular  ConcentratioQ. — If  the  mcinln* 
is  '"slriclly  semipermeable" — i.t.,  freely  permeable  to  the  solvtnl.  I* 
absolutely  impermeabk-  to  the  solute — then  the  amount  of  the  ojaKW 
pressure  is  strictly  proportional  to  the  difference  in  the  molecular  M"*" 
trarion  of  the  two  liquids,  independenl  of  ihe  nature  of  ihe  miJcnl* 
The  stronger  solution  is  said  to  be  hypertonic,  the  weaker  hyftttrnt-  " 
the  solutions  on  the  two  sides  arce(|uimolecular,i.f.,  have  the  sarataMlK>- 
lar  concentration,  there  will  be  no  tendency  lo  movement  of  ihr  «!><*' 
and  therefore  no  pressure;  or  more  accurately,  nodiffcrenceio  thcpn*""' 
The  two  solutionis  will  be  tiohmc. 

Strictly  and  Partly  Semipermeable  Membraoes.— Only  coOcMh 
organic  or  inorganic,  can  form  semipermeable  membranes  (Morst;  MaC^ 
1915).  The  envelope  or  boundary  layer  of  all  ccll*^ — and  lOiWd  ^ 
interior  cytoplasm  (Kile,  rgr.i) — offers  more  or  less  obstacle  to  ibe  («*'<' 
of  solutes,  and  is  therefore  more  or  less  )te  mi  permeable.  Mwl"*** 
produced  arlitidally  by  precipitating  fetrocyanid  of  oopper  ia  the  P*** 
of  an  unglazed  porcelain  cuji  are  almost  ideally  semipermeabtc  WB*"! 
(Traube,  1S67).  They  are,  however,  permeable  to  NaCI  and  KCL  T** 
envelopes  of  certain  %'ej^tal>le  and  animal  cells, /.i.,  the  red  \AmA^' 
pusclc»,  also  approach  fairly  closely  to  the  definition.  Most  cdBs>ki<^ 
ever,  and  dialydng  membranes  in  genera),  are  not  absitlulfty  in)pcm<*^ 
to  the  solutes,  but  offer  only  a  partial  obstacle  ("parity  ^'^f'^'^L 
membraiKs");  so  that  the  solutes  pass  the  membranes,  but  morr***'' 
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docs  the  solvent.  In  this  case,  the  conci;iitraiion  is  equalised  partly 
by  the  passage  of  the  solute,  and  to  a  correspondingly  smaller  degree  by  the 
[, passage  of  the  solvent;  so  that  the  osmotic  pressure  is  correspondingly  less 
than  with  strictly  semipermeable  membranes. 

Differences  in  Permeability  of  Solutes. — Semipermeable  membranes 
are  not  usually  equally  impermeable  to  all  solutes,  but  permit  some  to 
pass  rapidly,  others  more  slowly.  This  will  establish  differences  in  osmotic 
pressure,  because  the  dialyzablc  substance  will  pass  across  to  the  non- 
dialyzable.  Non-dialyzablc  solutes  are  therefore  hypertonic  to  those 
which  are  easily  dialyzable.  It  is  Important  to  note  that  the  passage  of 
the  fluid  and  the  osmotic  pressure  are  governed  not  only  by  the  molecular 
concentration,  but  also  by  the  permeability  of  ihc  membrane  to  dilTerent 
substances. 

Empiric  Laws  of  Osmosis.— For  convenience,  the  data  which  have  been 
discussed  in  the  preceding  paragraphs  may  be  summed  up  in  the  form  of 
laws: 

I.  Solutions  separated  by  a  membrane  permeable  to  water  lend  to 
have  an  identical  molecular  composition,  both  in  number  and  kind  of 
molecules. 

1.  If  the  membrane  is  perfectly  ijermcable  to  both  solvent  and  dis- 
solved substance,  the  exchange  of  molecules  will  take  place  without 
change  in  jiressure  or  volume. 

3,  If  the  membrane  Is  less  permeable  to  the  dissolved  substance  than 
to  the  solvent,  an  increase  of  liquid,  or  increase  of  pressure  will  occur  in  the 
Stronger  solution. 

4.  If  a  membrane  is  differently  permeable  to  one  di.isolved  substance 
than  to  another,  equimolecular  solutions  of  the  less  di0usible  substance 
will  be  h>T>erisotonic  to  the  more  diffusible. 

Nature  of  Osmosis.— Several  theories  are  current  tor  the  explanation 
of  osmotic  pressure.  The  most  important  are  the  kinetic  motion  theory 
of  Van't  Hoff;  the  solution-affinity  tbeorj'  of  Kahlcnberg;  the  hydration 
theor>'  of  Morse;  and  the  surface-tension  theory  of  Traubc.  None  of 
these  theories  is  conclusively  proven  to  the  exclusion  of  the  others.  It 
is  conceivable  that  all  these  processes  arc  concerned  in  Ihc  passage  of  the 
solution:  but  that  the  actual  pre.ssure  is  caused  by  the  motion  of  the  mole- 
cules, as  formulated  by  Van't  Hoff. 

Vant  Hoffs  Theory  of  Osmotic  Pressure.— This  is  the  theory  which 
has  found  tlie  widest  acceptance  among  physicists.  From  the  observa- 
tions of  osmotic  pressure  by  means  of  Pfeflfer's  ferrocyanid  of  copper  cell, 
Van't  Hoff  (1885  and  1887)  arrived  at  the  conclusion  that  the  phenomena 
of  osmotic  pressure  are  governed  by  the  same  laws  as  the  pressure  of  gases, 
quantitatively  as  well  as  qualitatively.  This  would  imply,  that  the 
pressure  in  both  cases  is  produced  by  the  same  cause,  namely,  the  kinetic 
motion  of  the  molecules  bombarding  the  walls  of  the  container.  Dis- 
solved molecule*  would  behave  precisely  like  gaseous  molecules.  The 
membrane  would  play  a  purely  passive  part;  being  important  only  by 
niakin^  the  kinetic  motion  manifest  to  the  senses. 

According  to  the  Van't  Iloff  thtMiry,  iho  molecules  of  both  solvent  and  solute  are 
in  conttnnt  motion,  ntovirut  wllli  ihe  miai:  L'licrKy  ni  if  tlicy  wrrc  in  tlie  form  of  a  gat. 
Ev<*y  mvlccuJc.  by  slrikinc  nji;ainst  tlic  walls  of  iIlo  cu.ilaiiicr.  i>r  aK.iinsl  other  mole- 
cule*, cxccli  a  certain  prcsiiire.  which  is  prcciacly  the  'uimc  whether  the  substance  is  in 
the  form  of  a  aaa  or  ol  u  sululiun.  tf  the  '^ume  number  u(  molecules  per  cubic  snoce 
«:XBt  in  two  MUltions  sepunteU  bv  a  seimiierme;iblc  mumbtaiie,  tlie  ixcsiurc  will  be 
40 
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eq<ul  on  «tch  ddc  of  ihc  mcmbronc.  Thr  nniurc  of  chc  atolecule*  it  iBiBMctUSi 
B«  long  its  [li«>'  uU  peaetratL-  Lhruu^h  thr  incmbriino  wiUi  cauaJ  rtadUeu.  II  •£  ^ 
molecule*  cnn  piis»  Ibrough  the  mcmliranc,  an  exchange  trill  take  pUcc;  btU  ilto  » 
■nan}'  po^a  lu  uoe  aide  u  to  the  oihci,  tUrrc  will  bi-  no  <liffer«ii:e  la  the  pnauKiilkt 
taro  MimpkrtRicntK.  If,  on  thtr  allici  hnnd,  ihc  niolrculcs  on  Ihc  ooe  (idc  eu  (M 
Utraugh  retuUly,  whlletomeof  thcmolccule^on  lhrolh('r*l(l«areai>t<»DaUta(ttHH 
tbraughlhemembrBne.  tlien  tbcprsaurein  the  I wu  compartinepta  wUl  btOMM  aWjUt 

In  an  oiimotic  ixW,  the  non-diflusiblc  molecules  will  all  tebmisd  (no 
the  membrane,  and  so  remain  conAned  to  their  own  side.  Tlie  iMinMr 
molecules  will,  like  fjases,  lend  lo  puss  through,  irrespective  of  tliectba 
molecules,  until  they  exist  id  equal  concentration  on  each  side,  t.^,,  and 
the  partial  prmure  a/  i-ocA  kind  of  moUaiit  is  Ihc  same  oh  birlh  tida. 

U  a  wlution  oouiitinK  of  s  nolcculM  of  wit  uid  (y  —  x)  molecules  <4  MM  f 
cubic  tcniimcicf  were  inclosed  in  a  closed  vttatl  and  frqMLiutcd  from  w«tciosuaat 
f  molotrulci  per  cubic  cciiliniftcr  by  u  icmipnmtable  membnnc,  then  mUt  vmU  [•> 
into  the  wlution  uniil  it  nbo  conitincil  y  raolccula  of  water  pet  cubic  cwiriittf 
But  il  would  then  atan  cnnuin  i  ntnlcculn  of  ult.  Its  total  molcculsr  imillHiW* 
per  cubic  centimeter  wouW  thcrelote  be  y  +  jt;.  higher  by  X  liua  ihU  ot  ibe  M* 
oulMiIe  of  tlie  vskI.  The  pressure  tn  the  vooel  would  therefore  be  iactOMdtl ' 
molecules. 

The  process  might  be  represented  as  follow»; 

Partial  Molecular  conceit  I  ra  tlon :  >  ttfilx  salt 

T     .«,      .  ^LJL^^u«d.tol 

Total  Molecular  concc  n  I  ration :  y         \y 

This  excess  of  total   moleciUar  concentration  constitutes  tlie  mWi^ 

Ad  eiprrimem  annlngoutlOosmoHsctUt  be  performed  OB  gai^rsiiirectly. 
I*  permeable  for  II  but  not  (or  N.     Kanuay,  tSg4,  found  that  wbca  a  pulai 
is  mlc<l  u-ith  N,  closed,  and  imwencd  in  on  atmotpherc  of  H,  the  prcMure  ibc*  '„  _ 
the  vcMcl  until  It  exceeds  the  outside  pmsuroby  the  partial  pmsure  of  the  B.  W* 
ever,  tliii  eiperirnent  could  also  be  explained  by  the  other  tbeories.  , 

Application  of  Gas  Laws  to  Osmotic  Pressure. — Vin't  IfofI  doiined  as  chid  wW^ 
of  his  theorj-,  that  the  Oini-nit  [•fc»im<c  obey;.  i|uanlitalively  the  law*  of  |>>  jjl"** 
AsappUcd  toosmolic  pressure,  these  would  read:  Boyle-U-aMtt't  Lav:  ftili  «»"2* 
tcmpcraiuic,  the  osmotic  prcuure  of  a  lolution  ii  prvportianal  to  iu  cnacaiii*''* 
Under  standard  conditions,  a  j[ram- molecule  distributed  over  a  liter  of  tfac*.  *■"* 
JJ.34  aloiosphem  of  prasure.  ^ 

Gav-Luisac'i  Iiiir;  With  equal  concentration,  the  oarootic  presMW  po**  " 
JjjB  lor  t*ch  deicree  C- 

Awi^n't  Law:  With  equal  osmotic  prissurc  and  equal  temper*!  are,  cqutlMW* 
of  soluuons  contain  the  same  numbci  of  diHolvcd  molecules,  and  the  sane  w*^ 
would  be  contained  in  an  cqunl  volurac  of  go*  of  the  nme  tempeiUorc  sad  rW|** 

BjcpKlmeDtal  Bridenca. — The  eiperiniCBlnl  confirmation  ot  thew  bw)  »  *£ 
tunalely   ver>'   incomplete   (KahlenberK),   because  of   the  diAcully  of  ««*"^2 


I  range  of  concenliation  and  temperature.    OuUide  of  tbeie  Unnis  '       _^ 

consldcrBble  discrcpaDdca.  The  numemus  determination*  of  rclnti  ve  woMttt  !■**•• 
which  can  be  <«sUy  made,  an  Inconclusive;  for  while  they  sjiicc  wtlh  ihitjw^* 
th^  alto  harmoniM  with  the  competing  theories.  On  the  other  hand,  KaMM"'T 
uatat  dlScTOt,  but  typically  »cmtp«mcablc  membrtnci,  tinds  that  Ibe  k*>  ''**1! 
not  bold  at  all;  and  that  the  phenomena  can  be  csplalncil  quite  limply  o«  u  mU"' 
(Efferent  U-tiis.  The  evidence  for  the  Van't  Hoff  thcor>-  is  IhcTtfore  iaoooipMiL  . 
AdvonloKos  of  tbt  Van't  Bofl  Th«OCT.— This  is  vrry  aiinietive  in  that  it  wiia''' 
the  ph)-sic8l  phenomena  of  gsjca  and  tolutlons  lo  ■  commoa  buls.  and  tbcnby  f^ 
convenient  and  far-racbiiig  Ihcoretka]  and  practical  dcdncliaiia.    Fat  iaaiain  ~ 
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imiuiaiing  that  osmo(icptcs»ureUdirectly  proportional  to  the  molecular eonfentration, 
II  jutlificii  the  tubstitulion  of  an  ca&y  calculation  for  tbc  very  ditiii.ull  ciutriiiitrntal 
dctermiualioii  of  the  presume.  Sincv  il  assumes  that  tlie  mFmbraae  U  partly  passive, 
it  permkt.  the  cutciJniion  of  osmotic  prcsauti-  in  situations  which  arc  inoccnsible  to 
tlirtcl  experimFnlaliun.  In  a  woriJ.  if  it  is  correct,  it  makes  the  dilBciilt  method  of 
direct  experiment  a  lion  more  or  less  superfluous,  substituting  for  il  an  ca&lly  applied 
formula.  Tliis  would  he  highly  convenient  and  dislrablc — but  before  relying  on  such 
(ktluctioDS,  the  correctness  of  Ui«  lormuln  must  be  more  »curdy  established. 

Kahlenberg's  Theory. — This  has  the  advantage  that  it  furnishes  the 
simplest  txplanatiun  of  the  nature  of  osmoiic  pressure;  and  that  it  is  in 
the  best  accord  with  these  phenomena  as  exhibited  in  living  structures. 
The  theory  refers  osmosis  to  solution-afRnity,  and  may  be  best  understood 
from  an  experiment  made  by  L'Hcrmite  In.  1854. 

L'Hermite's  Eip«rim«al. — j\  layer  of  chloroform  is  poured  into  a  vessel,  then  »  layer 
of  u-Birr,  and  iittally  j,  layer  of  ether.  Even  if  any  itiecbanical  mixing  of  the  strata  is 
carefully  avoidcii.  Il  will  be  found  that  the  clhcr  layer  gradually  diminishes,  until  linolly 
there  are  only  two  luytrs,  the  upjicr  contuiuins  mainly  the  water,  the  lower  the  chloro- 
form and  the  ether.  In  other  words,  the  ether  has  passed  through  the  water  into 
the  chloroform,  just  as  water  posses  through  a  semipermeable  membr.inc  into  a  salt 
«otulion.  The  analog}'  can  be  carried  even  further:  If  a  cork  saturated  with  water  is 
trmly  wedged  between  the  ether  and  chloroform  layers  and  the  chloroform  comparl- 
BicDt  is  connected  wiih  a  manomclcr,  a  very  considerable  pressure  Hill  be  developed. 
Analogous  eipcrimenls  have  been  devised  by  Nomst,  iHijo  (pas-'mgc  of  ether  into  benzol, 
Ibrough  pig's  bladder),  and  by  Ciics,  igi)  (passage  of  ether  into  oil,  through  rubber 
condom). 

It  IK  difficult  10  see  in  what  essential  respect  these  arrAngemenls  differ  from  an 
osmotic  cell.  In  both  cases  two  dissimilar  fluids  arc  separated  by  a  septum.  In  both 
cases,  one  of  the  fluids  passes  into  the  other;  and  if  this  ;s  prevented,  a  pressure  is  pro- 
duced. Id  l.'IIcrmitc's  eiperlntcnC  we  can  easily  see  the  explanation:  Ether  is  soluble 
in  water,  and  therefore  diffuses  inio  the  Istlei;  itb.  however,  much  more  soluble  in  chloro- 
form, and  therefore  the  clhcr  which  is  dissolved  in  ihc  aqueous  layer  lends  lo  ]tnss  into  the 
chloroform.  The  watery  l»yei  ihercfotc  would  lose  some  of  its  ether  to  the  chloroform, 
■od  would  then  take  up  more  from  the  ethereal  layer;  and  Ihis  process  would  continue 
untitjpracticaliy  all  the  ether  bad  passed  into  the  chloroform.  In  other  words,  the  paS' 
Mge  of  the  ether,  and  the  pressure  which  may  Ihua  be  developed,  is  not  due  lo  any  gas 
pressure,  but  simply  to  the  fact  that  ether  has  a  solution-aflinity  for  water,  and  hence 
■MKSCS  into  the  latter;  and  that  it  has  a  stil!  greater  soliition-affmity  for  chloroform  and 
hence  passe?  into  Ihis  frt'in  the  water.  If  we  substitute  the  hypothetical  "icmiper- 
meable"  membrane  for  the  water,  we  may  say  that  "osmoiic  pressure"  measures  not 
tbc  BM  pressure,  but  the  solulion-aflimty  of  the  solvent  for  the  solute,  less  the  affinity 
for  llic  membrane. 

There  Is  one  further  compticationi  for,  since  the  chloroform  is  also  somewhat  soluble 
in  water,  there  is  also  wme  stream  in  the  contrary  direction.  This  is  equivalent  lo 
saying  that  the  arrangement  is  not  strictly  semipermeable.  For  our  present  purpose 
this  may  be  nenlected,  eicepl  in  so  far  as  it  empnaslies  Ihc  fact  thai  osmotic  changca 
generally  {if  notalways)duuccurin both  directions.  This  isjof  considerable  importance 
in  biology. 

It  is  another  important  advantage  of  the  theory  that  it  cmphasi:(es  that  Ihc  mcm- 
bfane  pla)'s  an  active  part  as  well  as  the  sulule.  Its  greatest  nilvanlHgc,  however,  is 
(be  «mple  explanation  which  it  pvts  of  the  nature  of  the  o.smotic  proces.s.  namely  as  a 
phenomenon  of  chemical  or  solution  affinity.  Osmotic  pressure  will  result  if  the  solute 
IS  relatively  insoluble  in  the  membrane,  i.e.,  if  it  has  a  greater  affinity  for  the  solvent 
than  for  the  membrane.  Id  the  case  of  two  solutions  the  transfer  of  iluid  will  occur  In 
the  dirtclion  of  ihe  solution  which  has  the  greater  aihnity;  and  osmoiic  pressure  i« 
tinwly  the  hydroslatie  pressure  which  ii  reciuiced  lo  prevent  Ihis  atlracilon  of  fluid. 

The  Ibcory  supposes  that  the  wlulion-atlinity  increases  with  the  molecular  con> 
CCBlntlcm;  and  unce  it  is  a  fact  that  eiiuimolar  solutions  of  all  .°^uh<lanccs  arc  iiolonic 
—at  least  with  slriclly  semipermeable  membranes  and  aqueous  solulions^ii  follow* 
that  the  tolution-aSinity  must  depend  »olely  uann  llie  molecular  concentration;  i.e., 
it  must  be  Independent  of  thu  nature  of  the  dissolved  substances.  This  agrees  entirely 
with  the  known  cITect  oF  molecular  concentration  «a  the  frecting-  and  boUinS'poii't*- 
The  ofBoily  is  also  raised  by  temperature. 
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Relation  of  Van't  HoS  and  Kahlenberf;  Theories.— In  brief  lte,1 
main  fat(s  of  osmosis  arc  explainable  by  cither  Ihcory.  TtiC  (Kin 
diffiTtntc  in  ilii'ir  pr.ntical  a|>;>liciition  lies  in  ihe  tact  that  Van'l  IW» 
thcorj-  gives  a  definite  formula  (or  calculating  the  osmotic  pressunbta 
the  molecular  conconiraiion;  while  Kalilenberg's  ihcory  doe» not  llltotf 
an  exact  quantitative  formula.  Prvsumabty,  howi-vcr,  even  thii  in- 
ference la  not  of  very  fundamental  practical  importance;  for  xhctbtAutt 
osmotic  pn^ssuTL-  may  well  \k  that  of  the  gas  formula,  whctlm  11  b  in- 
duced by  kinetic  motion  or  by  solulion-affinity;  iitdeed,  as  hu  bra 
intimated,  the  pressure  proiier  may  he  due  lo  kinetic  motion  b  cilbcr  a>* 

It  will  be  retailed  that  Vnn't  HolTii  Xitewy  pottidaics  a  v«ty  drllAlto  qautiud" 
value  Cur  tiio  osmuiic  prusurc,  tiHiiicly  11.34  stmcapluTet  (or  a  ntoiKalu  iiUIm 
AccoctUnK  to  K*IUenb«rg'i  theory,  this  value  U  much  leu  definite.  II  ■  iBtntout 
■ncre  itrictly  semiprrmc'ihlr.  Ihe  ftolution'Ofiinity  ibould  undoublnlly  give  ««.(«• 
tually,  to  a  ooiulaiil  trnd  driiaite  osmotic  prFMUic.  This  would  (guile  Lttdy  b(  kb*- 
thing  like  thai  u(  Von'I  llufl.  In  cmciice,  however,  and  eipediilly  in  ImI«|]'.  ^ 
value  ii>  never  atlainnl.  LivinK  rnemtinnrii  are  not  xtricUy  »eniipernMMlc,MllBt  lb" 
Is  more  ur  lest  p^f^c  of  Mlule  out  of  the  solution,  thercliiy  inluctnj;  iJm  OMKMtnte 
Furlher,  the  pnuai^  of  fluid  become*  slower  and  daittt  aa  Ihe  coacatnlioM  ••  d* 
tiKi  MdcK  of  lac  nirml>rane  approach  equality;  the  full  prcMUtc  NOiUd  titadait 
b*  milled  in  any  time  which  would  come  into  practical  con&ideratloa 

*      Morse's  Hydratioo  Theory.— Morse  at  tributes  thv  passageottkf 

to  unequal  liyilraiion  of  the  colloids  on  the  two  adea  of  thenuah 
The  solutes  dehydrate  the  »ide  of  (he  membrane  in  contact  withtb*;" 
and  this  is  cqualliM^  by  the  attraction  of  water  from  the  oppouUM*' 
The  theory  is  somewhat  related  to  thai  of  Kiihk-nl>crn;'.'i;  but  it  Wp^ 
explain  why  the  rale  of  oemosie  is  not  parallel  lo  the  semip^^^nclbi^iIy. * 
lo  the  final  osmotic  pressure.  Salts  generally  devd(^  an  osmoiic  P'f' 
sure  more  rapidly  than  sugar,  even  when  the  final  osmotic  prciiunn<^ 
salt  solution  is  lower. 

Differences  Between  Rate  d  OimotU  and  Onnotic  PrMsnre.— Tbew  M  itu*  ■ 

parallel.  Ktir  iiisUiur.  Ihr  copper  ferit)i:yjini'l  it  im|>crnicablc  W  *ucrait,ia" 
permeable  lu  salt.  A  auKar  solulion  will  tlietclor*  be  eventually  hyptfteoitW' 
ftolutioa.  In  the  start,  however,  i.r  .  before  the  mU  molecula  buve  hod  tint  loy^ 
ihrouKh  the  membrane,  wiicr  poMcs  from  ihc  aagu  into  tbc  sail :  It  l»  ObIj'  tt  '"'T* 
proccedii  that  the  prucoa  is  reverted  as  would  be  erptcicd.  Other  tnenhniM  *•• 
eimiUr  phenomena  (Mdn,  tq:s).  Indeed,  acidi  »ciually  diminitti  ia  nliuv  *" 
tUSused  throuKh  n  piR'<  bladder  nuinit  water  ((irabam).  ,_i_d 

Morse  (i|)lHins  tlie»e  ob»civntiiins  by  the  (act  (hat  neutral  etfclrolyl**  lU?*''' 
coUoicN  more  readily  llian  dod -electrolytes.     The  "ncgalivc  uMnmit"  o(«d4llt*' 
thcii  hyi](ntinj(  action  (lec  "Imbibition").     Alkalis  are  iolernwxliale.  .t. 

Suttac»-l«oslon  Th*ory  of  Osfflo^  -J-  Traubr  (t<K>4  and  later]  f^'"',*^!!: 
phenomena  to  surface  tension.  He  obterved  lb»l  aubslancn  wbidi  lower  juHM*™ 
don.  and  which  tbcrclor*  accumulate  at  the  surface  according  !<■  >hr  nnilit-TVWf 
principle,  penctrute  ihti>uKl>  membrane*  more  rapidly.  Convert' 
increanc  suriface  Iciuion.  and  which  therefore  accumulate  in  the  in'  '. 
the  solvent  t'>  cuunli/c  tbc  nrcuufr.  In  other  words,  Ihc  6uid  o4  lower  s'tfl*''^f^ 
wnnild  be  drawn  into  t bat  01  higher  surface  ten>.ion.     .\b  attraction  prcMunMw"'' 

be  created.  j.  tal* 

Surlnce  leniion  may  well  play  a  p«rt  in  osmotis.  F.i.,  MatcaUum.  igi.t,  i"°''^L 
very  low  surface  tension  in  a  film  may  retain  solu  so  Grmly  as  to  act  as  a  *e««p<i*f" 
iiKmbrane.  However,  it  is  improbable  ibat  surface  leftHon  U  an  adequate opls^uj 
of  (he  ordinarj'  osmolic  phenomena.  Thus,  it  does  not  esptaiii  why  mbMawr*  *^ 
affect  surface  tension  very  unequally,  f.t-,  suKsr  and  wit,  ate  n« rrthelcst '•^•j'' 
It  alio  takes  no  account  of  Ihe  dillerences  introduced  by  Ibr  nature  of  tht  "'^t'^ 
Trittbc  baa  later  modified  hin  tbcor\-  10  meet  some  tJ  these  nbjcrlions;  Utf  tU)  <*" 
inlroduote  (urtba  complications  anJ  siiU  tails  lo  explain  all  the  (ads. 

Direct  Determination  of  Osmotic  Pressure.— The  absolute «»'■■'* 
jKc^urc  wouhl  be  measured  by  the  rise  of  a  manootctcr  attached  ^  _ 
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osmotic  cell,  i.e.,  a  rigid  vessel  filled  wilh  a.  solution,  surrounded  by  a  seini- 
permeable  membrane,  and  immersed  in  water.  Perfect  osmometers  are 
difficult  to  construct,  and  perhujis  theoretically  impossible.  However, 
even  imperfect  iostrumcnts  give  practically  useful  data  as  to  the  velocity 
and  magnitude  of  osmotic  pressure  and  these  show  at  least  an  approxi- 
mation to  the  Ras  law5. 

Magnitude  of  Osmotic  Pressure. — According  to  the  gas  laws,  the  pres- 
sure exerted  by  a  gram-moUculc  fthe  molecular  weight  expressed  in  grams) 
or  "ffwr'of  any  substance,  wbeiicomiined  to  a  liter  of  space,  equals  11.34 
atmospheres.  In  a  "molecular"  solution  therefore  (one  containing  a  mol 
dissolved  in  a  liter  of  solvent)  the  osmotic  pressure  would  raise  a  column 
of  water  to  a  height  of  about  725  feetl  The  osmotic  pressure  of  the 
salts  in  the  blood  would  raise  it  about  250  feet.  This  may  suffice  lu  indi- 
cate thcenormous  molecular  force  latent  in  solutions,  even  if  it  may  not 
be  absolutely  correct. 

An  actual  osmotic  pressure  will  only  be  developed  if  the  solution  is 
confined;  if  it  is  free  to  expand,  the  incoming  molecules  will  merely  in- 
crease the  volume  of  the  fluid. 

Id  thi^  way  a  singk  molecule  of  a  non-diOusibte  salt  woulri  thcuri'titullv  be  capabk 
of  altnwting  an  inlinilc  amount  of  walcr  aciuss  a  scmipetmeable  membrane— for  it  is 
evi<t«nt  that  the  number  of  HiO  molecules  per  cubic  $p»cc  would  always  be  less,  by  th* 
mdeculcs  of  salt,  than  they  aie  in  pure  water. 

The  rapidity  with  which  water  will  pass  into  the  salt  solution  across 
the  same  impermeable  membrane  will,  of  course,  depend  upon  the  concen- 
tration of  salt;  i.e.,  the  partial  vacuum  of  H20  molecules  in  the  solution. 
The  rate  of  osmosis  will  therefore  be  slowed  .as  the  process  progresses. 

Detenninatioo  of  Relative  Osmotic  Pressure.— This  can  be  easily 
made  by  using  artificial  membranes,  or  more  conveniently  animal  or 
vegetable  cells;  diluting  the  solution  under  investigation  untQ  its  osmotic 
eSects  on  the  cells  are  identical  with  those  of  a  known  solution. 

The  earliest  quantitative  studies  of  o&mous  (Histnricnl  Review.  Hamburecr,  iQitl 
•mxt  mnrfc  in  Ibis  way  hy  dc  Vrics,  i88j,  by  the  use  of  ccttain  plant  ckIIs  (TradcKonlla) 
which  exhibit  Plasmalyiis  (ri-traction  of  the  proIoplHsm  Irurn  Ibc  cellulose  envelope) 
in  h>-pcitonic  solutions.  He  was  thus  nblc  to  determine  the  isotonic  concentralionit 
of  3.  long  scries  of  substances.  H.  J.  Hamburger,  1883,  introduced  the  hfmolyiic  mrthiid; 
i.e..  the  determination  oi  the  concentration  which  produces  lakinit  of  red  btoud  corpuscles. 
Thb  is  abo  isotonic,  provided  that  ihe  corpuscles  are  semipermeable,  i.r.,  that  ihc 
Hibstances  do  not  ptneiralc.  This  ma-y  be  ascerlaini'd  by  direct  chvmic  analysis  and 
holds  practically  tot  most  salts  and  sugore.  but  not  for  uren.  alcohols,  etc.  The  changes 
in  the  uirifkt  of  liisurs  nfler  immersion  in  the  solution  may  also  be  used  ns  an  index; 
but  with  these,  partial  scmipcrmeubility  is  much  mure  cummon.  and  imbibition  may 
come  into  play;  thus,  uccordinc  to  Overton,  1906.  lerum  is  isotonic  ivilh  0.0  per  cent, 
NaCl;  but  when  concentmled  four  limes,  it  requires  $  per  cent.  NaCl;  and  when  six 
timet,  (o  per  cent. 

Vslu«  <yt  t]i«  Comparative  Hethods.^All  these  mclhod*  involve  comparison  with  « 
kiMxrn  sdution;  and  if  the  .tb=olutc  osmotic  pressure  of  the  latter  were  Known,  and  it 
the  membrane  were  truly  semiiwrmeiiblc,  Iben  tlit  absolute  osmotic  pressure  of  the 
unknown  solution  cnuUI  be  easily  calculated.  Thin,  however,  is  mainly  of  theoretical 
importance,  for  as  has  been  repeatedly  said,  slficlly  semipermeable  membranes  probably 
do  not  exist  in  nature.  The  true  value  of  these  comparative  cilimations  lies  mlher  in 
the  picture  which  they  furnish  of  the  direction  and  rclaiivc  value  of  the  osmotic  prc»5urc 
for  the  particular  solulion  and  mcmhr.tnc  (or  cell)  with  which  ihcy  are  made— often  a 
matter  of  ureal  biological  importance. 

Calculation  of  Molecular  Concentration  and  Osmotic  Pressure.— 
Since  the  osmotic  pressure  has  a  definite  relation  to  the  molecular  concen- 
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tralion,  tlic  delcr  mi  nation  of  the  one  quantity  |>crmits  the  calc 
the  other. 

If  a  cell- membrane  were  tnily  scml  permeable,  then  two  tohition*  wkkfa  M  tte 
Mme  ciGfect  on  the  cdl  voluniL-  (or  luking)  would  need  to  have  ao  lilenticil  adtabi 
concent nilion.  The  canccnrrjiion  of  «ny  unlcDuwn  sidulion  could  tfacrtfim  WdiM- 
mintd  by  diluting  or  conn- in  rating  ll  until  il  becaine  iMIonk  with  a  »UniludtAil*> 
ol  known  concentrnlion.  The  Mrmipcrmnbilit}'  of  rerliiin  ccU»  b  HlffidatUyeoafhlt 
to  nuke  M}t  method  a%'»ilable  for  practical  punxHei;  but  it  ia  Its*  nkct  ua  |mnlf 
IcM  coDvcnicnt  than  (he  Lulculation  from  tec  (reeling-  or  t«oiting- point.  p 

Esttmatioa  of  the  Molecular  Concentration  by  the  Freeziog-poiiiL- 
The  (iopreiisjon  of  tliu  trm.-/.in^-i»oint  (<len(ilcd  l>y  A)  is  euily  dete 
by  the  Bcckmann  apparatus.  It  is  strictly  proportional  to  the  mole 
concentration;  every  mol  of  subittanco  pur  liter  of  solution  deprcMn;  ibt 
freezing-point  of  water  by  i.Ss'^C.  and  this  no  matter  what  the  nature « the 
substance  {Raoiill's  /.ate),  except  as  it  is  niodified  by  electrolytic  its- 
tkKiation.  The  molecular  concentration  is  therefore  calculated  b^'divt)- 
ing  A  by  1.85;  and  the  osmotic  pressure  by  multiplying  the  ntdccdl^ 
concentration  by  33.34  atmo^heres. 

H^eeulai  SolutionH. — ^Somc  confuiion  cxUtit  in  the  uk  of  tbu  term  {ab 
"M"j-     Tlu-  (dircti  priicticcii  to  add  tlie<;alcuUl«<)  quantity  of  mIuIc  totli 
venl  (K.i'T'ult).     It  is  inadmiulble  to  di»olve  the  mot  in  waler  enoo^  ttt  wbd 
(Arrhcnius'ri  mclhfid),  as  is  commonly  done  in  mnkio);  chemical  solutkiDS. 

Molecular  hotutloni  are  sometime!  called  "Ducmal."  This  i»  vbJectbMablt;  htW 
Hotmai  taluIioH  0/  tbrmisli  differs  from  the  molecular  solutiaai,  ia  that  tbr  fdl^ff 
weight  ii  divided  by  I  he  valence.  The  hotkmI  seliithiu  of  pkytUhtt''*  ""P^^ 
diflerent  from  the  above;  they  arc  saline  solo^oos  of  a  strength  of  o.fi  loMP*** 

Departureof  ElectrolytesfromRaotilt'sLaw. — According  to  thi»l««. 

llic  molfcular  concentration,  and  tiierefuri-  the  freezing- point,  oti"*'* 
tension,  etc.,  should  be  cakuUblc  by  dividing  the  per  tent,  of  Ibtwh' 
tion  by  one-tenth  the  molecular  weight  of  the  dissolved  suteii'"'^ 
Tht.i  is  found  to  hold  true  for  concentrated  solutions  of  all  subsl****" 
and  for  dilute  solutions  of  non-dt<trotyUs — ^substanccs  which  do  not  c* 
duct  the  electric  current,  such  as  the  sugars,  urea,  glycerin,  akobtil.  ^ 
Dilute  solutions  of  eleelrolyles — salts,  acids,  or  bases — however,  fto*^ 
greater  concentration  than  would  be  deduced  from  Raoult's  ta<r. 

A  solution  of  Nad  containing  o.;S4  Rram  of  NaQ  per  liter  (e^uali  H««  ■■'" ' 
deprcu  thcfreeiing'point  by  0.0185  .     "  Is  lound.  however,  llijt  itsdeprtMisiiii'-^. -, 
to  o,ot*;  almcuC  twice  as  emt  as  would  be  expected.     Very  dilute  Milallaesfl'Nii'" 
have  three  times  ihe  calculated  concen  I  ration  i;  those  of  HiPO,,  (our  iim«i._ 

The  diiaociition  o'  salts,  as  revealed  by  the  Ircev.ifiK-injiinl.  hirxn  a  itn1ciq|  ■*?* 
to  the  conrtuclivily  u(  salt  solutions  tor  eleclridty.  ll  )ia^  bnn  found  that  tah  t*'^"" 
conduct  electricity  protwrtiaoalely  better  lite  more  Ihcy  arcdilulfd.    ". '■(-■'^'z 
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which  contains  At  niol  hat  a  cocmcicnt  of  coaduciivlty  which  we  wiB  caS    K.* 
tion  which  contains  only  o.oi  mol  wttl  have  a  cocl&cieDI  higfaer  than  —  ■  TlfalBCt'*'' 
is  exactly  proportional  to  (he  increooed  nialeculai  conoecitntiiMi  Kvnled  br  ik  "*'' 


ing-point. 


'  two  phcnumena  must  therefore  hav«  (he  same  OMse. 


ELECTROLrnC  DISSOCUTIOM 

General  Statement— To  account  for  the  fact  iliat  electrolytes 
the  freezing-point  more  than  would  agree  with  Kaoult's  law,  Airhc; 
1887,  advanced  the  h>-pothcsis  that  a  certain  proportion  of  the  decl 
molecules,  by  acquiring  an  electric  charge,  separate  into  their  ronstlt^^^ 
ions:  NaCl  into Na  *  and  CI  -  ;  (NH.)iSO,  into  NH,  *,  NTl. '"  aadSC>-" 
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H,PO.  into  H+,ir+ H  +  and  PO.- :Ca(OH),intoCa-H-,OH-aji(iOH- 
The  "*"  and  ~  signs  denote  the  nature  and  quantity  of  the  electric  charge. 
The  melals  of  sails,  and  hydrogen  of  acids,  carry  a  positive  charge,  and 
therefore  wander  to  the  cathode  ami  thus  cnnslitulc  Die  cathions.  The 
'acid  radicals"  of  sails,  and  the  hydroxyl  of  bases,  carry  the  negative 
charge,  go  to  the  positive  pole,  and  are  therefore  the  anions.  The  con- 
duction of  electricity  through  solutions  occurs  by  the  conveyance  of  these 
ions. 

It  is  scarcely  necessary  to  Insist  that  the  ioiti  are  net  idfnlkal  teilh  ulams  (from  which 
they  differ  in  iliat  they  carry  charges),  nor  with  the  frve  clcmcals  (which  exist  as  molc- 
m!<s).  Inn  dilute  solution  of  NaCl  there  doc^  not  exist  metallic  (Nn)  nor  gaseous  chiorin 
(CI),  but  Na  ioiis  {Na  " )  and  CI  ions  (Ci~).  whose  properties  are  altojjcther  different- 
It  must  also  be  rcmcmbcrec!  that  this  ioniintion  exists  in  only  a  liroileil  class  of  com- 
pounds, v^L.,  in  all  aciiU.  ha^es,  :inil  salts  [elttltolytcs) ,  and  not  in  compounds  which  do 
not  conducl  electricity  (non-tlerlrolyU-i). 

The  electric  charges  ate  fuither  imffortant,  since  they  may  leave  the  ions  to  combine 
itilh  the  tissue  elements,  so  that  the  dectro1ytc3  cause  electric  stimulation  of  the 
protoplasm. 

Degree  of  Ionization. — ^This  increases  with  the  dilution  of  the  solution 
until  complete  dissociation  is  attained. 

In  concentrated  solutions,  the  two  charges  appraach  sufficiently  dose  to  neutralize 
each  other,  and  the  two  ions  combine  into  an  ordinary  molecule,  e.g..  NaCl.  In  dilute 
Mlutions  they  are  separated  so  far  as  to  exert  little  attraction,  and  act  as  independent 
molecules. 

With  ximilar  iona,  the  degree  of  dissociation  is  fairly  constant  for  the  same  degree  of 
dDulion.  In  i  per  cent,  solution  of  NaCl  (and  in  blood)  about  Hi.S  per  cent,  of  the 
molecules  undergo  this  process,  and  about  the  same  percentage  in  equimolecutar  su1u> 
lion*  of  KCI  or  NHXI.  Disiimilar  elements,  such  as^  Mg,  Co,  SO.,  J'O,.  etc..  have  a 
different  constant.  If  several  salts  are  present  in  a  solution — particularly  if  they  have  a 
common  ion — the  degree  of  disjociation  of  each  salt  will  be  less  than  it  It  were  present 
alone  in  the  time  concentration,  but  Ercaler  than  if  it  were  prc&cnt  alone  in  the  cnncen- 
Iralion  corretponding  It)  the  sum  o!  tlic  several  salt^ 

Effect  on  Freezing-point,  Osmotic  Pressure,  Etc. — Each  of  these 
fractions  {ions)  has  the  physical  properties  of  molecules,  and  thus  causes 
a  corresponding  depression  of  freezing-point  or  increase  of  osmotic  pres- 
sure. These  quantities  would  therefore  be  twice  as  great  if  the  mole- 
cules had  dissociated  completely  into  two  ions  (NaCl);  three  times  as 
great  when  dissociated  completely  into  three  ions  (NatSO*);  four  times 
with  HjPOt,  etc.  With  partial  dissociation,  intermediate  values  would 
be  obtained. 

The  total  molecular  concentration  of  a  dilute  solution  of  a  single  sail  corresponds 
10  the  numl>cr  of  undissociatcd  molecules,  plus  the  number  of  dissociated  molecules 
multiplied  by  the  number  of  parts  into  which  Ihcy  divide-  For  Instance,  if  80  per  cent, 
of  the  NaCl  molccides  in  a  solution  are  dissociated,  the  concentration  will  be  1  —  0.8  + 
(0.8  X  1)  "  i.S  times  the  tlicorelical;  if  80  per  cent,  of  Na,SOt  is  dissociated, It  will  be 
I  —  <yS  +  (0.8  X  3)  =  i.t.  (Tables  of  the  dissocialioo  of  the  various  salts  are  given 
by  ;\-  .v.  No>-es  and  Falk;  J.  .\-  Ch.  S,,  19101. 

LJmitnlJoo  of  Terms.— To  avoid  contusion  it  mny  be  well  to  confine  the  term  "mel," 
or  better,  "molivn."  to  ihc  molecular  mnccntraiiofi  actually  deduced  (torn  the  If  ceding, 
pcnnl  (t.*.,  1.8  in  the  preceding  example  of  NaCl);  and  '' ^idm-moUfuk"  to  the  concen- 
Iration  deduced  from  the  molecul.tt  weight  (i*,c.,  1  on  the  example]  without  taking  ac- 
count of  the  dissociation.  The  abbieviation  "M"  is  always  applied  to  the  latter. 
Several  solutions  may  be  rdated  to  each  other  in  the  following  ways:  ICquimolecular 
(Mune  number  of  eram-moteculcs) ;  Equ'tostnolis  (tame  number  of  motions);  xnd  Ltalnnie 
(umc  diecl  on  a  Kiven  cell).  The  term  isolanU  coefirieiil  is  applied  to  the  factor  by 
which  the  molecular  concentration  must  be  multiplied  to  obtain  the  molionic  concen- 
tration. 
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Ion  Actions. — In  addition  to  the  osmotic  actions  which  bavejiHiUa. 
described,  electro!j-tes  show  effects  which  arc   due  to  Uwtr  couliUMl 
ions.    These  actions  arc  g<rnrratly  proportional  to  the  degree  of  Ict^B^- 

Tfae  Mmparativdy  fina  mercuric  nlbuminntr  U  much  1cm  active  dHalhtiMU 
itwTcuric  chloijd;  fvrrocy&nids,  in  which  the  iron  <lon  not  exbi  u  u  iM,  tati'M 
differently  from  fercouR  Mlti,  and  these  again  differ  from  ferric  uiis,  GMecwdM 
doea  not  b«havc  at  all  like  the  chlorin  ion  of  NaCI.  etc.  The  chraik  bchatwvaAa 
in  the  nrac  n-ay  with  the  dcgrM  and  state  of  ionlution.  The  iom  may  ad  iffttttiiit 
lata  cheinic  combinations  with  tlicpmIopla«m,fiTOduciiigvarii>uacaBipcKind(,()ilb)<^ 
and  dccompuaitionn,  and  ilitrtby  Wud  to  fuuciionat  cban)[«8.  Ttiey  may  atoihstk 
pcrmcnbiliiy  of  the  ccU  iroll.  Ilciidea  these  chenuc  actions,  it  apptart  mmiut 
probable  that  tberlectriccharKn  carried  by  the  iao*  exert  actioQK  vhicbaitindaeaM 
of  the  cbemic  nature  of  the  ion*.  Theao  latter  actions  may  wrell  be  tenntd  "'*<»" 
odfpM,"' whilut  the  sum  of  the  dMiuicaad  electric  actions  produced  by  theiaMW<U 
ICrouped  toKciher  as  "ipnifK  icn  txtlem."  It  i«  quite  conceivable  that  tWcMc 
aclioa*  are  alio  in  the  last  instance  resolvable  into  electric  maaifeatatwiia.  IM  **> 
the  proof  tor  this  hat  not  yet  been  furnished,  anil  since  the  twodaaieaof  adioMidU 
siriklni;  dlStrcncci,  it  \i  well  to  lc«ep  them  apart,  in  so  fai  as  thia  la  praOicabla 

Electron  Actioos. — By  this  term  we  understand  those  actions  whkkit 
produced  by  the  electric  charges  carried  by  ions.  These  modify  tbedw 
trie  condition  of  the  protoplasmic  co)loid.4,  and  hence  their  acgngUiM- 
Thi&  leads  to  important  modifications  of  functions. 

The  esitlencc  of  thctc  actlona  iaahowa  by  Ibv  fact  1  lu  t  all  el«ciralyIo  product  crRiii 
eSecis  in  comtnon,  which  arc  not  produced  by  nun-declrolyics.  For  irutaon.  u  (ff* 
albumin  tolution  caa  not  be  coagulated  by  hcniing  when  tliectccirolvicthaMl«* 
removed  by  dialysis.  The  coaxulabilily  is  rcslorvd  by  the  addlttoa  of  ewctr^lyia."* 
not  by  nonelectrolytea {sugnr.elc).  TnesecffecisarelargelyindcoeadeiilaftbicMr 
properties  of  the  ioni.  but  vary  with  iheii  elrciric  propertie*,  tnca  a»  the  figJi  •! wj 
dcctric  charge  and  the  ease  with  which  they  part  with  tbds.  The  rffiets  ipw** 
thast  of  positive  and  n^nti^-c  electric  tltmulation;  aniont  wnd  cathkiRi  trad  U)^"*" 
opposite  effects,  the  action  of  an  electrolyte  bein^  detern^atd  by  the  pitilaiiiMn'J 
Ion;  analogoua  phenomena  are  exhibited  when  electrolyte*  ace  added  taMluliW' 
coUoi<b. 

The  Relation  of  the  Toilcity  oj  lona  to  Their  Btectrle  PropartiM.— Tbc  lU'^^^ 
effects  of  ions  on  jirotppluim  can  be  tiiimiilnl  most  exactly  and  moat  COavtfffTJ 
ohsen-ing  the  wolccular  concentration  in  which  the  solntioo  will  yut  cauae  dealt-  T*; 
has  been  i.lui!ir<)  by  a  number  of  invcstiffatort.     I(  was  noticed  that  lh«  tosMy  Ja***" 

?mfritHy  wilh  Ike  aliymie  M<eSgkl  o{  the  ion — H^,  for  instance,  being  much  iBontanroaB 
la;  but.  on  the  other  hawt,  H  wns  found  more  toxic  than  the  heavier  Ma.  Tin'***' 
alio  inttruiti  tftrtaJIy  wilb  llif  rixlmfy;  but  here  also  there  are  vtri'  sinking  MWf^'*'' 
the  monovalent  Ag  beuig  more  toxic  ilian  the  irivalent  .AU  The  geneial  »«•  "j" 
striliins.  lioib  as  to  the  atonuc  wrisht  and  volcnc)-,  that  tome  connrction  oMvtJf 
doubted;  but  it  is  evidently  not  a  "frHple  one.  The  i^ubjecl  ha*  Wen  very  iptatif  "g" 
dated  by  the  extensive  cxperimems  of  A.  r.  Mathcm  (1904)  on  fundulua  ipu'"" 
are  peculiarly  adapted  to  llicse  Invrsligationi.  They  showed  a  rcsurkahb  t|i*i^ 
between  the  toxicity  and  the  solution- 1 rnniin  of  ions. 

The  eolation -tension  «iKnifio  the  tendency  of  a  metal  to  fo  into  wlutim,  W  »** 
to  acquire  an  electric  charge-  This  may  bcesiimalcd  by  physical  method*.  T^C"'? 
the  solution- tension,  the  srealcr  is  the  affinity  of  the  ioii  for  Els  charjic;  Ibc  '■''Jr 
wni  this  ion  he  to  part  with  its  charge,  and  therefore  the  has  Ita  effect  oa  OBlldfc,  J|f 
Is  prtciuly  what  Mathcwa  found:  ikr  loritUy  of  a»  mw  sariss  imttttiiy  •)  fit  al** 
Untion;  the  toxicity  of  a  salt  varies  inversely  as  its  "itt9mpMitifin-l*tM0i»,''  i->~*"j 
MiBi  of  ihc  solution- tension  of  both  its  ions.  (For  Instance,  If  the  Mluiian-tna°*r 
the  anion  Is  i  and  of  the  catbion  i,  the  decomposition-lennoa  of  the  aalt  li  }<)  ^* 
•aroe  law  applies  to  the  inhibitory  ariion  nf  electrolytes  on  ferments.  Malkr**  ^ 
found  that  the  toxidiy  Increases  vdth  the  (tuotirni: equivalent  weizht  divbtnllif  i*^ 
t«lumr.  When  we  underatanit  the  eleciric  condition  of  ions  and  CMMds  better.  W**^ 
probably  find  that  there  it  a  common  basis  to  these  connK-tcd  pbeaoowaa',  aal  ^ 
apparent  exocplions.  which  still  exist,  will  probably  be  explained-  _^ 

OUUr  fonu  <^  tife  d«  mot  tkMB  fmistty  Ike  iamt  cormfoiidfntt.  This  liUajn**^ 
could  be  expected  from  the  f*mfllc«t*i  t»ittUUnt  wUch  prevail  ta  moat  calK***"^ 

<  Many  aulhon  at*  th*  wm  "ion  actions"  (o  dnicfutr  wh*i  <•  hv*  tslla4  ekeava*'** 


5HOT1C   EP7ECTS   ON   CELIS 


553 


I 


not  at  all  tpcak  agftln&t  MsthcwK' Inw.  The  Utter  dcal»0Dly  with  the  affinity  ot  Iht  ton 
for  il»  clurxc;  but  tbe  colloid  is  alio  an  uttivc  (iitlur  in  the  reactiuu,  M>me  protoplasm 
showing  a  greater  nffinity  for  positive  charges,  iind  othecs  for  negative  charges.  Tlw 
factor  uF  pentliiilion  introduces  importitnl  cumpticulioiis.  Eteclruii  actions  must  occur 
even  when  the  ions  do  not  ricncti.itc  into  the  cell,  the  charges  being  IranKlerrcd  through 
the  intcfmcdiution  ol  t  lie  i^olkiidal  cell  wall.  Thi^  ih  indeed  the  must  (avurablecoiidUloa 
lor  the  study  of  electron  action?.  ?iiicc  it  excludes  the  possibility  of  chemic  changes. 
ll  probably  explains  the  coniprtnillvely  simple  results  obtained  with  fiin<lulus  ova.  (Of 
tbe  c^ipcrlinenls  of  O,  H.  Brown  (190s)  have  dcmonElraled  their  cumpuratively  K^eat 
impc-rmc ability  to  lalts  and  water.  With  most  ce  lis.  however,  the  po»ibllity  of  ntnctly 
chtmu.  •H.iiiififitli/ms  of  the  protoplasm  by  Ihcionsts  more  or  Icm  important.  The  action 
of  theMdei]  ions  will  bcKtcally  m<iittfinihylkf  iotiivkuk  art  already  prtstnl  in  the  tissues. 

Again,  a  solution  containing  a  single  electrolyte  will  tend  to  withdraw  all  other 
elcctiolylci  irom  the  cell;  and  the  toiicity  may  in  some  rases  he  due  li>  delkleocy  of  the 
latter  ions,  tslher  than  to  excess  of  the  former  (fjsbofoe.  looj).  Even  non -dec trol vies 
may  affect  Ihe  proportion  of  electrolytes,  since  these  diffuse  with  unequal  facility  (f.t., 
Naand  K  more  readily  than  Cj  or  Mg;  W.  Denis,  IQ06). 

Limitations  of  the  Electroti  Theory.— The  theory  of  electron  actions  has  furoiahed 
new  and  fruitful  conceptions,  a  dee|>er  insight  into  the  reactions  of  protoplasm,  and  nev 
indications  of  research.  It  should  he  rcnieml>cred,  however,  that  it  does  not  as  yet 
attempt  to  ejqiUin  Ihe  Actions  ul  non-electrolytes;  and  that  It  can  not  be  said  to  explain 
fully  all  the  actions  of  eteclrotytes.  It  does  not.  for  instance,  explain  the  qualitative 
differences  in  the  nction  of  the  lodids.  bromids.  and  chlorids;  of  cnlcium,  magnesium,  or 
barium;  the  specific  loiicily  of  potassium  for  muscle  and  nerve;  nor  ihc  need  for  the 
presence  of  several  ions.  We  must  not  for;(el  that  protoplaim  has  chemical,  a*  well  as 
physical,  properties;  and  that  many,  if  not  all,  ions  arc  capable  of  entering  into  ordinary 
chemical  reaction  with  the  protoplasm.  The  specific  ion  actions,  as  we  can  observe 
them,  arc  therefore  the  ri^ult  of  a  cooperation  of  ph>-sicBl  and  chemical  changes.  In 
Ihe  pri-«en(  state  of  knowledge.  It  would  he  unrcmunerallve  to  attempt  to  distinguish 
between  these.  A  more  practical  conception  of  Ihr  ucliun  of  the  individual  ions  can  still 
be  obtained  by  describing  the  phenomena  as  they  arc  observed,  without  trying,  Of  u  rule, 
to  penelrale  into  their  meaning. 
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OSMOTIC  EFFECTS  ON  CELLS 

It  may  now  De  attempted  to  apply  these  physical  processes  of  salt 
action  to  the  explanation  of  the  phenomena  of  life.  It  will  be  remem- 
bered that  the  latter  may  be  influenced  by  the  osmotic,  electric  and  chemic 
proptrtics  of  the  salts.  The  osmotic  effects  are  independent  of  the  nature 
o(  the  molecules.  The  electric  eflfecls  depend  solely  on  the  sign  and 
Iransferability  of  the  charge.  The  chemic  effects  are  distinctive.  All 
these  effects  are  influenced  by  the  special  permeabilily  of  the  cell  membrane; 
by  the  solutes  already  present  in  the  cell  and  in  its  surroundings;  and  by  the 
special  properties  of  the  eel!  colloids. 

Osmotic  Actions  on  Cells. — These  are  due  primarily  to  ihe  changes  in 
the  total  water  or  salt  content  of  the  cell.  It  is  therefore  necessary  to 
distinguish  between  hyper-,  hypo-,  and  isotonic  solutions.  In  effect,  how- 
ever, the  final  functional  resiilts  of  different  concentrations  an;  often 
very  similar. 

Changes  in  the  Composition  of  the  Cells.— In  a  physical  sense,  a  cell 
may  be  conceived  as  .1  solution,  the  protoplasm,  chiefly  of  hydrophilic 
colloids  and  largely  dissociated  electrolytes;  inclosed  in  a  membrane  (the 
cell  wall)  of  characteristic  permeability;  and  generally  contaiolng  sus- 
pended lipoids  or  solid  granules. 

The  cell  walls  (which  may  be  merely  a  modification  of  the  cytoplasm) 
are  usuallv  easily  permeable  to  water,  impermeable  to  colloids  and  more 
or  less  difficultly  permeable  to  dcctrolytcs  and  other  crystalloids.  In  this 
way  they  permit  a  certain  amount  of  exchange  between  the  cell  and  its 
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suiroundiDgs  (the  lymph,  etc.)  which  l«  nece»ar>-  for  meubolbm.  Atlk 
stmi:  time,  since  the  permeability  is  limited,  and  varies  (or  diScROt  lib- 
stances,  it  enables  the  cell  lo  preser\'e  it&  own  composition,  wUchisquiu 
diSerent  from  that  of  the  lymph.  However,  this  protection  is  not  pcdtd. 
eqKcially  if  artilicial  changes  ate  made. 

The  cell  walls  (and  iiidee<l  aUo  the  interior  cytoplasm,  Kite^  tqij) 
behave  essentially  like  what  we  have  dciined  as  a  "  parUy  semipcrmoUt" 
membrane  {as  su^csled  by  Traulje,  1S67).  If  therefore  the  mokobi 
constitution  of  the  medium  siuroundins  the  cells  be  in  any  way  cbufid, 
this  will  effect,  in  the  first  place,  a  change  in  the  total  water  or  lihcofr 
lent  uf  the  cell.  A  hyperieotonic  solution  will  cause  the  witbditnlt' 
water,  and  a  hypoisotonic  solution  (he  withdrawal  of  sails.  If  thrwio 
of  the  differeni  suU$  in  the  surrounding  medium  is  not  the  same  u  lli<  i" 
the  cells,  their  ratio  in  the  latter  will  also  be  altered,  .\gain,  whtairiii 
arc  drawn  out  of  the  cell,  certain  of  it.*  salts  will  leave  more  qsickly  ihu 
others.  The  changes  will  be  the  greater,  on  the  whole,  the  more  ihew*- 
position  of  the  surroun<Hng  li(|uid  departs  from  that  of  the  cell. 

Molecular  Concentration  of  the  Blood  and  Tissues.— The  loliliw*- 
cular  concentration  of  the  living  cril.s  i»  nut  accurately  knon.  Il  '^ 
probably  somewhat  higher  than  that  of  the  body-fluids.  The  piw". 
lymph,  and  all  other  body-fluids  (except  urine  and  jeastric  juice)  o'" 
mammals,  depress  the  freezing-point  by  about  0.56  ,  correspoeding  •• 
0.3 j  mol  per  liter.  Relatively  ^ighi  departures  from  this  are  proBW 
injurious.  Its  mainienancc  is  therefore  very  im[>ortaDt.  Actoti'iv'S> 
the  organism  resists  verj'  powerfully  any  attempts  to  alter  its  oemotic  c* 
ccntration.  The  fluirU  of  lower  animals  have  a  somewhat  diOtioil'*', 
centration,  adapted  to  their  environment. 

Protoptastn. — Tho  otmotic  prcMure  of  c«ll»  eao  Dot  be  measured  ditrinit  lilt.  I**  , 
cr)-o«cop>'  uf  Uk  ocgans  give*  unrcUible  rtaull*.    Budincr  juic«9  gtoeiaUy  itp^~ 
frceting. point  tomewhat  more  thnn  docs  blood,  but  this  might  be  due  loclieiDk  dMP^ 
The  protaplasmlc  pmsurc  is  not  solely  oMiiutic,  but  also  due  to  Imbtbitiaai  m"" 
tension,  nnd  ihc  elmlidly  of  Ihc  edl  wall  (Pf«ffer.  1S9J). 

Himun  Blood. — Ttir  cxiicmc  variadont  of  (he  frecriBg-point  in  bMltfa  otM"* 
0.40*  Hiifl  o  it)".  Tbe  malccular  ooDomlrBtlon  ol  the  Mood b  not  altered  by  thcy^ 
lily  of  flui'l  or Mlt  in  the  food'.noT  by  liydrcmu  produced  by  benorriMce:Mrtv*J|^ 
ins  [hi-  liloixj  \,y  pTofusf  di«phort8is.  The  latnvrnoux  inicciioa  ot  anwotoakit"*" 
alien  il  but  tcmpurnrily.  Abuul  llie  ooly  method  of  rabing  It  pennancQlljr  WW"*'* 
intcrfcrinz  with  tii«'  Treating  mcchanitm,  by  tcriously  injuring  the  kidneyt;  M^*r 
il  provM  iKial  wbcn  the  A  appro&chn  a.S'C.  Ilie  Inporuacc  of  oomMrailT^<*P 
(hancn  ia  (lie  concenlralion  is  also  shown  Mrikin^ly  by  the  red  blood  CtrF**^ 
Thi-TC  mcll  in  bypdiotonic.  and  «hrink  (crcoalc)  in  h)-pertoiuc  Mliilion*.  It  thM*'* 
Mdiluinl  (o»bou[  Aol] J,  the  hemoKlobin  begins  lo  leave  (he  cotpinclcstkitttn''^ 
bcint:  (Ii-ttro^ed.  There  i&  reason  lo  believe  that  the  same  holds  lor  tamt  eUiWC»''*| 
thai  ihc  timiii  bclwccn  which  cdli  of  mammnla  con  functkiiMie  at  itl,  inwiBI"* 
between  io.  ij  dnJ  0,6  or  somewhat  higher. 

OBmolic  Giquilibrium  of  Lower  Animals.— The  narrow  limiu  of  miariBiili  tw^ 
ndcrably  extended  in  the  lower  forms  of  life.  With  mariiu  animalt,  up  W  U«  i*J 
chlaiw,  the  molecular  cnnctatrailoa  of  the  body-Quid*  apptowbc*  tb«t  of  sea  ■*'*''*^ 
becomn  independent  only  in  the  Teteosteans.  l>oK-fiMi  arc  inlcriDcdutc  VkMl.  '^KL 
In  the  mariDC  KnimiU,  a  concentration  ccgual  lo  thai  of  Ihe  lenun  of  m««m»l»^*' 
liberate  the  hemnitlihin.  Id  other  words  ihc  re«ii^tanccof  cells  UsoiB*whatld4*^ 
their  normid  environment.  Thi*  rcuitance  b  curiously  devehmed  fai  the  •■■J^ 
Fundulus,  which  thriva  equally  well  in  tea  water  and  in  distilled  water.  It  1*°*^ 
this  case,  to  a  high  degree  ol  impcraieabiUty  to  both  wattr  asd  salts,  so  Ui»t  •■* 
prcuure  can  not  be  developed.  .     ^ 

Svtfl-vottr  anlmalt  have  a  coniuderablc  moUtulor  oaocenttaiion  appwBc>iB|''r 
o(  mammals,  the  salts  being  probably'  retained  by  chemkal  or  phyikai  «faB]['^,^ 
colloids.    The  molecular  conceottauon  uj  ptatri  fukti  is  alsoecnsidefali^  Np*"^ 
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FuKgi  often  have  n  tery  high  reEtilJinct  againal  tarootic  changes,  pre- 
sc  theit  envelopes  are  rclalivdj*  impermeable.     Toiula,  /..[.,  can  dcvelup  in 


Thai  «  w»tfT. 

suinubly  hecausc  1  _  ^    _ 

asaturAte^J  •.jlulion  of  sodium  (t  lilhiumchlorid,  thclatta  havingauoimoticpicuurcof 
a,76Q  atmospfiLTis  (KatiboRki,  igotij. 

^ructural  Changes  Resulting  from  OsmoGis.— With  mosi  cells,  however,  any  clepai- 
lure  from  the  normal  conccntrntion  of  the  liquid  in  wliicii  they  aic  balhcd,  prodticet  the 
structural  changes  "hich  wc  would  cipin.1;  Ihesc  can  be  best  seen  in  monocellular  arsan* 
■sias,  red  or  white  blood  cells,  or  ova:  these  show  shrinkage  or  swelliriK,  tondensation 
or  liqucfaclion,  precipiUlion  or  solution.  These  often  lead  to  even  more  jmjiortatit 
m/truiary  dKompaulioni.  vhich  may  cause  the  cells  to  swell  even  more  Jn  a  hypensotooic 
solution,  than  they  do  in  water  (Sollmann,  1904). 

Osmotic  Changes  in  Reti  Blood  Cells.— Hypertonic  solutions  produce 
crenalion;  if  the  solutions  are  hypotonic  beyond  a  certain  degree,  hemoly- 
sis occurs.  The  cells  swell  and  lost  their  hemoglubin  iind  salts.  In  life, 
these  changes  could  be  produced  only  by  intravenous  injection  of  aniso- 
tonic  solutions. 

SpedQc  Resistance  to  Hemolysis.— This  varies  intliflercnt  species-  With  human 
oocptisclcs  hemolysis  usu.illy  begins  with  o  457  per  cent.  NaCl,  in  neef  with  0.58;  in  the 
horse  with  odS.  These  spt-tilitdiStrcnces  rrrtroiily  to  hemolysis;  the  ownotic  swetllng, 
awtMlvecl  by  the  hematocrite,  being  about  equal  in  the  different  species.  The  specific 
difference  to  water-! nking  b  generally  inverse  to  that  for  taponin-laking  (Rywoneh, 
1907). 

InHuenceof  Diteiue,  £U. — Changes  in  the  resstonce  to  hemolysis  have  been  found  in 
diseased  conditions  (tumors,  etc.).  With  normal  human  corpuscles,  hemolysis  begin* 
in  about  0.457  pt'f  cent.  NaCI.  and  is  tomplcle  in  0.340  per  tcnl,  NaCI;  these  limit* 
being  fairly  constant-  They  are  also  practically  the  airaeinpernicious  and  in  secondary 
anemias.  The  resistance  Is  said  to  be  increased  by  Iherapcullc  doses  of  arsenic  (L.  W. 
HIU.  [gi5). 

Lakini  Powtf  vf  Fiwww  Salli. — Hemolyas  depends  not  only  on  the  concentration, 
but  also  on  the  nature  of  ions,  following  Ihc  usual  tj'nlroplc  xerics.  Hoeber,  1903, 
found  the  hemolysis  least  with  the  SOi  and  Ka  end.  and  muit  with  the  t  and  K  end  of 
this  series.  The  sequence  is  reversed  bv  combination  with  lipolytic  agents,  saponin  or 
hacieiiil  lysins.  The  diftercnces  are  ri-lerablc  In  the  dillercnl  yiirmeabilily  of  the  salts 
and  tu  their  cflects  on  the  cell  membrane. 

tlcmolysis  by  UyperUmic  Soluliom. — This  has  been  investigated  by  C.  C,  Guthrie 
and  Lee,  1914. 

Pennetbility  of  Red  Blood  Cells. — These  are  practically  imiicrmcnblc  to  most  os- 
motic substances.  However,  both  anions  and  catnioos  pass  to  a  slight  demrec,  even 
under  physiologic  conditions  (Hamburger  and  Uubonovic,  1907}^  and  certain  *ub- 
slances  (ammonium  ions,  urea)  pass  very  readily.  In  general,  the  permeability  is 
pmpeirtional  li>  the  llpiiid  nolubilitw.  Ammoniunri  salts  arc  an  eiccption  lor  they  are 
directly  hemolytic;  they  lake  even  when  added  to  isotonic  NaCl  luilulion.  The  per- 
meabUily  to  other  solutes  is  increased  by  combination  with  saponin  and  other  homulyllc 
B£ent».  In  Miumin-laLinu,  an  increased  permeability  of  the  cell  membrane  can  be 
dcmunslrated  aimtly,  before  the  salts  pass  out  uf  the  cell  (Ci.  N.  Stewart;  Woclfcl, 
190B). 

Tbc  permeability  of  the  coipusd,^  (or  Na  and  K  ions  has  been  denied  (Guerber, 
tSpj),  but  has  been  es'ablishcd  by  H.  J.  HaraburKcr,  lycti.  He  also  finds  that  the 
addition,  within  physiologic  limits,  of  COj  to  the  serum  drives  K  ions  Inlii,  and  Na  ions 
out  of  the  corpiisclcs.     NaCl  dii\c5  N'a  in  and  K  out;  and  KCl  docs  the  reverse. 

Preservation  of  Living  Erylhrocytes.^ltlood  cells,  when  suspendeif  in  saline  solu- 
tion die  rather  rapidlj-.  partly  by  mechanical  and  partly  by  chemLcal  injury.  Rous  and 
Turner,  1915,  found  that  the  aiidition  of  gelatin  protects  them  against  the  mechanical 
Injury,  but  not  against  the  chemical.  The  addition  of  glucose  or  saccharose,  on  lb« 
Other  hand,  preserves  them  for  a  long  time,  so  that  they  show  no  morphologic  changes, 
aod  lake  up  and  surrender  oxygen  In  the  normal  mnnncr. 

Selective  Penneability  of  Cell  Membranes. — This  varies  for  each  class 
of  cells,  siinne  being  impermeable  to  one  substance,  some  to  another.  This 
is  doubtless  important  for  maintainins  the  normal  differences  of  composi- 
lion.  It  is  subjrcl  to  changes  with  the  functional  stales  of  the  cell.  The 
permeability  is  often  different  in  one  direction  from  thai  in  the  other. 
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PenHMbtU^  to  IMfferent  Substances.— With  most  living  cells,  lipoid- 
soluble  substances  penetrate  mort-  readily  than  those- which  arc  unly  watci- 
soluble.  The  penetration  is  also  influenced  by  ilic  presence  of  lipofjlk 
agents  (anesthetics).  The  lipoids  of  the  cell  membrane  are  Ibctcfon 
important  elements  in  determining  its  permeability.  'rhe>*  arc  not,  bow- 
ever,  the  only  factor.  The  membrane  h  not  absolutely  iroperrorable  to 
salts;  and  some  substances  penetrate  independently  of  their  lipoid  soId> 
bility.  It  is  generally  assumed  that  the  membrane  is  a  mixture  of  lipoid 
and  protein  colloids,  and  that  both  play  a  part  in  the  penetration. 

When  discussing  the  red  blood  corpuscltn,  il  wiu  slated  tha.1  they  «m  aimoat  blf(^ 
mctiblc  to  most  soils  and  sugars,  but  permenblc  toammoniuin,  urea  and  Upolytk  agnO. 
This  applies  also  to  plant  cells,  in  which  the  plicnomcna  have  been  rk«i  riiRinitfi 
■tudied.  Klebs  anil  di-  Vries./.!..  (mind  thut  slycerin  itnd  urea  do  not  produce  pit*- 
inotysis.  Overton,  lilg;  Rnd  1899,  hn»  iiddcd  many  dnla.  Striped  muMJe  i*  abtt 
nearly  semipcrmuible  (similarlv  tu  a  ci'lluluid  membrane  Ln  which  CaUPO*  to*  bto 
deposited);  while  smooth  mu!»^lc  is  highl};  pcrmsible  to  n)j^  and  salts  (tlciKi,  1411 
and  i9m).  The  changes  of  weight  in  *tripcd  muscle  in  vanoun  condittoas  were  tn«» 
tigatcl  by  J.  Lntb. 

Lipoid  Solubility  as  Condition  for  Entrance.— The  Dumeraui  obwnatioiMOt  Ovtftoa 
and  others  show  no  direct  cclntion  between  rhemic  ccuislilution  and  penteiitStj. 
Tiaiibc,  1867,  bclievtxl  Chat  Ibc  dinereiiccidciH-nd  on  the  size  of  the  molecule;  b«lll»a 
untenable.  L'Hcrmitc.  18.55,  atlribulcd  the  penetration  to  solubility  in  the  cell  om* 
brane.  This  ii  undoubtedl}'  n  pri^retiuisitc  to  abtorpiinn.  Overton  loaad  tk«t  ifl 
lipoid-solublc  «ul)il:tncc»  penetrnic  readily  into  all  cells;  and  IhoM  which  an  M 
lipoid- soluble  prnetrute  with  <lil1iL-ully. 

This  rule,  although  not  absolute,  holds  so  widely,  that  it  muiit  be  a  atnole  piri<* 
nhysiical  phenomenon.  It  it  nol  absolute,  however,  or  nieiabolism  would  be  Imfwwjtfc. 
Nathaniohn,  1004.  therefore  asuumed  that  the  l'fII  membranes  coiuist  o(  a  BMiicrf 
chulesterinand  Dtotoplaim.  Ilovevcr.  this  is  not  a  neccuory  dcd  uctioo ;  f or  Nat  hw*ai 
19^,  and  Ruhland,  ujoi},  showed  that  artificial  liimid  membranes,  wbm  vaknliB 
mier,  become  quite  permeable  to  substances  that  diisolvc  in  water,  evta  if  liie«  "* 
insoluble  in  lipoids;  while  water-free  lipoid  mcmbianct  arc  impermeable  to  tlie  ai'o  ** 
well  as  to  the  solutes. 

CaJciiun  and  mngncfium  phosphates  perhaps  also  play  a  pari  in  xmiperaiealibr* 
but  the  degree  of  impermeability  i&  «>  different  that  they  arc  probalily  luumptfUi* 
(actors  (Meigs,  1915). 

Permeability  for  Alkaloids. — This  is  eajiily  observed  in  plants  by  the  MtdpiUOM 
of  the  tannin  within  the  cells.  Only  the  free  (bai.ic)  alkalirids  pcnetnUc;  tBealkiW™ 
salts  enter  very  much  more  slowly,  namely  in  proportion  ax  they  arc  bTdiolncd.  TUt 
toxicity  is  favored  by  the  additiou  of  alkalies;  this  applies  also  to  M  IM  f(0|  If^ 
Hnr\-cy,  191J,  found  that  cell  membranes  are  readily  permeable  to  weakly  »»o*"" 
alt<il!Ci,  liut  remarkably  rc^ialnnt  to  I  hose  which  arc  strongly  dluoctatcd. 

Abacvption  of  Dves.— Elirlich,  iSS;  and  tSu.i,  found  that  vital  u»inbi(  oocunc^ 
cially  with  basic  (lyes.  Overton,  1^00,  refcrwi  this  to  their  lipoid  solulditf.  ■■■ 
advanced  the  theory  that  all  absorption  occurs  Ihroush  the  lipcuds  oj  the  cell  cnnl^' 
However,  exceptions  ha^'e  been  (]iscovere<l.  Certain  Lipoid-suluUe  dyo  ■>*  ^ 
absorbed:  while  others,  which  are  insoluble  in  fats,  are  ncralnelesa  abaotbabfe.  lam, 
Ashcr  and  Gannus,  loii;  HnriTy,  1^11;  Kile,  191  j;  and  others,  havefomidBltk'*' 
tloo.  Acid  dyes  stain  the  protoplasm  diffusely,  while  baalc  dyea  stain  nailly  tk(<w 
granule*. 

Permeability  of  Internal  Cytoplasm.— Kite,  igij,  has  shown  ihat  aD  portieciW"' 
protoplasmic  cid  lire  more  or  less  semipermeable.  Incised  and  pUBClttred  (''''■-T 
in&tance,  offer  the  some  obstacles  to  the  penetration  of  dve*  as  do  intact  ceUi.  r" 
tate  of  pcnclralion  is  gcncmlly  inversely  proportional  to  tnc  cooceairatioo  o(  tk (••" 
loplasnuc  gel. 

Relation  of  Penetration  to  Funclional  State*.— Asfaer  obortved  thai  ibt  "itil*"^ 
ing  of  gland  cells  is  greatlv  influenced  by  their  functional  activity,  being  iBCW«iwifl| 
pllocarpin  and  dimiiiished  by  atropin,  Teniiieraiure  intlueDcea  the  P*a*'"*5"JJ 
oJant  cells  (v.  Ryssriberiihc.  1001);  CO,  increases  the  permeability  M  ayAf^ 
■  (Hotber,  1904).  The  permeability  is  also  influenced  by  salts  and  nafcoljo. aa<**; 
{•lalion  (Ostcrhoui.  1911;  R,  S,  Lillie,  101  j;  J.Loeb.  IQ13).  Ferlilbuloa  ••  "^ 
Mimulation  iacrcascs  the  pcrmcobility  ol  frog  eggs,  to  that  tbar  iaudifMC<^** 
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ater  rftU  (McGendon,  loi;].  It  Is  probable  that  similar  changes  in  permmbnUy 
are  c->>iintin1  to  Ihe  mettbotUm  of  the  cells  (llncbor). 

The  scmipcrmc^ability  of  t!rlifij:i-tl  mtinbtancs  can  also  be  varied  al  will,  npcclalty 
by  th*  striclly  physical  t'omiilions  of  hyiiralion.  The  pcrmcibilify  of  ci-Uoidin  mem- 
branes.  for  instance,  depends  on  the  degree  to  whicli  tlit^y  arc  dried  before  watei  is 
applied;  the  !c>s  Ihcdrjing,  ihc  g tenter  their  permeability  (Meigs,  1915). 

Influence  o(  Electrolytes  on  Penneability. — J.Loi-baiidCattEll,  1Q15,  observed  tltat 
electrolytes  increase  the  difTusion  of  K  and  II  ions  (Loeb.  1913)  out  of  fundulu.i  ova, 
but  retard  their  tig.'aagefi  into  these  celU.  The  degree  ol  the  effect  U  jmrallKl  lo  (ba 
lyvttopic  scries  m  aniun!>.  They  attribute  the  diiliision  to  combination  of  the  K  or  H 
with  tbe  colloid  anions  of  the  cell  membrane;  this  cnmbimttion  being  diminixhed  by  Ihfi 
TRftw-action  of  esccssive  anions  in  Ihe  &iirrnundin);  <>>ilutii>n. 

Clowes,  tqi6,  finds  that  the  inlluence  of  electrolytes  on  cell  permeability  is  similat 
to  their  effect  on  the  petineability  of  soap  61m6. 

Semi  permeability  Persists  only  During  Life. — It  i&  lost  when  the  cclli  die,  m  that 
dead  te\U  merely  imbibe  ioliitions,  like  ydjlin  or  fibrio.  Acids  aliio  destroy  ihe  Mrcni- 
permeabihiy  (J.  Locb,  1913).  Living  lisiuei  resist  the  entrance  of  all  acid*  (except 
tiiiticyltc).  while  dead  tissues  are  freely  permeable  to  them  (Harvey,  1^14). 

FuDctional  Responses  to  Osmotic  Changes.— Tlic  alterations  in  Ihe 
compo^ilion  of  ihe  cells  entail  corresponding  changes  in  their  functions, 
consisting  in  a  mild  or  strong  stimulation,  often  irrilalive;  passing  into 
depression  and  finally  disorganization  of  the  cell  if  the  changes  have  been 
large.  The  irritant  phase  tends  to  predominate  with  hyperisotonic  solu- 
tions, whilst  hypoisolonic  solutions  tend  more  lo  depression. 

With  unspecialized  cells  the  main  chunges  fall  upon  their  metabolism. 
These  nutritive  changes  are  most  pronounced  in  the  cells  of  lowest  vitality. 
Ait  a  rule,  pathologic  formations  possess  less  resistance  thati  normal  tiv 
sue.  so  that  one  of  the  most  conspicuous  phenomena  of  the  general  salt 
action  U  the  breaking  down  of  pathologic  formations,  no  matter  what  their 
origin,  and  whether  they  are  chemic  or  anatomic.  Other  specialized  tis- 
sues also  respond  by  their  proper  functions:  Abstraction  of  water  from  a 
turve  or  muscle  causes  contraction;  the  unfertilized  eggs  of  certain  marine 
animals  undergo  parthcnogenetic  development,  etc.  (J.  Loeh,  iStjo.  njoi). 

If  a  very  strong  salt  solution  is  injected  directly  into  the  circulation, 
the  main  symptoms  will  arise  from  the  central  nervous  system.  They 
consist  in  stimulation,  with  subsequent  paralysis,  being  similar  to  the 
eSccls  of  asjihyxia. 

Salt  Action  on  PhagocytoMS.— The  sensilivencs*  of  cells  to  small  changes  in  osmotic 
concentration  is  shown  by  the  phagocytic  power  of  leucocytes.  According  lo  H.  Ham- 
burger snd  his  pupils,  190!^  jmd  igio,  the  phug>>cytic  dowlt  Is  decreased  by  very  umall 
cbao^  of  the  oscnolic  concentration  of  the  serum,  such  ns  may  occur  under  physiolopc 
conditions.  All  anii>otonic  solutions  are  injurious,  but  especially  incrciued  concenin- 
tian&.  The  leucocytes  recover  when  the  normal  concent  ration  is  restored.  NaCl 
cauMS  but  little  injury  apart  from  the  osmotic  effect.  Kal  is  more  tonic  than  NaBr.  Of 
other  ions,  a  f^tight  excess  o(  calcium  stimulated,  while  decreased  activity  resuhed  from 
a  larger  eiccH.  and  from  reduction  of  calcium  as  by  iluurids  or  citrates.  Ba  and  Sr  do 
not  tuive  the  stimulant  acliou.  so  that  It  is  not  due  to  valence.  Diminution  of  ibe 
normal  .ilkftlinity  «ia«  dclc'crioiis,  and  to  a  less  decree  al-o  an  c lecssiw  alkalinity. 

Osmotic  Response  of  Muscle. — ^Stiipnl  muscle  is  semipermeable,  smooth  muxle  b 
permeable.  This  dificrcnl  perm  en  bill  ty  is  rejected  in  their  response.  Immernoa  ia 
water,  /.i.,  causes  siripcd  mu«lc  lo  become  rigid  and  to  ihuricn,  smooth  miuck  to 
leDgtheH'  The  effects  are  cuunteniniL-d  by  1  pet  cent.  NaCI  (Meigs,  1913).  Dale, 
191^,  also  found  the  tone  of  smooth  muscle  increa-ted  by  hypo-anddiminiilxdbf  hypct' 
tonic  Ringer's  loluUong.  Slightly  liypcrlonic  °<.ihilioTis  incccuscd  the  mpcoae  to  Ea- 
hibitory  drugs  and  decreased  the  effects  of  stimulunl  ilrugs.  Slightly^  bj-poUnk  *cifat> 
tiotu  h^  the  opposite  ctfecl.  The  muscle  of  Ihe  Venus  agrees  with  noo-sUialed 
muMle.  In  being  permeable  (McIks.  1014). 

FaliiMi  increatct  the  molecular  concentration  ^depression  of  tnemg  P*^0  of 
excised  ukcletal  muiclc  by  jb  per  cent,  by  the  breakint;  down  of  motecnka.    Tlk  deca 
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not  occur  olieB  the  ctrmlatlon  I»  Sntwt,  for  the  dilTercnctn  arc  (lion  eqadlMd  I 
ChKOffc  with  til':  blood  (A.  R.  Moare,  iqiQ). 

Ion  Effects  on  Muscle.— The  immersion  of  muscle  in  variou*  MloliWH 
produces  marked  cfTccU  even  when  osmotic  changes  lire  cuclwied  by 
having  the  solutions  isotonic.  These  must  therefore  be  reientti  lo  ioaj 
actions. 

The  muscles  lengthen  or  shorten;  the  excitability  may  be  i^imniibQ 
or  increased;  spontaneous  rhythmic  conlnictioD»  may  appear; or  tkma»-' 
de  may  develop  "contact  irritability"  so  that  It  will  react  wflini'* 
which  are  ordinarily  im-fTective.    Tiivertchrate  and   mamnuliiil  Biddo 
exhibit  Mmilar  phenomena  if  proper  conditions  arc  maintained. 


ACTIONS  OF  ELECTROLYTES 

Importance  of  Electrolytes.^ — Muscles  soon  lo«e  their  excitability  4 
pletcly  in  solutions  of  non-clcctrolytcs;  but  this  returns  when  ibw  w 
replaced  in  saline  s<iIiiiion«.  A  mt^dium  containing  elet^troiytolsLkN- 
(ore  essential  to  muscular  contraction;  indeed,  any  change  in  tltcioiii(*^ 
duces  alterations  in  the  muscular  functions.  The  differeni  ions  in"*' 
equally  effective.  It  appears  that  the  nature  of  the  calhlou  ii  nKn 
important  than  the  anions.  The  ions  arrange  themselves  in  ibt  fo*' 
lyotropic  series,  the  Na  and  I  end  being  the  moat  favorable,  and  4^^ 
and  citrate  end  being  the  most  unfavorable. 

Toxic  Action  of  Single  Salts. — Immentiun  in  any  wlutioa  of  a  un^le  nit  ilni 
muick  incxdtablc.  but  with  very  different  mindtt}'.     Theae  diUcrcncct  Tdlawllil' 
tropic  «cric*  in  tlic  wrac  sense.  . 

Rhythmic  Contractions  of  Skeletal  Husde.— Tlieae  geoendly  dl<Nlop  Mm  <» 
irritability  U  lott,  when  muscle  U  immcrtcd  in  wlutions  of  a  iloflc  dKttoljFM  IpA 
i^og).  it  a  certain  proportion  of  a  calcium  salt  ii  added,  the  rhythnric  fttfini ■• 
npprirs  acain.  The  ihjrthmic  contraction  of  the  cariiae  muute  or  of  nMoaw  •>  *' 
anpeAmrhcn  calcium  Is  added.  Rhythmic  ContmctibiUty  isntH  ther«(o*e  «  p^t*"' 
chantclcrislic  uf  catdlac  mu«cl«,  hut  ii  Inherent  in  all  muKmlu  tiisuci.  Toi  x*' 
why  the  contraction  of  the  heart  ii  ordinarily  ikrthmic,  and  that  of  »kd>eta!iD«3il'*'*' 
llta  !n  the  fact  that  the  lonn  ii)  the  heart  are  bafanctd  m  as  to  favor  rhylhmk  oaf"' 
tioat.  and  in  the  skeletal  muMrlc  ihey  are  not  «a  balanced. 

Ciliary  and  Mutculor  Movement. — R.  S.  Lillic  (1901)  ban  studied  Ihe rfccttil*'* 
on  the  Ut%'a:  of  a  sra-wunn  (.VicaicoJn),  vhfcJi  cierutta  both  cBIary  and  ■»<»'' 
mowmenii.  He  fuund  tJiai  the  pitseaoe  of  maj^nium  in  (he  tnuttnte  Ea<ranlV(* 
traction  of  the  dUn,  caldum  of  the  muMJet;  potawum  hiaders  both.  Packet  '>*') 
baa  found  that  potoMluin  reverses  the  stroke  of  certain  cUIa. 

Ion  Actions  on  Heart. — These  are  highly  imporiani  10  the  c«*^ 
contractions.  The  excised  hearts  of  cold-blooded  animals  soon  uop  '^ 
beat  when  immersed  in  solutions  of  non-electrolytes  (Carlson);  but  >''!' 
continue  to  contract  rhythmically  for  a  long  time  in  certain  salt  wliiD^' 
Analogous  phenomena  arc  obscr\'cd  in  the  perfusion  of  mamroaliui  b"*** 
The M>lulions  must  contain  \a,  K,  and  Ca  ions;  and  these  mtul  be"* 
fairly  definite  "balanced"  ratio,  as  In  Ringer's  or  Locke's  solutiaa' " 
their  modifications.  Deficiency  or  excess  oi  these  ions  cauK  ttffinC 
ment  of  function  and  arc  equally  fatal.  The  ratio  is  much  more  iBpf 
tant  than  the  absolute  quantity  of  the  ions.  The  aoions  are  ftini*^ 
indifferent. 

Rdle  of  the  Individual  Cathiona. — KaCl  ia  ladi^wiuable  10  the  rhythmic  o«lli<^ 
vl  (111-  lieari;  but  when  |>rr>rnt  alone  it  produce*  tdaution  and  is  finally  btalf^ 
heart  a.''  to  other  tiwucM.  The  addition  of  K  Ions  producn  a  diailolli'  Icd4M^  *r 
Mtanititill.    Ca  and  NftQ  produce  inctcaiMd  systolic  coDtiaction*  tiut  Ihr  dtw" 
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become  iuipeilcct  and  cteGcienl.  Starting  with  a  bilinced  Kingrr's  wlulion,  Kuddcn 
incfMsc  of  K  results  in  slowing  nnd  wcnktning  (often  halving  of  Ihc  rati:),  and  detreaxil 
rxcitabiiily  to  vagus  (.timulution.  and  with  lii|jhi-r  tunccQlratiuiui  in  a.rr»t.  This  may- 
be removed  by  the  injection  of  Cb.  or  by  accelerator  stimulation.  Intreasc  of  t-a  acts 
like  accelerator  stimulation,  resulting  in  increased  eicursians.  prolongation  and  fusion 
o(  systoli's,  and  systolic  standstill.  Ca  h  also  necessary  for  liic  inhibitory  rcipoasc  to 
vagus  stimulation:  but  csccsaive  Ca  concentration  pufalyie*  the  vagus  (Sdiiff;  Cazxula, 
igi  j;  Boehm,  1914).     The  K  or  Cfi  actinns  predominate  when  the  percentage  of  one 

eredominales  altout  three  and  onc-liiilf  limes  over  the  other.  The  ctlecls  of  K-frce 
ingcr's  solution  resemble  ('a  predominance.  Ca-ftec  Ringer's  solution  increases  the 
rate — -i-e.,  the  result  Is  the  opposile  iif  Iv  In  the  presence  ol  Ca.  Deficiency  of  Ca,  K 
or  OH  ions  shortens  the  survival  of  the  heart  (Boc-hrii.  1414). 

Tlioories  of  Caidiac  Ion  Relatioiis.— In  the  light  of  thcie  data  attempts  have  been 
made  tn  assign  delinite  functions  lo  the'  individual  Ions.  Thry  aie  not  very  tatislac- 
lory,  ficcpt  in  that  they  emphasise  that  Ca  und  K  have  opposite  and  complemetitary 
cSects  (Rineer.  xSSii,  Ca  for  promoiing  toniraction  and  K  relaxaliun.  Loeb,  i8m, 
attributed  the  contractions  to  the  Na  ii>ns.  but  requiring  the  preiicnce  of  Ck.  Howell, 
1898  and  t(>o6,  bdievn  that  Ca  is  concerned  in  1l>e  rontrncliun  and  K  and  Nk  in  the 
rdaiatiun;  that  these  ions  enter  alle ma tety  into  relation  with  the  contmctile  ttubHtsnce; 
Ihat  accelerator  stimulation  llbemtcs  Ca  and  vagus  itimulntion  K  ionx.  Martin,  1913, 
oMumcs  with  IIowcll  dial  Ca  proinntos  the  conversion  of  stable  Into  unstable  energv- 
yicldiuit  material;  that  Xa  brings  about  the  actual  dissociation  and  thus  initiates  tni' 
ttent  (Langle);  and  that  K  antaEoniies  both  the  Na  and  Ca.  The  chcmic  conditions 
of  cardiac  activity  are  re%ieH'ed  oy  Tigcistedt,  Erg.  PhvHol.,  11:  lOi). 

Abnormal  Ions. — These  have  been  studied,  e.g.,  by  Lussaiio,  1013.  by  modifyioR  the 
constituents  of  Ringer's  solution.  Sr  and  Ba  can  not  replace  Ca.  but  thelc  effects  cor- 
respond to  those  ol  excessive  Ca.  LI  Is  n<it  toiic,  but  causes  some  o&inotic  slowing. 
Nlli  (.lows,  but  Increases  the  irritability  and  strenBlh. 

Arterial  Muscle. — Prochnow.  1911,  tried  the  replacement  of  NaCt  by  other  anions. 
The  tone  was  raised  by  F>l>Br.  Hatcher,  1906,  tested  the  eicitability  of  the  kidney 
vc«m1s  lo  epincphrin  nnd  fuund  this  preserved  twice  as  long  in  I.ockc's  fluid  minus  glu- 
cose. HA  in  o.g  per  cent.  NaCI.  With  glucuw,  the  excitability  remained  eight  times  as 
long.    The  ability  to  reduce  hemoglobm  behaved  similorly. 

Ion  Actions  on  Nerve.— Nerves  also  lose  their  irritability  in  solutions  of  non^clec- 
ttolyies,  and  recover  in  salts.  The  cathion  series  is  similar  to  rausclc,  but  the  anion 
■erics  is  reversed. 

Tile  reaction  of  motor-nervas  to  electrolytes  hns  also  been  ehowo  to  be  an  additive 
function  of  the  two  ions:  the  aiiions  (alkalies  01  increase  of  valency}  stimulating  the 
sciatic  nerve  of  the  frog,  while  cathions  (adds)  lower  its  irritability  (A,  P,  Mathews, 
lUOi).  This  agrees  with  Ihc  old  obscr>'aUi'n  of  Calv.ani  [confirmed  by  Grandis,  looi), 
thai  the  nerve  is  stimulated  when  It  is  charged  by  induction  with  negative  elcctncily, 
and  depressed  by  a  positive  charge.  Mathews  ajsumes  that  the  stimulation  is  caused 
by  the  precipitation  of  the  (piiailive)  colloids  of  the  nerve  by  the  «nif>ns,  and  virc  ncrsa. 
Thisdcmandsfurthcrproof.tspeeially  before  it  ise.itended  to  other  forms  o(  pro  toplaam. 

Ca  and  K  on  the  KervouB Centers. — Hooker,  iqi,;,  perfused  sotutionsof  these  chlo- 
rfcU  thriiugh  tiie  reipimlory  crnltr  of  frogs,  and  found  that  increase  or  omission  of  K 
from  baUined  i^lotioiis  ptoiluces  depression;  dccrcaw  of  K  causea  stimulation.  With 
Ca,  intreiie  and  omission  produce  stimulation;  diminution  depression.  The  perfused 
ipiaai  cord  of  frogs  gave  similar  results  (Hooker  ond  Reese,  1914).  -As  to  the  perfusion 
M  the  puJulinry  cardiac  ccnlrrs,  picdu  mi  nance  of  Iv  stimulated  the  vagus  and  inhibited 
the  accelerator;  while  predominance  of  Ca  stimulated  the  accelerators  (Hooker.  IU15)- 
Thc  perfused  crnlral  nrrrous  lyslcm  of  mammali  preserves  its  activity  best  with  a  solu- 
tion of  o.Q  per  cent.  NaCI  and  0.05  per  cent.  CaCli.  These  can  not  be  replaced  by  re- 
lated ions,     Kven  traces  of  potassium  are  harmful  (P.  Geriach,  i(ji4). 

Ion  ESeds  on  the  Kidneys. — The  polyuria  and  glycosuria  which  fallow  the  intnlr 
venous  injection  of  large  (|uantities  of  must  soiliutn  salts  (especially  in  slightly  hyper- 
isotonic  wjlulions)  perhaps  also  involve  ion  action;  at  least  (W.  H.  Fischer  and  O.  H. 
Brown,  tgojl  the  addition  of  a  small  proportion  of  CaCli  stops  the  diuresis,  which  may 
then  be  started  again  by  Injccling  sodmra  acetate.  Sror  Basalts  prevent  the glycoiHritt 
wilhoul  alTccting  the  polyuria. 

Sollmann  {igoO  lias  found  that  calcium  also  hinders  the  filtration  of  urine  and 
impedes  tlie  circulation  in  exciscil  kidneys,  while  magnesium  favors  them.  These 
eHe<ts  may  be  referred  to  ion  actions  on  the  renal  protoplasm.  The  effects  of  most 
other  ions  which  were  investigated  In  tbl.s  manner  are  referable  to  osmotic  changes,  due 
to  diflcrcnces  of  penetrability. 

Guthrie,  1910,  claims  that  direct  perfuuon  of  the  kidney  vessels  with  saline  m1u> 
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tiou,  ivcn  (oT  a  itiort  period,  Is  followed  by  hemorrhagic  aad  (l«gcn«rBtivc  tbuftt 
the  kldaeim,  lending  to  uremia  and  death  alter  a  few  weeluor  moath*.    Sinflttxi 


of  ttfjai  duration  M  much  leu  dctrimeatal. 
thcaemulta. 


Carrel  claim*  tbat  he  hu  bM  < 


Balanced  Salt  Ratios. — A  soluiiou  containing  a  single  declrcljle,  > 
matter  vvhal  (hi;  chcmic  nitlure  of  the  latter,  ttt  fatal  lo  all  f onnt (d  lift^ 
The  toxicity  can  be  greatly  lessened  by  the  addition  of  a  Mund  sth. 
Thiii  is  called  the  '*antitoxic  action"  of  ions.  For  jterfect  fnnctioDitieo. 
Kcveral  snits  arc  necessary,  in  a  definite  "balanced"  ratio  (J.  Locfa,  1900) 
Departures  from  this  ratio  modify  the  functions  of  the  cell,  and  latpr 
clianxt^s  are  fatal.  The  mineral  wnslituents  of  cell*  are  ibetetore  a- 
dispensable  to  life.  The  phenomena  are  probably  produced  b)'  oodi- 
fications  in  the  peruieability  of  the  cell  membrane. 

Ions  BfeMntial  (o  Life. — The  following  mIi  ioni^  arc  absolutely  Bcceatary  m  pln>>^ 
K,  Mg,  POt,  COt  (N'*aR(l  CI  are  not  nevctMr>-);  Ca  lo  all  l>ut  the  lonvf  fnociiMiJfa 
Mn  furrow  an  cuentlal  cuiialiluenl  ot  vcicelablo  psidixinic  cnzy tan.  NOi  an  SOi  xt 
u  nuiiicnts. 

Amim^it  require  No,  CI,  COi,  Ca,  K,  Mg,  L  Pc,  PO»,  SO*.  Ii  it  vwj  ia^ 
whether  other  ctetnentd  exi^tIlt8  only  In  tracea  («uch  as  Fi)  ara  ntceMar)',  01  sew 
aecldciilnl. 

The  mictcKhcmic  iavcitigatloax  ot  .\.  B.  MacoUam  (1905)  indkate  1^  ik*' 
tnilylcs  arc  locaIi«ciI  in  ct-rl.im  {Kirlii>Dfi  of  the  cdl  by  lurfnce  tcniJoa. 

Mlnual  Salts  In  riutrltIoa.~M>:C<illum  and  UavU,  1915.  found  ade&aili«'t^ 
ture  in  the  food  to  be  eucntial  to  the  growth  of  rat».  Otbome  and  MokU,  H*ty 
found  that  rati,  fed  on  a  diet  free  fioia  inorRanic  ult*  declined  coatimwiaily  ta  MpL 
and  that  a  very  det'inite  niivtun-  u(  »a1tt>  must  be  supplied.  An  artl£dal  nilBdt  A> 
as  effective  ai  the  ■■proiciottee  milk."  The  lalt  (uQlent  ut  the  nilk  miniVm 
play*  an  important  part  in  the  nutrition  of  bfonts.  Con^'  niilk  i«  oonadeahtf  tP^ 
in  all  the  important  Mits  than  i&  human  milk,  but  tbe  difference  b  ptvtMUy  n*f* 
sated  by  the  better  utilization  of  the  lalti  of  human  miUt. 

Antitoxic  Action'  ol  tona.— .\6  far  n&  known,  no  cdl  cni)  tcmaln  olive  anla(il<* 
laini  wmc  <- let  duly  let.  If  the>c  arc  reduced  txJuw  a  certain  mbllmuD,  Ihedl** 
rapidly.  Itut  in  manycaicsit  dies  even  more  promptly  if  it  upJacediaaylnli'i'* 
taming  l>ut  a  tbgic  clectmlvte.  Thi«  it  the  toxicity  wMch  ma  <leMribtd  b  Aif^ 
cudlnK  pnrutrjplis.  It  would  seem  therefore  that  tetrr^  tktSrMytti,  (m  *  cMUJ*  ■'f- 
tit  fnfui'id  in  ardtr  l^t  the  celt  may  perfprm  ill  fmtfli^ai.  This  was  ciiafenariwl; 
LoehUQoi).  who»howcd  that  the  toxicity  of  on  electrolyte  CBB  be  very  gf«stl/k~~'^ 
by  the  addition  of  another  elrctroljic,  sumctimet  in  very  unall  oruportioe. 
stance,  the  addition  u(  !  j.ono  ">■  CnCli  neutraliies  the  toxic  acuon  ol  Mk 
FunduluE  ova.)  The  actngonii^ni  it  mutual,  at  least  to  some  exlcBt-  Hi 
aropli->  i'i  sniaBonism  arc  fumlihed  by  J,  Ijiteb,  iiit  1. 

Krom  his  observations.  Loeb  at  lint  concluded  that  the  catbiaaa  an 
both  for  the  toxic  and  antitoxic  actions;  and  tliat  cathionn  of  diffcMit  valenqr  oa 
iic  ear-h  other.  The  rslcn*ive  ciperiments  of  .\.  P.  Mathews  (tgoO  moolllf  •J 
theories:  It  would  apui-ur  that  cathions  and  anions  arc  bodi  concerned  fal  Ite  ''^j^ 
antitoxic  action*  (altnough  tlic  cathioiu  are  jimbabty  the  mure  importaoi)^  ^^iT 
the  valen^  has  no  direct  ctmnection  with  cither  the  totk  at  aatitoxic  acliea  J^ 
igi4>.  The  dtroompoMtion- tension  sctm^  lo  be  of  subsidiary  importance  la  '^'rl 
Ionic  nctiun.jind  it  appear*  to  be  neoessary  to  invoke  sevenJ  mecbaai*aai  'm_^^ 
pUnalion. 
■pedflc  ioD  I 

are    parllCUlan^    UAIU^-UA«    4V    U^UVIOJI^C,    V^U    'a   H^lfCVMJKJI    OUtlbUJU^i    i"*^    ■WIH^I  P"^^'   ^ 

icarccly  at  all.  The  optimum  ratio  and  the  degree  of  anluoiiHm  vary  Ivr  d**! 
cUhm  of  cells.  Cloicly  related  ions  sometimes  have  very  different  rllects,  and  (V** 
replace  each  other.    Even  when  the  antagonism  of  two  salts  is  at  its  beat,  i*  "  ^ 

ficrfcct:  it  requires  the  addition  of  one  or  more  further  salts  lo  etubte  tb((«UI'|^ 
orm  il»  functions  properly.  Indeed,  a  tlritlis  morautt  tonJilian  it  mol  rtMkti  ***? 
fell  it  plMrJ  in  a  soMon,  Ikt  eatkiont  «f  viieli  art  vitkin  narrMe  limilt  thl  U^^^ 
laihfly  tnd  jitgiuilatittly  «t  lAow  0/  iu  ntrmat  mn^umiiitft. 

I  The  iBTKi  "anUloslG  actinn,"  ■M'li'4  to  iont.  mcoaa  wcthlaa  vmf  diOMaol  Ma*  It**^ 
turn  whao  it  i*  «B*d  in  ooaatitiea  wiUi  badnial  po««80«. 
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Nature  of  loa  Action.— There  arc  reasons  for  believing  that  the  ion 
actions  are  ejierted  only  on  the  surface  of  the  cell,  especially  by  allering 
the  permeability  of  the  envelope  (plasma  mcmbrnnc);  and  thai  ihc  anti- 
toxic actions  are  alsu  excrte<l  mainly  on  the  permeability. 

The  high  K&istanoe  of  cells  to  the  penetration  of  ion»  nuka  any  internal  effects 
very  improbable.  With  potnssium.  f.i.,  which  in  highly  toxic  to  mundc  celU,  ic  lias 
been  shown  that  it  passes  uetthcr  inlo  nor  out  of  Ihc  cells  (Urano;  FAhr;.  The  rami?  U 
trae  of  calcium  (W.  Sttaub,  19UJ.  The  promplnesi  with  whitli  the  effects  can  Iw 
nmoved  by  ihc  addillon  of  a  second  wll  also  spi-aks  .igainst  abMirption.     It  is  ii'ry 

Srobable  that  the  »nf(le-$alt  soluLiuns  disturb  the  tcminccrnciLbility  <A  the  mtmbiane 
j.  Ixicb,  190J,  1914),  thus  interfering  with  the  mainlcnance  of  llic  elctiric  poit^nlinl 
whicii  (Ittermmcs  irritability.  The  increased  permeability  would  also  produce  ciieniic 
change*  by  jicrmitlins  the  entrance  of  foicixn  ions.  However,  the  mechnnism  it  not 
tJmrt  the  mrici/.i'.  Locb  and  Wastcncys,  1910.  found  that  ihc  immediate  loxlrity  of 
NaCI  (or  sea-urchin  cg^s  is  due  rauinly  to  greatly  increased  oxidnliun;  tind  Warbun>. 
tgio,  found  accordingly  that  the  toxicity  is  diminJihcd  by  the  atlditicm  of  Nn[:>J.  On 
the  other  hand,  the  toxicity  of  NaCl  for  the  neuro-munciilar  mcchaniim  ol  mctiisir  is 
quite  different;  in  these  it  dimliishes  oxidation,  and  cyanid  \i  therefore  nut  antitoxic. 

Plasma  Membraite  and  Electric  Stimulation. ^N emit,  1890,  luggested  that  cbctric 
stimuUtion  changes  Che  ion-<:oRCcntratlan  on  the  iiirface  of  the  temlpcrmeahle  mem- 
brane. Lillie,  igij.  prapoecs  a  similar  theory  for  oerve^onductiua:  The  chaujie  in 
permeability  would  Itseli  set  up  electric  changed,  which  would  stimulate  the  adjacent 
portions  of  the  nerve. 

Hechonism  of  "Antitoxic"'  ActioD.— 0.  N.  Siewati,  iqoj,  »iiRRe*ird  that  The  antaK- 
oni^m  of  sjilli  may  be  explained  in  some  cases  by  alteration  of  permeability,  preventing 
osmotic  changes  ot  the  penetration  of  harmful  ions.  Tin*  has  been  coniirmrd  h>'  J. 
Lorb,  1905,  igii,  and  igi2.  It  is  prohnble  that  K  "loosens"  the  plasma  membrane 
and  thus  atiolishcs  excitability;  and  that  Ca  counteracts  tliis  effect,  Tlie  rcaMinx  for 
Ihcnecessityof  Nannd  Mg  have  not  been  explained. 

Loeb  (1914)  now  believes  that  the  conservation  of  the  plasma  memhranc  requirM 
a  specific  mixture  of  Xn.  K  and  Ca  chtorids:  and  that  any  deiiarture  frutn  this  balanced 
ratio  disturbs  the  membrane.  A  partial  preservation  may  lie  iccurrd  by  subdltutlng 
otber  Ions  with  similar  properties.  The  whole  phenomenon  is  rather  analogoui  to  the 
behavior  of  soap&  (Dowc£.  igi6).  Osterhoijt.  1911,  igii  and  igu,  arrives  at  similar 
conclusions.  He  finds  that  cell  permeability  is  increucd  by  Na,  dccrejvscd  by  Ca,  Sr, 
Hg.  H  (in  the  form  of  chlorids).  In  general,  subitanco  that  Increase  permeability  are 
anUgonittic  to  tha<c  that  decrease  it.     This  applies  aUo  to  non- elect rolytcc. 

Other  taclon  may  conceivably  cottperalc.  such  as  the  electric  and  chemic  chnniies, 
decrease  of  dissociation  (as  in  Tlie  effect  of  citrates  on  Ca;  Sabbatanl.  iqoi).  finally, 
the-anta^onbm  may  be  functional,  for  it  has  been  noticed  thai  calcium  also  antagonixc* 
tone  poisons  which  arc  not  electrolytes  (verntrin.  Rinjicr,  1SIN4;  ph.vsostigmin.  S-  A. 
Mathews  and  O.  H.  Brown,  1904;  cascarn,  MacCalluni.  loot).  nod  to  which  it  ia  opposed 
in  its  functional  elfecls.  Similarly,  masnesium  Is  mutually  antagunUtIc  with  phytiO:;- 
tigmin  (Meltxer). 

Magnesium  and  Caltiim  Antagoiiism. — This  presents  several  special  features.  In- 
crease of  either  Ca  or  Mg  Ions  deprc^Ms  muscle  and  nervous  structures.  Ncverthclcst, 
the  effects  of  Ihc  Mg  may  be  removed  by  addition  of  Ca.  Ca  aJi^o  fintagtinlzes  the  inhibi- 
tory effects  ot  K,  as  well  as  the  stimulant  eSeets  of  Na  (Meltzer  and  Auer,  190S). 
Stioatiura  does  not  take  the  place  of  Ca  in  these  reactions. 

Even  more  complex  relations  have  been  discovered  (Joseph  and  Mcltier,  iijta):  In 
frog^  injection  o(  Mg  into  the  lymph  sac  produces  a  curare  action,  paralj'ring  the 
muscl«-ner^-e  endings,  but  not  the  muscle.  Tlie  exoitnbility  Is  restored  by  Cn.  Per- 
fusion of  Mg  paralyses  the  muscle  as  well  as  the  endhigs.  Ca  has  do  restorative  eflccL 
Na  restores  only  the  muscle:  Na  -I-  Ca  restores  alu>  the  endings. 


"PHYSIOLOGIC"  OR  "NORMAL"  SALINE  SOLDTIOHS  (ARTIFICIAL  SERUMS) 

The  deleterious  effects  of  single-salt  solutions  have  led  to  the  inlro* 

duction  of  aolulion.s  better  adjusted  to   the  physiologic  requirements. 

These  balanced  solutions  arc  necessary  when  experimenting  on  excised 

tissues.     They  ate  less  imporUnt  for  injection:^  into  living  animals,  ia 

«t 
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which  even  »ngIe>saU  solutions  sre  rapidly  adjusted  by  exchange  vitk  I 

tlMUCS. 

ThtM  lolutioiu  have  beea  deviud  partly  ompiricaUy,  partly  l^  inJUiiH  cht  lalb 
of  [he  blood  Mruin  or  ten  water.  Different  tiuuci  often  require  »l^ht  moJfailka)  It 
(ccurc  UicuptimaluflMts.    The  following  are  th«  moat  importaot: 

Uotooic  rIaCI  SdutiODS. — NasM,  1S69,  deUrmiaad  cq>crliBcntally  that  a6  pet  cm 
b  the  beii  conccmrnUon  for  pfc»cr\'lnii  the  LrritnbJIity  of  ftop'  tiMue*.  LiUr,  ii  to 
•bown  thai  this  solution  wai  not  iD<U(Ierenl:  Krua«'k«r  ao'J  Slirlins  obwrvol «mm 
of  tbc  heart:  RiriRcr,  tniiching  t>f  tnuKlc*;  Locke,  contractortu  and  tnciMMd  iifiliUir, 
CanliiW  and  Lodtc,  curan:  action,  etc.  These  cflacis  can  only  be  overoamebf  UiK' 
ing  the  solutioQ  with  oUwr  raits.  However,  the  loluiiaa  is  piinctiadly  bolmt  (lU 
froRMilihiii.AndihcrGforeobviiticoMmoticchansci.  On  the  other  hand,  it  likn«Mlc 
to  mummWiVin  Uoei,  which  tequlrMfibout  o.g  per  cent.  NaCl.  SoiutiaMOf  OA  ti>«t 
per  cent,  are  thereiorc  generally  preferred  tor  mommsli.  Tlic  coticcatcatica  ^  ^ 
U.S.P.  it  0S5  per  cent.  Abel,  however,  found  in  t-ividiJfuHoa  that  a  low  onulln' 
^OD.  about  0.6  per  ceot.  prevented  edema  more  tOcctively. 

It  will  be  recalled  that  the  eiaiCt  composition  is  of  relatively  nndl  impctaoal' 
injectioDt  into  living  animals 
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Ada^lcdlo         Kaa    KCI 


ltta«*r 

noinll. . . . 
Ctafk    . 

CMtbtin,. 

Luclw 

XDKh 

Trrede... 


;  FfVgTa  heart 

PioK'a  haul 
frog'i  h*an 
Prog'i  ho»rt 

MniERulian  hurt 
Manitn4liAn  hurl 

UinmulUn  InUf- 


H«(hni  knd  Pleic  Micnmslt 


AdKr 


Matnnuli 


CaCIt 
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o  01  (drifdl 
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O.OIJ  (CTHUM 

0  oil  (ilntd) 
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o.oi  (drwd) 
».o*(eryiuk) 


•  oiUrftdl 

•  ettayUab) 


KaKCoJ  Oian 


•  01 

•  .I 
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NciTK  j.-^lti  malctnjr  tnluriona  ojntAituitf  NkHCOi.  thU  imul  ba  aiinplfll*lr  4mbJ"^ 
tb*  CaCli  11  kddTd.  .   . 

NoiE  1. — OthtT  »1iitlans  arc  dtioribtd  in  "DiiHli  (rf  CoiMMMa  oa  fhannaivaik 
^  611. 

*  Thu  lofnrr  IC  conuol  ipEvr*  ■  miHV  7m;?id  hairi  nic 

Locks'!  Sohitioo.— Thit  it  iniended  to  be  twd  irttb  a  (tnan  ol  <nmi.  MH 
erWully  dcviwd  for  rhc  mnmcnalian  heart;  but  it  alto  nuuBtaim  tbc  vitalay  ('•'''" 
(Hatcher.  1906},  ami  of  nervous  and  oihei  litsuet  (Hcdon  and  E-lciff,  igoj).  . 

Herliiska,  1910.  found  the  addition  of  utta  >nd  gfyccrin  to  toclce'»  ^^''^^'^l 
for  tbc  excitability  of  the  nervous  mtem  of  fmgs.  Prctunubly  they  influtwevlT! 
meabillty  of  the  lipoids.  BombiaBL  191  j.  fiodb  that  the  f avoraMe  trihct  of  <<!**? 
selachian  heart  is  not  thared  by  related  tubilaQce.  and  theiefon  coMUcn  it  (■'**' 
It  diliHc*  the  perfused  vegadi  ol  Ae  frog  (Hooker,  191 1).  ^. 

S«a  Water. —ThUcuntaini  the  important  ion»  in  about  the MBKniioH(hti>^?^ 
solution;  (.£..  lot  100  molecule*  NaU  there  are  the  laUowIag  nokculM  el  oi>("*" 

KCI  M«C1.  M«SO<         O* 

S»  water 1.1  7.8  j.> 

Ri■lge^Lodce  solutions i-f  .4 

A.  B.  Macalluffl.  1910,  luic^eMed  the  inlcrc»liaR  themy  that  the  oompeii*'*^ 
blood  b  a  survival  of  the  ev^utionar)*  adaplalion  of  aninials  lu  ihcir  urUM'  **^ 
cDviroiuncnt.  .   ^ 

Tht  tampaiUian  oj  im  imMt  U  tomcwhat  diScrcat  in  dtflcretit  ocM»  "  , 
Engliih  channel  it  is  a*  follows: 
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fS&  P»U  br  wtlgln  «apMlii: 

N«n ,j.o 

KCl 0.7S 

MgCI, 37 

MgBri. .     , O.OJ7 

MiSO. J, 3 

CSO, r.i 1.4 

CaCOt o  ej 

lodids.  eU. , trace*. 

American  aiulyKJiaTe  furnished  by  Wheeler,  J«ur.Amer.  Chem.  Soc..  31-646, 1910^ 

The  ftcuing-point  <■(  sea  water  is:  —  }.]g'*C.  at  Naples  (llottaxfi,  18Q7};  —  i.go* 
at  Pacific  (trove,  California;  and  — i.8z°  at  Wood's  Hole,  Mnssachusctli  (Gnrtc}',  1905). 


\ 


I 


OSMOTIC  EXCHANGES  IN  THE  BODT 

General  Statement. — Osmosis  tends  to  operate  within  as  without  the 
body,  so  as  to  bring  all  the  fluids  into  osmotic  equilibrium,  and  if  possible, 
to  establish  an  identical  composition.  It  is,  however,  modified  by  other 
forces.  If  a.  foreign  solution  is  introduced — f.i.,  inio  the  intestines,  or  peri- 
toneal cavity,  or  blood — the  osmotic  forces  will  very  rapidlj'  bring  its  total 
molecular  concentration  to  that  which  is  normal  for  the  tis»;ues.  Thises- 
changc  could  be  effected  either  by  the  passage  of  water;  or  by  the  passage 
of  the  foreign  salts  out  of  the  solution  into  the  tissues;  or  by  the  pas- 
sage of  the  normal  sails  from  the  tissues  into  the  solution.  In  fact,  all 
three  processes  generally  participate,  their  share  var>'ing  according  to  the 
special  permeability  of  the  tissues.  In  general,  ihe  exchange  occurs 
mainly  in  the  direction  which  will  favor  the  normal  physiologic  functions; 
i.e.,  in  the  direction  of  absorpHon. 

When  the  molecular  concentration  of  the  blood  has  been  reached,  there 
remains  less  scope  for  osmotic  exchanges,  and  the  further  absorption  must 
occur  by  other  forces  (61tration,  imbibition,  etc.),  generally  much  more 
slowly.  The  rftle  of  osmosis  in  absorption  1*  therefore  important,  but 
limited.  Its  active  share  in  the  secretion  of  the  body-fluids,  f.i.,  the  urine 
or  lymph  is  normally  small;  it  is  important  mainly  by  setting  limits  to  the 
real  secretory  forces. 

The  RAle  of  Osmosis  in  tlie  Absorption  of  Solutions  from  Serous  Cavities  and  Lymph 
Spaces. — This  absorplion  is  iLlmost  entirdy  pliysiciil.  (or  it  oiuucs  quilts  well  in  dead 
animals,  altiiough  it  is  naiurotly  more  rapid  when  the  drculalion  ix  inUi:!,  bccauw  the 
absorbed  products  arc  then  more  rapidly  removed.  Osinosift  playii »  very  imporUnc  part 
ia  itie  ab»orptioD.  especially  if  the  solutions  are  anisulunli;.  II  a  hypoisotunic  sulullon 
is  introduceil,  osmosis  cnuses  the  rapid  nbsotption  of  water;  with  hyperisotonic  solution*, 
the  volume  of  the  lluid  *ill  lit  tirnt  increase,  until  it  bus  become  e((uimolccular  with  the 
plasma.  \y  this  lime,  huwever,  the  Quid  is  really  by poisu Ionic  to  the  nun-dinusible 
canslitueots  oE  Ihc  fells  and  blood,  so  that  it  would  be  evcnliially  absorlicd,  by  the  oper- 
ation of  osmosis  ahine.  The  osmotic  ali^ofption,  hjt  innlnncc  fn>ni  the  prriti>neum,  is 
quickened  if  (he  bod>'  fluids  are  rendered  hyperusmolic.  a^  by  nephtrctomy.  or  ligation  of 
lie  renal  vessels,  or  indeed  by  operations  gcner.illy,  or  by  eninephrin.  Elherixation 
alaoc  does  not  affect  Ihc  osmotic  iibs<>tplii.in.  t'affein  Icssvnii  il  in  normal  animals,  but 
iacKases  it  after  nephrectomy  (1-leisher  and  L.  Lueb,  lo'o]. 

Ordinarily,  however,  the  osmotic  absorption  is  vcrj'  slow  nttcr  the  solution  has  be- 
come isomolecular;  mid  other  (actors  Intervene  to  hasten  the  pnxcts.  Of  these  fil- 
tnlion  and  imbibilion  are  the  most  important.  The  fittralion  ptt-uarr  \t  lurnished 
cqMKiaUy  by  muscular,  rcspirnlory,  and  peristaltic  movement.    The  intra|>eiilunval 

eNMUK  amounts  to  1  to  aj  mm.  of  water  (H.  Il^meition,  loo?).    It  may  be  increased 
y  mBMn|;e. 
IrMbiiien  in  Abarpiion. — The  term  "imWW/foii"  i»  applied  to  the  familiar  phe- 
nomenon of  the  swrllinii  o^  pirccfi  ol  glue,  eelntin,  agar,  tissues,  and  other  colloid  K^> 
when  these  are  plated  into  solutions  (F.  Hofmeister.  181J0  and  iSgi).     This  ptoceis  it 
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quite  distinct  fram  mirnifis,  nJthough  U>th  may  ukc  pUcc  lide  by  tUe.    IsMUftikl 
|)rohaL>l>'  aoiiluKDU!'  tu  i>i]M>tptioQ.  I 

H»mburgct  niu  khowD  tbnt  when  s  «olutioo  U  (:dace(l  in  a  gelatin cyli«lnj.udMib^ 
immcrwd  lancinulBiiDi-curTcnl  of  ibc  Mmc  tolution,  llicttmsMat  flwdinlkqMi 
pAMO  cnujually  through  the  gclntin  into  the  rirculailait  fluid.    Tbe  phcMWMab 
obviously  analoBoufl  to  the  ab)"jtpti>>n  of  iiotonu:  k'^.-'iont  from  *tt<uu  nMa, ut 
hein  to  expl^Q  the  latter.     llainl>uri;er  coiiiider«  thin  pr-Keb  ui  irnblUtioo  rfKl. 

Many  phniolagii^tx  tonndcr  that  ril^  fartts  alto  coOpentc  in  the  ibicqai*;!** 
posaibilily  uf  ihh  mk  not  l>e  denied;  but  there  b  Kafcdy  any  potltlve  pra«l  ie  la 
mpporti  if  it  playi  any  rAle,  this  niu&t  be  <iuite  lubuditry. 

Abtorftten  offfuttont  vr  terum  jrom  snout  emiiirs:  In  thii,  tbe  (oOtwratlM  (1  *■ 
■oooU  b  aJmost  excluded,  for  thnc  omuin  non-diauhibli:  piotcin  C0Bailu«ali.»»dD 
the  tmuet.  However,  tlie  protcioK  o(  ihn«  lluidi  tvntl  tu  bfcak  down  oimUallr  Iw 
more  diHuitible  m«lccu1c»  (at  fjinwo  by  the  fact  that  exudatea  cenetally  iifim'^ 
(recti nit -piiint  t»n)ei>'hai  mnro  thun  doM  the  bluixl).  Ounoib  Unoreforepbyttpu^ 
but  this  muii  be  relatively  una.!!.  Tlie  cxisteoueuf  proteia*  alto  limiti  the  optttW' 
imbibilJoo,  for  protein!^  are  not  imbibed  b\  rolloidfi.  Thk  leavea  filtntlon ai (>>**■ 
(actor  in  the  abw>ri>tion  of  protein-con taininit  fluids.  The  abaotplkM  d  tlwiB|a* 
ia  ooiuequeiitly  a  much  sloi>>cr  proceu  than  that  of  tail  wlutioas. 

AbsorpiioH  from  lite  A timetilary  Canal. —'Vhii  is  protMibly  one  ddi' 
dependent  upon  forc«s  other  than  the  osmosU  than  is  absorptino  tna 
terous  caviliu. 

rdtMtion  aided  by  the  intrainteftllnal  nrewurc  it  an  inpoitanl  aid  <Haaht(*V 
There  are  alw  oilier  procesaci,  ill-undentood;  Thut  Kan  cxciiwd  and  wrvtvlagltwy 
iiimmcnedinaxolution.apaaMigcofBuid  takei place  ftumlhelumenlotketurfNiH 
fluid,  eveJi  when  the  t<vo  Huiils  are  idcntienl  ;.Cohnhcim.  1899)'  tItMiwV'' WA 
attributes  this  to  imbibitioii.  and  finili  tlial  eM-n  the  dead  latMtfaw  bdUcwWl* 
rotable  in  the  two  dircctinni^  Sodium  iulphnlc,  for  instance,  paaea  muck  IBW><w 
from  the  lumc-n  tu  the  nterior  than  in  iKc  reverse  diioction.  lie  ha*  •''"*•''* 
atrated  a  ''polarity"  of  abiurptiun  in  artilWial  mcmbninck.  In  wbkb  the  tmow^ 
have  a  different  compotltioa.  TbcdiSution  through  excised  in Intioc  b  niaricdl;W 
cnced  by  M.licylali-1  and  lome  other  jubstiinccs(llaiulilc.  nfn).  Tbe  ibMOti** 
ion*  from  tbe  eidwd  inlciCine  hu  been  investigated  bv  BenedKenti,  1906,  asd  at  Hie 
iKr,  igoj.  The  latter  found  the  anion  seriea,  Cl>Br>I>NOi>S0t.  UH** 
subHtuncfs  fshurt  of  tbe  narcotic  concent  ration)  are  alnorbed  more  readily  1'*''*'^ 
lipoid  luilule*.  Fromanologv  with  dyes,  llocbcr  aasu met  that  the  lipd)-tic  "ettttfy 
through  the  ccll»,  aivd  that  the  abaorptioo  n(  non-lipoida  b  conruied  i<i  ibt  inimtaX' 
substance. 

DroUie  and  Vogt,  igto,  showed  that  the  osygen-coaMnnption  of  iha  '''ff?^^ 
iocrcatcd  during  the  abAorption  of  normal  utinc,  vater  and  pcptotu;  Mhitiamh*''' 
log  that  the  <xSa  alw  play  an  active  part  in  the  prootst.  , 

Abierfiiam  Curae. — ifanzlik  and  Sollnuinii  (1000  to  IQij)  bave  (ooad  t'*'!^ 
absorption  of  phenol,  aknhnl,  iodid  and  prrtumably  other  Mbttancci  linni  isU'l'*' 
loopsMlowsaunlfortncurvc,  the  rule  beln^  very  rapid  for  the  fir«t  ten  to  thirty  nj^J^ 
and  then  very  much  domed.  Varioa*  factors  seem  to  be  conceraed  inlhitpie**^'* 
The  rate  of  absorption,  under  ihcM  CondltloDf.  b  not  greatly  influenced  by  thtt*" 
liatEon  of  the  solution  or  by  the  extent  of  the  intestinal  surface. 

Importance  0/  Ostnolic  Exekatieei  intkt  ti^tttine. — Osmosis  hu  at  I'*'' 
It  modifying  influence  on  intestinal  al>»orj>tion.  The  timeduringwbc^t^ 
food  remains  in  the  alimentary  canal  1.4  ample  to  eSect  osmotic  cuiiXl'' 
between  the  inn-stinal  contents  ami  the  Mood.  An  iftolonk  co*!'''''! 
becomes  cstablitihcd  quite  promptly  (but  is  not  comptetcd  in  Ibe  »«••*• 
£.  Otto,  IQ05). 

This  tijualiztUion.  with  the  absorbabfr  sails,  it  mainiy  in  tki  itn^, 
faciiilate  abiorpti-m:  hypcrisolonic  solutions  beiiij?  rendowJ  boio"' 
rather  by  the  absorption  of  s.alt  than  by  tbeiwuringout  of  fluid;  while k*!'*' 
isotonic  solutions  arc  rendered  isotonic  by  the  abMrpiion  of  ihdr  •*"*■ 
(In  ollter  situation.'*  than  the  alimentary  canal,  the  equalization  '^ 
place  more  imiformly  in  both  directions.) 

These  changes  result  in  corre^jHinding  alterations  in  the  cofflp**"*" 
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of  the  cells  of  the  gastric  and  inte^iinal  mucosii,  which  are  therefore  niso 
subjected  to  osmotic  salt  action.  This  causes  irritation.  When  the 
irritation  is  mild,  it  increases  secrerion,  ahsorption.and  peristalsis.     More 

(severe  grades  of  irritaUon,  however,  produce  emcais  and  inflammation. 
Salts  which  are  not  absorbable  by  the  intestine  (cathartic  salts)  are 
reduced  to  isotonic  conditions  by  the  absorption  of  fluid.  This  fluid  is 
retained  in  the  intestine  with  the  salts,  increasing  the  built  and  fluidity  of 
the  intestinal  contents,  and  serving  as  a  mechanical  stimulus  to  peri- 
stalsis.    This  explains  largely  the  cathartic  <fi'eels  of  ihese  salts. 

ifolrtular  Conernlralion  of  Calric  J  uice.~-Cti\ioa,  1915,  (ouod  the  ficczing-poinl 
'.  nur»i«I  huniHn  '">ip|iclite  juice"  bs  —0.5s  to  0.61;  ihkt  of  hunifcr  Juice  as  —0.47  lo 
1.SI.     Similar  results  were  oblained  with  dogs. 

Osmotic  Effects  on  the  Blood  and  Lymph. — ^Pate  of  Salt  Solutions 
Within  the  Body.— ^In  whalever  conceniraiion  an<J  by  whatever  channels 
salts  are  introduced  into  the  body,  they  will  lend  to  inetease  the  quantity 
tfNt>od,  or  rather  of  plasma;  and  to  render  it  more  watery  and  less  viscid; 
in  other  words,  to  produce  hydremic  pklhora.  If  isotonic  or  hypoisotonic 
solutions  are  introduced,  they  will  dilute  the  blood  by  Iheir  own  fluid;  if 
hypertonic  solutions  are  injected,  the  blood  will  draw  fluid  from  the  tissues 
until  it  has  resumed  its  original  concentration.     The  result  will  be  hy- 

Edremia  in  either  case.  If  anisDtonif.  snlulionx  are  introduced,  ihcy  will 
temporarily  alter  the  moleailar  (oncnitralion  of  the  plasma. 
Hoivever,  the  blood  poi%esu-s  a  remarkable  power  of  resuminif  ill:  normal 
eondilion,  its  total  molecular  cottcmtraiion,  ratio  of  IntHvidual  constituents, 
ratio  oj  corpuscles  to  plasma,  and  tidal  quantity  (in  about  this  order).  This 
process  of  restitution  takes  place  very  rapidly;  it  is  far  advanced  before  a 
quick  intravenous  injection  can  be  completed;  the  molecular  concentration 
returns  to  very  near  normal  within  ten  minutes;  the  quantity  of  blood  and 
individual  constituents  are  restored  somewhat  more  slowly;  but  they  arc 
almost  normal  in  half  an  hour;  after  two  hours,  the  blood  presents  only 
very  slight  abnormalities,  even  when  very  large  injections  have  been  made 
(Magnus,  1901;  Sollmann,  1901), 

TliefofciJ  tnoUcttlii'  cmu.enlralii<a  h  the  (it%1  (acdii  tn  be  icsLorol;  ihititftccODipliRhed 
nwinly  hy  tbe  pa^tsascof  the  diseolvnt  mulotulcs:  If  a  hyperhelvitU  lolulion  Is  injected, 
tbc  injected  mcilccules  leave  Ihc  bioiMl  veiy  lapidly.  Other  molecules  leave  more  *lawly, 
•nd  wktci  h  t.tkcn  up  into  the  blood.  A»  so<in  a«  Ihc  norma!  mnleculnr  concern rslloitM 
restored,  the  phenomena  becume  idcnliciil  with  ihusc  fullowiii);  the  injection  ul  isotonic 
(olutions. 

Tf  1  kypnholonic  soliilion  is  Injected,  the  principnl  phenomenon  at  first  is  the  passage 
ol  molctulei  into  the  blood,  the  Injected  molecules  leiivinK  the  plasniH  vcr}'  slowly.     The 
|W«tct  alio  leave*  only  gradually,  i.r.,  mostly  after  the  normal  concentratiott  ha»  been 
nnchcdi  >nd  then  by  the  same  process  as  nith  botonir  itoUitinns. 

ET     If  an  iiahmic  sotutian  of  a  tingle  salt  [sudlum  cbtorid  or  fulphnte)  is  Injected,  both 

WQtt  fluid  and  the  injected  molecules  leave  the  circulation;  the  molecules  somewhat  mors 

Inpidly.     At  the  same  time,  other  molecules  enter  the  cirrulntion.     This  process  con- 

tiauct  {(or  about  two  houi^),  until  the  orlgina]  quantity  of  blood  and  its  original  com- 

podtion  have  been  practically  rotoced. 

I  Mechanism  of  Restoration. — The  reslilulion  of  ihe  blood  consists  in  a 
'process  of  exchange  with  the  remainder  of  the  body.  There  can  be  no 
doubt  that  the  ti.^sues  (especially  the  striated  muscle  cells,  Engels,  1904; 
ijappclli,  1906;  and  the  liver,  Sherrington  and  Copcman,  1893;  Uschinsky, 
M905)  play  the  most  important  rflle  in  the  rapid  exchange  which  we  have 
|B0  far  described. 

Wtlli  intravenous  Injections  of  hypertonic  solutions,  the  m»3cle»  supply  ino«t  of  tht 
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w>ler,  and  uke  up  a  bne  part  of  the  ttiSv,  allhoush  their  wit  pcrccDUxt doMBtlt 
cituc  u  much  at  that  of  »i>in«  other  tUsan  (Wnblitrcn.  looj)}.  Tlie  qiuDtlti'olMl 
ii«l  n(  which  tL'l^u«  can  iIhihisc,  withoiil  sisihlv  chanitr,  U  uuiuihiaj^lr  t'**''  '* 
nbbils.  the  tiKiuo  TTiRy  luke  up  KinKcr'i  Mjtutiuii  amounliag  to  four  ttOMS  Ike  qntfltT 
of  the  blood  (Roi^crt,  UndcihiU  «nd  Mcndd,  1916).  llawevet,  very  luge  isjcdmn 
give  rUc  to  ascites,  effusions,  etc. 

In  addition  to  the  tissues,  the  lymph  and  urine  fltno  and  dO  tkt  m* 
turns  of  Ihf  body  are  atso  incrcastd;  and  to  thtni  (iills  the  lask  of  finDjr 
removing  the  injected  substances  from  the  tissues  out  of  the  body.  Tie 
liisucs  %ct  the  part  of  elastic  rc««:rvoir^,  as  it  were,  quickly  rrlirvingtk 
Mood  of  the  disturbing  element,  to  again  give  up  the  abnormal  subtlum 
as  rapidly  as  they  can  be  removed  by  the  more  stowly  ftctiAg 
meehanisms. 

Physical  processes,  notablv  osmo<us  and  filtration,  play  a  very  in 
tant  part  in  the  exchange  with  the  tissues,  and  in  the  increased )) 
flow.     Indeed,  it  is  scarcely  necessary  to  invoke  any  vital  tne^uiiml 
their  explanation. 

C«ndlUons  DclBjring  the  Rcetoration  of  the  Blood 'Voltim«. — Bufcen.  t/mkiUl  iW 
Metulcl.  t'i\(>.  lunlirm  [liul  in  normal  dogii  iuid  iitbbiti,  the  btood-vofaae  ntw*  I* 
nornriBl  wilbin  half  nn  h'lur  after  the  inuavccoui  inieclion  of  w»mi  RiBpi'lM 
equivalent  to  tin-  l.Hiil  bL-xi-vr-Iumc.  This  li  dclnycd  by  morphin,  ud  ^  aqWIa 
(uranium,  chrotiuile  or  tar[rali.-l,bul  not  by  lleatiunuf  the  kidney  venaeb.  "nttoU^ 
lion  ii'  not  attecled  by  the  ^uldition  of  0.4  per  cent  loilium  caibonale,  eithaia  «•<■>' 
or  in  nephritic  animnU.  Gdutin  Milu1i')ii«  (i  pen-cut.)  may  leave  the  blood  unfiAt 
■a plain Mdine.  a.1th(>u):h  moti'  comnionly  from  1 1  In  77  wr  cent,  arc  itill  ptOCBl  ■!* 
blood  after  half  an  hour.  The  Rclatin  Icjvw  the  blood  in  the  Mine  ratw  at  I*" 
(Boycott,  1014)  and  Is  partly  excreted  in  the  urine. 

Salt-actioas  on  the  Urine,— The  h)'dremic  plethora  nsulls  in 
Crea.scd  elimination  of  urine.  The  excretion  of  water  and  the  ii 
substance  is  especially  increased.  The  nlhKr  unnary  constituents  tie  r^ 
erally  detreascd.  as  concerns  their  percentage;  although  their  »b»l<* 
quantity  may  be  increased.  (The  saline  diuresis  wotil4  therefore  (<>■*' 
in  a  "flushing  of  the  body.") 

The  diuretic  action  of  »allnc  tolutions  'a  largely  pbytical,  and  cu  bt  n^n^"' 
point  for  point  in  fiend  kidne>'«  (Sollniann,  190J  to  1905)  tcicept  tbc  effect  ob  tte  a* 
patftion  of  the  urine).  It  is  ciulainiil  by  the  hydremic  ;>lcth<irs:  the  incrcticd(l»'|^ 
ular  [iraMute,  and  the  IcMcnnI  viHidity  of  tlie  blood.  Thii  b  aided,  n  tko*^ 
byperiaotonic  »olutioru,  by  the  ilcliydrntion  and  thrinkage  of  the  renal  CcUa.  St  ^^ 
pTOcetsn  favor  Rlotncntlar  fillrjiiion.  ._j_ 

The  physical  element  in  the  diureMt  is  especially  cooHiknoiu  in  the  eartj  f**** 
of  tlic  diureut,  nlica  the  changes  in  the  blood  arc  rdativcfy  large. 

It  liat  been  obwtvcd,  liowcvrr.  that  lite  urinary  cfaaogcb  may  pcnist,  ioaiU^'^ 
gree,  after  the  blood  has  apparently  returned  to  nornaL  Tbia  MiggeUa  tiM  Wtf**''? 
of  a  vital  ttimulatinn,  produced  by  the  (vcr>-  iJightly)  altered  coBipoatlop  of  IM  (■'' 

The  tenttnlralhii  of  Iht  wine  vorict  with  the  conccutrallon  ul  tne  M>l«tli]a  ■Bt*" 
been  introduced;  it  may  (all  as  low  ai  ie.u,  or  ri«cai  high  a>  .Ij.o'C-  On  tbt  ^"f^ 
ihc  conipoMtion  of  the  urine  a|^ro>acbci  the  more  clo«cly  to  that  of  the  blood.  Lk  fi^ 
the  diurc*i». 

The  Jrptr  of  diuresis  (the  total  quantity  eKt-rted)  depends  lan«ly  on  tta  qMW 
of  tolution  (both  of  the  ditMlved  suCKlancc  and  ol  the  a-ater)  whicb  lia»  ^***j'f?i 
duccd:  but  the  raft  of  diuretia  ((he  quantity  excreted  wit  hin  a  abort  time  after  cajK"*^ 
dqienOS  largely  on  the  eonccntraliun  ol  the  lolutkin.  if  this  b  given  IntiaMO^ 
(water,  which  ii  10  slrongl/  diuretic  when  taken  by  mouth,  may  diniaub  tt(  **''' 
triicn  injected  by  a  vein). 

Fischer  and  Sykes,  n)i^.  claim  that  the  diurctk  eflect  of  ialravcDMia  wMMfr^ 
lioni  is  proportional  to  their  deb  yd  rating  action  (incoOoid*  (fibrin).  Tbb  WBaM**^ 
the  afilnily  of  the  liMuet  tut  water,  and  would  llicrrfoic  place  a  Uiger  [[vaatitf  ■! ^ 
Bt  the  dispoMil  ol  Ihc  kidDc>-i.  It  aay  be  an  addilioou  factor  in  alioe  dknA  " 
re(|uirM  further  cori^tnialion. 
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In  Ihe  ordinary  lecrelion  of  urine,  osmosis  appeart  to  be  an  obstuciv,  ratbet  than  la 
aidi  [or  the  molccuinc  concent  ration  ai  urine  diucn  quite  widely  from  thut  of  the  blood 
(^  laint.  ordinarily.  0,9  la  i.i;  txirtmes.  a,  11  lo  3.0;  S  btuuU,  0.3$  to  0.60);  and  the  lud- 
ncy  hns  lo  nerform  a.  very  ccuisidcmblc  labor  to  overcome  the  dilfcrcnce  fa  osmotic 
pressure.     However,  this  wL>rk  seems  t"  !jf  !□  no  way  injiiriou',. 

Work  Performed  in  Urine-fonnation. — This  cannot  be  talculatcd  dir«:lly  from  the 
totkl  niuleciiUr  ci'iueniralioti,  since  the  departure  at  every  coniititutcnt  from  its  con* 
centratiun  in  the  bloud  rcuuins  work.  BarcroU  nod  hia  coworkers  hnvc  investisated 
the  problem  qualilalii'cly  by  the  increase  of  oxygen  coDitumption  which  aucumpiinies 
vork.  Tliey  found  that  Che  diurc&i&  following  the  injection  of  isotonic  •Alutions  diics 
not  involve  work;  but  that  the  o\}'gen  consumption  increases  wlitn  h)T>crtonic  urines 
are  lecreted  in  icspcm^e  to  sulphate  injection.     Caflcinc  diuroi*  nlso  involved  work, 

Ljrniph  Formation. — This  is  incrensed  by  the  hydremic  plethora;  but  beyond  this, 
osmo^  can  phy  uuly  a  rt'sulutin);  lOle.  The  hj-dremic  pirlhorii  would  iucrcABG  the 
filtntion  pressure.  This  probably  playg  a  larj-e  |>art  in  the  incteastd  lymph  (omuitioin, 
mlUiou^h  filtralinn  doea  not  seem  to  be  nn  adequate  cxpknatiim  of  tutrmat  lymph 
fomutioil  (Cailfon  and  pupils,  190H;  Roehin  and  Asher,  i<)og). 

Asher,  1913,  points  out  that  filtration  can  not  be  an  important  factor  in  the  secretion 
of  talha,  Tuieat  and  hiU,  since  the  secretion  pressure  exceeds  the  blood  pressure.  The 
physical -chemical  conditions  of  salivary  secretion  have  been  invcsligalcd  by  JapelU, 
t9o6',  those  of  tears  and  coUyria  by  Ccrranu,  lyog. 

Edema. — Salt  action,  osmosis,  and  colloid  imbibition  are  important 
factors  in  edema,  i.e.,  the  excessive  accumulation  and  retention  of  fluid 
within  and  between  the  cells. 

The  edema  fluid  is  antilogous  to  lymph,  and  may  therefore  be  Increased  by  the  same 
agencies  which  increase  lymph  flow:  hydremic  plethora;  lymphaKOEuei  of  the  "second 
cuss"  (peptones,  etc.);  increased  blood  pressure;  venous  obitruction;  injury  to  the  vas- 
cular endothelium,  etc.  However,  for  tJie  retention  of  fluid  it  is  lurllitr  netcstury  tlial 
the  draimii;e  ol  the  Ijmph  be  obstructed;  or  tlial  there  be  an  increased  aflinity  of  the 
tissues  (or  colloids)  fur  fluid.  In  fact,  the  cooperntion  of  several  of  these  farlors  a 
generally  nctessaty  (or  the  pioductiun  of  noticcnble  edemii.  Eiyicrinienlal  edem.vi, 
resembling  the  clinical,  require  the  simultaneous  presence  of  nephritis,  hydremic  pleth- 
iiTB  and  vaicular  injury  (Pearce,  t^og).  Entenaivc  intravenous  injo'tion^  ul  salt  solu- 
tions produce  ascites  and  edema  of  the  internal  organs,  but  not  ol  the  normal  skin  or 
subcutaneous  tissue.  To  cHecl  these,  the  skin  must  he  irritated  (Cohnheim  and  Lich- 
theim,  1877);  or  the  vessels  injured,  as  by  arsenic  (Magnus)  or  uranium. 

Normal  Vari(iiit>ru  ef  the  iV-ilcr  Content  of  Tiuun, — Tiiese  depend  mainly  on  age 
and  nuitilion.  The  average  wafer  of  human  lissuei!  decreases  from  94  per  cent,  in  the 
three- month  fetus,  10(19  to  no  per  cent,  at  biilh,  and  <;)i  per  cent,  in  adults.  It  is  liiKhct 
in  emaciation,  varybg  inversely  to  the  fnt  (.Mbu  and  Neiiberg.  1906). 

Salliand  £<f«M  a.  ^Effusions  of  a  molecular  concentration  inferior  to  that  of  the  blood 
would  be  promptly  absorbed;  or  rather,  they  could  not  be  formed.  Since  they,  like 
other  body  fluids,  owe  their  concentration  mainly  to  their  content  of  sodium  ehiorid, 
it  is  evident  that  a  dcliciency  of  tlii.s  salt  in  the  botly  will  tend  lu  lessen  the  production 
of  effusions,  -ind  hnslcn  their  absorption.  This  h  the  mlional  basis  of  the  treatment  of 
nephritic  edemas  by  withholding  salt  from  the  food  (advocated  by  Wldal  and  Juval, 
looj)-  The  treatment  is  not  always  entirely  successful  (Bliwkcr,  1009),  for  the  salt  may 
not  be  the  cause  of  the  edemas,  but  only  a  inctor  in  their  production.  It  is  believed, 
however,  that  an  actual  salt  retention  occurs  in  Kome  types  of  nephrllis  {especially 
chronic  interstitial)  and  other  conditions  (Magnus  Levy,  tgto),  owing  to  dimini.thcd 
permeability  of  the  kidney  to  salts.  These  would  be  moat  invorlibly  affected  by  salt- 
withdrawal.  In  other  cases,  the  effusions  are  removed  more  effectively  by  administer- 
ing salts,  through  their  diuretic  action.  Actual  trial  alone  can  decide  which  form  of 
treatment  is  needed  in  a  given  patient.  The  salt-poor  diets  arc  discussed  under  "So- 
dium Chlotid." 

Colloids  and  Edema.^Mmia  Fischer  (igoS  to  1915)  believes  that  the 
circulalion  has  little  if  any  direct  connection  with  edema;  but  that  this  is 
due  practically  entirely  to  changes  in  the  affinity  of  the  tissue  colloids  for 
water  and  ^ts,  and  strictly  analogous  to  the  swelling  of  gelatin  or  fibrin. 

This  is  modified  to  a  varying  degree  by  electrolytes  ;  not  by  non*eleclrolylcs.  It 
Is  especially  increased  by  ands;  and  the  productiun  or  accumulation  of  acid,  includina 
COi  to  innammation,  venous  ttasifr,  etc,  voidd  therefore  be  the  principal  cause  of 
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edema  (and  the  conomiunt  ult  retentioD),  and  incidentally  of  nepfaritb.  Fifcbcr 
is  al&o  inclined  to  deny  that  OCmo«U  li.-u  nny  |iiLtI  in  Iboc  0€  othet  vital  pbenonui; 
and  to  refer  tu  imbibiiion  all  the  pheaomcnu  whicti  arc  ^oerally  claswd  U  otaotk. 

The  influence  of  acids  and  electrolyles  on  imbibitioa  can  not  be 
doubted.  It  is  therefore  very  probable  that  imbibition  i>lays  an  in^r- 
tant  rfllc  along  with  olber  factors;  but  serious  objections  have  been  rami 
to  some  of  Fischer's  ex|>erimenlA  and  de<luctions.  It  would  require  muck 
stronger  evidence  to  place  such  sweeping  statements  on  a  firm  (oundat 

Futcher'i  theory  faiU  lo  cxplaJn  the  vlosr  resemblance  of  wme  of  Uie  rital  and  ' 
nary  otmotic  phenomena;  /./.,  the  equivalent  effects  of  i«otonic  Kolutiont;  the  icn , 
meabOity  of  blood  cclliiand  striped  mii»r1e,  elc.i  ihcfaet  that  ibeM  pbcDOOMiia  aicl 
modified  leriuu&Iy  by  llie  addtlion  of  gcctulin  ur  serum  (Beutner,  iqij),  etc-  Thtl 
sorptionof  water  bv  the  iJcin  of  the  fnig  IK  shown  bvMnxwell.  191  j.  to  be  mainly  oiattic: 
Beulntr.  tijij,  and  Monre,  lyis,  point  out  tho  d me rences  between  nunoucaiwl  <«Ib1 
swcltinK  <i[  musdc  J.  Lueb.  igi^i.  brtivvei  liial  the  osmotic  f  rnrninrii  ptedoBuoate m 
gtcally  during  life  that  imbibition  doci  not  become  important  untS  tlte  1 
of  llic  cell  hii  been  (U'Stroyed  by  death. 

Tbe  increaif  0/  free  urid,  on  wbich  l-lschei  batci  hLs  thcor>'  of  edema  and  1 
is  on!)'  hypothetical.  Ilendcrion  a.iid  pupils,  1414.  emphasize  thai  tcotknc^ 
acidity  in  the  nrganiitm  is  not  usually  accompanied  b)'  cdemai  while  the  acidity  oflbe 
urine  has  no  relation  tu  albuminuria^  or  ncfihrtti^.  Thrte  k  no  direct  evldcacc  th*ltk 
free  acidity  is  ever  iniTeased  to  an  effective  dearec  during  life  (Goodridge  aad  GiB. 
1911J.  Koppcl,  iQij,  nnd  L.  J.  Henderson,  Palmer  and  Nrwburgh,  1914.  poioti 
that  the  range  of  variation  of  H'iuiKoBcenttsIiaii.  even  Id  the  urine,  don  not  *i 
colloid  imbibition.  Even  if  it  were  granted  that  this  may  ocvur  in  some  ums,  ibocl 
no  evidence  that  it  is  a  universal  or  important  phenomena;  nor  would  tbe  rtnlb  •/ 
such  acidity  be  uniform;  fur  PincusHuhn,  ioii>  found  that  acids,  irhOe  th^  iDcnaac 
the  imbibiiion  of  gelHtin  and  muscle,  leucn  that  uf  kidne)-t,  liver,  9{ikea  aaJ  ka(. 
Hirschfelder,  1916,  hnds,  that  the  conjunctiva  in  mustard  edema  i«not  acid;  nor  docs  llie 
cxciu'd  eyelid  or  cunjunclivu  swell  in  acid  Kingct'i  fluid.  Incidenlally.  there  ate  ■(■•• 
dc;  other  than  acids  which  tnlluence  imbibition. /.  1.,  proteoK^ (Tracy  and  Gies-iaut- 
'fhe  etfecls  ol  iti(1tinLmutii>n  may  alio  be  eiplainable  on  an  entierfy  diStnal  tttM> 
Oswald.  I9!t,  found  that  inflacncd  tells  become  permeable  to  colloid*  (pnCdM),» 
pecially  in  acute  intlammation.  He  explains  this  by  increaKd  "Quclhuigr  of  ike  (4 
membrane. 

The  practical  application  ol  Fischer'*  theoriM  to  glaucoina  and  twpliiitis,  haap'v 
results  so  discordant  that  they  ate  certainly  not  support*  of  the  tlieory. 
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Geoeral  Statement. — A  number  of  soils  ure  not  absorbed  readfly  from 
the  alimentary  canal.  These  therefore  do  not  produce  any  mufctd 
direct  systemic  actions,  urdess  they  are  injected  into  the  dreuiatiMb 
When  they  arc  given  by  the  mouth,  their  direct  action  is  confined  lo  Ae 
intestine;  they  cause  catharsis  with  soft  or  fluid,  painless  stools.  T%rDe^ 
the  catharsis  they  may  produce,  indirectly,  a  dr^Hng  <A  the  tissue)  smI  a 
slight  increase  of  gaseous  metabolism.  The  cathartic  action  is  BainijF 
the  result  of  the  retention  of  fluid  In  the  intestine  by  the  osmotic  action  a 
the  unabsorbed  salt,  for  this  must  retain  sufficient  fluid  to  prcsem  itrf 
isotonic  with  tbe  blood  (W.illace  and  Cuxhny,  i8qS).  It  i»  poanbleitel 
this  action  is  siipporlcd  by  a  direct  stimulant  effect  of  the  salt  tons. 

Difficultly  Absorbable  Ions. — ^The  most  important  cathartic  ion*  art: 
of  the  cathions,  Mg;  of  the  inorganic  anions,  s6i  and  POt;  of  the  o*j«*. 
tartrates,  citrates,  lactates  and  malate*.  Certain  sugars,  partiiiiWT 
milk-sugar,  and  mannitc.  also  act  as  cathartics  in  the  same  way, 

^JaD>'  other  solutes  are  ditTiculcly  ab-iorbable  and  wouM  therefa«c  Iwlnnt  U  '^ 
b;  but  thone  named  arc  the  principal  ones  empla>-cd  in  ptmcticc.    The  allHn  ^ 
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tvc  tome  interfering  tictare:  The  hnisiy  mrtals  and  alum  produce  a  prtcipit&llon 
biB,  and  in  Ilm  way  an  imtnnl  ot  astringent  effect.     The  earthy  mctnlf^,  Co.  Sr, 

Ba^  arc  ciuivened  into  insoluble  carb<inftic&.     Oxalates  and  Fluorids  &te  specifically 

toxic  to  proloplasm. 

Easi^  Absorbable  Ions,^Of  the  Calfnotis,  ammonium  is  ihe  most 
reatiily  absorbed;  ihen  cume  the  alkali  mclal.i.  The  carihy  meuls  arc 
not  easily  absorbable.  Of  the  .1  niotis,  lh«  chlorids,  bromids,  iodids, 
nitrates  and  acetates  arc  rapidly  absorbed. 

Cause  of  DiSereat  AbsorbabiUtr. — Why  certain  iaiut  should  be  capable  of  absorp- 
tion, others  not,  can  not  be  satisfactorily  ennlnined.  Althniigh  recent  invctliKfillOD* 
hai-e  shown  some  striking  analogies  between  the  absorption  of  ions  by  (he  intestine  and 
by  muscle,  and  the  solubility  of  their  soaps  and  calcium  salts,  it  h  nut  yel  clear  whether 
tbis  k  a  miTc  coincidence  or  has  a  deeper  nieiining. 

Osmotic  Factor  in  Cathartic  Action. — Poiseuille,  i8i8,  invoked  osmosis  to  explain 
the  cathartic  effect,  not  only  of  the  salts,  but  also  of  the  vegclablc  purgatives.  This 
was  mainly  hypoLhelicaliand  Aubcrt,  1851,  showed  that  there  is  no  direct  ratio  between 
the  osmotic  and  purgative  strength  ot  the  diilcient  sails  (since  the  absorbability  was 
not  taken  into  accounl).  Ruchhcim,  18^4,  claimed  that  the  increased  water  in  saline 
Catharua  comCA  from  the  alimentary  cannl,  und  not  from  the  blood.  Colin,  1854, 
•howed  Uut  concentmled  solutions  of  cathartic  salts  increos:  in  volume  when  placed 
in  an  intestinal  loop.  It  wa«  clear  therefore  that  the  salts  could  cither  attract  or  hold 
wsler  in  the  intestines.  Wallace  and  Cushny.  iS'jS,  demontlraltd  Conclusively  that 
saline  solutions  placed  in  Ihe  intestines  become  and  remain  isotonic  with  the  Blond; 
and  that  therefore  the  amount  of  fluid  held  in  the  intestines  depends  strictly  on  the 
amount  of  salt  which  remains  unnbtturbed. 

Conditions  of  Ab^orpiion. — None  of  the  cathiirlic  salts  arc  altogether 
unabsorbable ;  their  absorption  is  favored  and  their  cathartic  action 
correspondingly  lessened,  if  they  remain  for  a  long  time  in  the  iilimcntary 
canal.  This  is  apt  to  occur  if  the  tissues  are  very  dry.  The  rale  of  ab- 
sorption depends  also  on  the  concenlraiion  of  ihe  salt:  Concentrated  solu- 
tions are  generally  absorbed  more  readily  than  dilute.  This  is  one  cause 
of  the  somewhat  different  activity  of  dilute  and  strong  solutions. 

The  effect  of  concentration  on  absorption  hoa  been  studied  by  Merck,  1906:  Wdse, 
IQIti  and  Cobet,  1913.  Wei^c  showed  that  Ihe  sulphates  become  isotonic  within  hall 
an  faoux.  The  sulphate  ion  is  absorbed  in  Ihe  same  prD[K)Ttiou  from  Nag  ami  MeSOt. 
The  percentage  of  Mg  absorbcil  increases  with  the  dose.  The  upper  and  lower  intes- 
tines do  not  show  cracniial  dirTerences, 

Matthew  Hay,  tS8],  found  Ihe  cathartic  action  of  salts  less  extensive  if  the  income 
of  Buid  h  reitricted;  and  that  the  activity  is  not  increased  by  the  injection  of  water 
into  the  blood. 

Source  of  the  Fluid  in  the  Stools. — The  •>rdin;iry  ingCNlion  of  walcrand 
the  quantity  of  fluid  normally  secreted  into  the  intestines  (perhaps  4 
liters  daily)  would  suffice  to  maintain  the  salts  isotonic;  and  these  are  prob- 
ably the  chief  source  of  the  water  of  the  stools.  Should  these  be  insufB- 
deai,  cspeciallj'  if  the  salts  are  given  in  strong  solutions,  fiuid  could  be 
withdrawn  by  osmosis  directly  from  ihe  mucous  membrane,  and  hence 
from  the  blood.     Ordinarily,  however,  this  plays  only  a  small  part. 

Passage  ThTou^h  Intestines. — Tliis  is  hastened  by  the  ji:reater  fluidity 
of  the  stools;  but  the  cathartic  salts  do  not  increase  peristalsis  directly 
(LegTQS,  1869;  Hay,  1883). 

Studies  with  the  X-ray  method  (Padtbcrg.  i90g)sliowtIu(tMgSOt  delays  the  empty- 
ing ot  the  stomach,  but  hastens  ihc  passage  through  tht  intt-slines.  lo  that  the  solution 
arrivev  in  the  colon  in  one  and  onc-hnlf  to  two  hours.  The  colon  antipcristaUis  is  not 
inhibited;  but  it  does  not  lead  lo  the  conccnitalion  of  the  toiiicnis,  l>erause  of  the  os- 
motic telcnlion.  The  tccal  mailers  in  Ihc  colon  .arc  Ihervfore  rendered  mote  fluid, 
and  this  hastens  their  expulsion.  The  saline  catharsis  is  not  checked  by  murphiD, 
unless  this  is  timed  so  as  to  secure  gastric  retention  of  the  salts. 
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Other  Theories.— Tn  plare  of  (wmosi*.  a  numlicr  of  oihtr  faciorti 
been  .su;;j{e>ic(l,  such  as  infUimmulorj'  iriiiaiion,  stimutatton  of  inie 
secretion,  and  muscular  stimulalion  hy  o^motus.  ion  action,  nt  bf  ibc 
wilhdrawal  of  calcium.     None  of  these  rest  on  adequate  cvidtnct.uij 
they  probably  play  at  moat  a  minor  part. 

SecretionTheory.— ThlB  wasfttlLerwIwpeilally  by  M.  nay.  iSSj,  whoilidc 
cx^rrimcnlit  work  on  tbc  oUmrlks.  )k  belkv^  Uul  the  ull*  (Kite  a  wcMiOK, 
tluiil  iiiio  the  intestines,  which  i»  jiArlly  balanced  by  abaorplion.  Howtvcr,  kfa npHV 
mental  rpiulti  are  exulaiimblL-  mor«  sin)|ily  oo  the  buU  al  Mtno«i«. 

Ilridlnnd.  i8o;,  believed  Ihnt  the  talis  arc  lir»t  abwibrd  hut  rcCicniod  iiUbi 
intirMiniM.  and  that  thtj'  Hlifnulate  tiocrelion  Aut'iag  Ihflr  cliininatiun;  bal  TUry,  dHi 
had  found  nu  wcretion  m  hU  fiiiula.  The  th«or)'  of  Carl  Schmidt,  iSjo,  (hM  at  Ul 
b  a  UalUutiiLlc,  i»  vrilhout  fnundntion. 

Brodle,  Cultis  ajui  Halliburtun,  kjio,  ahuncd  thai  tlic  oayitn  couMnBtiM il  iW 
inldtine*  i*  not  increased  by  hypertonic  nasnenutn  sulphate,  «o  that  ttsdUHlkawrt 
be  n  purely  phyucal  process. 

Intravenous  and  Hypodeimic  Injection, — It  has  been  claimed  by  ttnnl 
((bscrvcr*  that  the  caihiirtic  salts  stimulate  pertsuUU  even  when  ikj;«c 
administered  parcntcrally.  This  has  been  taken  as  cvideocc  ol  dnft 
stimulation  of  the  intestinal  tnu.'iclcs.  Howe%Tr,  thcMc  observatioiB M* 
to  have  been  based  on  experimental  errors-,  and  even  if  txuc,  UwvtNU 
not  explain  the  ordinary  cathartic  eSect,  ^nce  this  does  not  invwKUT 
marked  incrrase  of  peristalsis. 

Eiperiroental  Data  on  Paxentecal  Adaunistnitioa. — Calhani«  wm  nptflrf  Iw 
IntravcQouh,  hypodetmic  or  intrautusculai  mJKtinn  of  sodium  or  laapawhun  wll**" 
by  Aiib«rtj  Beinanl,  1857;  Agulbon;  and  moiv  iL-iruUy  by  J.  It.  .MncCiUsn.  )M  >■' 
190&;  and  by  Bancroft,  1907.  Mont  ob*ci^ en,  however,  hate  Ejdlcd  lo  obtia  Off* 
crease  of  perii^tnUig  and  catharsis  wlieti  proper  prccautixon  were  takn  U  tmm 
«iqMtRireai)diiipbyxia<Bucbhdm«nd  WijLgner;  Dondcrti  Vulniui;  JolcwiaadOi*'^ 
RKbutcnu;  Beit;  Miireju;  Hny;  more  recently  Aucr,  1006  and  1908;  ^dt«f  uJf"^ 
1906;  Kraolcel,  190;;  Mendel  and  Benedict,  iijoq).  Joteph  and  Mdtaer,  ntftf*^ 
indeed  with  a  careful  tcchnic,  that  intravenous  or  muxulur  tDJcttios  et  oBCi** 
inhibits  pcri»taUis.  .  _, 

Itypeitmit  /nfwiJan  i»aUo  without  result,  except  wfaco  made  uoda  the  aMMau 
iJcin.  The  succusa  in  thii  c»i«  U  cntitely  reBex,  for  injediiKia  of  NaO  at  ZnSOiial^ 
leipon  ore  nlun  cathartic  (Hay), 

ExdMd  I&teiitiiies.— I'yrtKle,  iQto,  found  (bat  the  appUcatiou  at  tb«  P^'P''" 
lalts  lu  the  periioniii!  surface  dcpresWA  pciittabis.  He  abo  aaimed  that  they  «!"•"* 
pcrittaUis  when  applied  to  the  mHCoia  surface.  Later  ob»crva«  coald  BOtcoainl** 
itimulution  (dc  Heer.  kjii;  S«ltrn.ion). 

BvideocM  of  Irritant  Aclion.—Whito  the  maineSectol  tbeiatiaecathatliaa* 
rnotic,  it  bquitcpov.ihlcthatamuRCularatimulationniayoccuriindertptdalcaaAi*^ 
F.i.,  Hcr«.  Cook  nnd  Si^  hlr^inRrr,  1908,  state  that  dram  dosct  o(  cfMOD  "'I*''''!?? 
watery  evacualiuns  within  an  hour.  Thrir  fluid  is  greater  than  could  beexpUMaf 
osmout.  Moreover,  the  i^tiiol).  of  the  following  morning,  which  cootain  ilbtiiic4'*f' 
cif  the  salt,  had  a  noimal  Milid  (t>nsi>(cn(y.  Thli  muieular  action  may  poMfUybtM* 
the  foimiidun  ol  the  irritant  lulphidsi  or  to  neuirBlixation  of  calcium.  . 

Beladoa  to  Caldum.— Cbiari,  loio,  »uKitest»  that  the  prccipitanl  aflect  «''■'*'!: 
the  cathartic  Ions  (or  calcium  could  IncreaM  the  excitabiiity  of  ibc  inttallna.  TV*''' 
play  ■  part;  but  at  present  i*  only  hypothetical. 

Fate  of  the  Cathartic  Salts.— The  portion  which  is  nol  absorbri  i*"^ 
course  eliminated  promptly  by  tlie  /««.  The  other  salts  of  the  'e(**ij^ 
also  markedly  intreascd;  the  organic  matter  only  slightly  (Hay),  •t 
sulphates  are  in  pari  reduced  in  the  colon  to  sulphide,  which  gi*t  t^'" 
characteristic  odor  to  the  feces, 

Afltr  absorpihn,  the  cathartic  ions  are  eliminated  largely  by  the  nP"'' 
producing  a  diuretic  action.  The  urinary  excretion  is  tnvenc  to  thf  p*j 
galive  effect.     With  sodium  sulphate,  one-third  to  one-half  of  the  eW*" 
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salt  is  in  the  urine.  A  conaiflerabie  portion  of  ihe  sulphale  of  magncMum 
may  be  retained  in  the  tissues,  the  excretion  extending  over  several  weeks 
(Hay;  Mendel  and  Benedict,  i(>oo). 

Diuretic  Actioa. — AU  the  carlhartic  anions  are  readily  excreted  by  the 
urine,  and  therefore  act  as  saline  diuretics;  rather  more  effectively  thjin 
equivalent  amounts  of  sodium  chlorid.  However,  because  of  ihc  abstrac- 
tion of  water  by  the  feces,  the  urine  flow  is  generally  decreased  in  ihe 
first  twelve  hours;  it  is  then  increased  for  about  a  day  fHuy),  The  diuretic 
effect  is  proportional  to  the  quantity  of  the  salt  absorbed,  and  therefore 
inverse  to  ihc  catharsis. 

Sodium  sulphate  diuresis  increases  the  gas  consumption  of  the  kidney 
(Bainbridge  and  Evans,  1914). 

R«flCtioa  of  Urine. —  MgSOi  markedly  increos^.^  the  ammonium  aad  acidity  of  the 
urine;  Na,SOi  and  MgO  decrcaisi;  llit  aiidily,  with  sutisKiiucnl  return  to  ihe  nurmH] 
r«<icUon  (lie  Ja^er,  igii). 

Conceatratlon  of  the  Blood. — Hay  found  that  this- is  increased  shortly  after  the 
kdminisl ration  of  conctntratcdbut  not  of  dilute  solutions  of  cathartic  sails.  The  blood 
count  rises  from  5,0*0,000  to  j.ooo.ooo  by  the  abstraction  or  reltnlion  of  fluid  in  the 
intestines.  It  returns  to  normal  within  four  hours,  even  if  no  fluid  has  iicen  Utltcn,  since 
the  ?.ilinc  solution  is  grsduiUy  absorbed  from  llic  inlcstiues.  WliciiilliircsiNietsln,  the 
blood  count  .-iK^in  rise^  to6,ooo.(»3;  unci  this  even  if  Ihe  ^l(  ha;  been  tul:cn  ililuted- 

MetabolisnL — This  ia  not  measurably  increased  by  the  increased  peristalsis  of  saline 
CEtliartiii  ( Rcncditl.  1914). 

Temperature. — Saline  cathartic?  have  been  used  in  fevers,  for  their  supposed  "eool- 
iiw"  effecL  Hay  found  no  reduction  of  the  Internal  lempcrnture.  but  bcheves  that  the 
blun  mny  be  cooled  through  splanchnic  dilation.    This  is  somewhat  doubtful. 

Therapeutic  Uses. — The  carlhartic  salts  are  used  to  empty  the  intes- 
tines  in  constipation,  etc.;  and  to  remove  fluid  from  the  body  in  edemas. 
Their  introduction  is  of  comparatively  recent  dale  (Glauber,  about  1658). 
They  arc  useful  and  elTcctivc  as  simple  cathartics,  especially  in  digestive 
disturbances,  and  against  occasional  const  ipatlun;  but  they  do  not  meet 
the  motor  deficiency  of  chronic  constipation  as  cfScicntly  as  the  cascara 
giwup;  they  are  ralher  unpleasant  to  the  patient;  they  seem  to  lose  in 
efficiency  on  continued  use;  and  they  are  not  very  effcclivc  in  obstinate 
constipation  or  mechanical  obstruction.  As  hydragogue  cathartic  for  the 
removal  of  edemiis,  the  absence  of  irritation  renders  them  generally  superior 
to  the  drastic  vegetable  cathartics;  their  diuretic  effect  is  a  further  aid. 

Administration  as  Laxatives. — For  this  purpose,  the  salts  should  be 
given  in  dilute  solutions  {teaspoon  lo  tumbler;  or  as  the  natural  mineral 
waters — Carlsbad,  Hunyadi,  etc.),  since  these  are  less  distasteful  and  act 
more  promptly  (one  to  four  hours).  The  laxative  dose  of  the  usual  salts 
is  5  to  10  Gm.  (r  to  a  drams).  (Larger  doses  are  supposed  to  accustom 
the  intestines  lo  an  abnonnal  type  of  peristalsis;  Bastedo,  1Q14.)  They 
are  best  administered  before  breakfast,  lo  hasten  their  passage  through 
the  stomach.  If  this  is  delayed,  they  are  less  efficient  and  somewhat 
irritant.  For  tliis  reason  they  should  be  avoided  with  bedridden  patients, 
for  with  these  the  passage  of  food  from  the  stomach  to  the  intestine  is  a 
rather  slow  one.  Some  exercise  is  always  useful  after  taking  salts,  and 
ihi*  is  one  of  the  reasons  why  patients  receive  benefits  in  vraterlng  places 
which  they  fail  to  secure  at  home. 

Administration  in  Dropsy. — ^Large  doses  (15  to  30  Gm.,  ^lat  ounce) 
should  Ijc  given  in  concentrated  solution  (H  tumbler),  also  before  break- 
fast. The  concentrated  solutions  act  much  more  slowly  than  the  dilute 
but  they  remove  more  fluid  since  they  also  increase  diuresis.  These  con- 
centrated solutions  are  also  employed  to  reduce  the  secretion  of  milk. 
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The  Choice  between  the  Salt  Cathartics. — ThU  i.t  very  largtly  drten 
mined  by  ihcir  ttuu.    The  sodium  sulphaii:  has,  perhaps,  the  nu»l^ 
agrcriible   tftsie;  the  magnesium  ^ulpliale  »omcwhat   less  so.   Sodltn 
]>hosphate  and  KochcUc  salt  arc  perhaps  the  least  disagrceiblc.   U|0 
and  MgCOi  act  as  alkalies  as  well  n^  ott hnrtics. 

The  best  corrective  for  the  latlc  of  the  salts  is  ample  dilution  with  *tui, 
when  this  h  permissible.  Some  of  the  aalls  are  otTidal  in  tftneaii 
form;  i,e.,  mixed  with  sodium  bicarbonate  and  citric  or  tartaric  add. 

SODIUM  StJLPHATE 

This  i»  the  moxt  typical  of  the  cathartic  salts,  being  but  ven-  liitl 
absorbed,  and  almost  free  from  ion  action.     Tt  has  no  action  00  mcu 
hulism.     On  account  of  its  disagreeable  lastc,  it  is  not  much  UMt],i 
in  vrlerlnary  practice,  but  it  forms  an  importajit  ingredient  Ot  oUJ' 
mineral  waters,  e.g.,  Carlsbad. 

The  k!(lnG>^  are  even  more  penimble  to  aodium  lulpbale  Own  to  NaQ,  w  iW  B 
intravcnou*  injection  prixlucei  n  Mpioiig  dliin^is.    The  KCrcllan  offiUik  >»[()■■■' 

The  stimulaat  ftction  o(  hypodermic  or  Intnvcnoiu  injedioiu  of  todiu  **'C''^ 
apnur  to  lurpaM  Iboic  of  wHlium  chlorid.  An  imtmic  wilution  <i  per  noi.  a  ■> 
dried  or  4  per  cent,  of  (lie  crystalline  stall)  is  ubkI  in  quADlllict  gf  joo  to  i,MOC-t, 


PBEPAKATIONS— StJLPUATES 

'SodU  SiJtkat  (Snd.  Siilpli.),  U.S.P^  B.P.  (OlMbcr-*  S«lt).  St£0.  +  i<>aA' 
Larp  or  granular  colurlesn  cr>'!'lixl!i,  of  bitter  HtUne  lastc.  Freely  mI.  Id  mUT  I'^y- 
pradicfttly  innol.  in  nli:.  All  sulphates  arc  i»c«mpat(Ue  witli  mkium  kiu!  Icai  o"^ 
rjGm.,  4'lrHRM,  U.S. P.;  i  toSGm.,  W  to  a  d»n»,  ttpMl«l:  single.  totei6C».'1 
to  4  drami,  B.P.;  diluted. 

Soiii  Sutphat  FJmfKtm  (Sod.  Sulph.  Efl.).  B.P.— A  nlsture  0*  drfal  •*• 
»ulphate,  todium  bicarbonate,  and  tartaric  and  dtric  add*;  repitaeaiint  50  pw  w^-  * 
the  ardinat>- Kill pliate.  Doie,  4  to  6  Gm.,  1  to  1  drains,  repeated;  tingle,  iot»il<*' 
jH  10  4  drams.  B.P.  _     „ 

p0t.  Sulfh.,  B.P.,  K,SO^— Sol,  In  water  (cio);  Uisol.  in  ale.  Datt,  1  to  jC».'t 
to  4S  P;  B.P. 

SODIUM  PHOSPRATG 

The  phosphates  also  exhibit  merely  a  local  cathartic  salt  actkn.  ^ 
presence  of  pnosphonis  in  nerve  li«suc  suggested  the  uae  of  phoqihsiesJ''' 
phosphoric  addasncr\-c  stimulants.  There  is  no  scientific  toundjil»n'* 
this.  The  phosphoric  acid  of  the  urine  comes  almost  cnlirclv  from  J*^ 
phosphorus  of  the  nuclcins  of  the  cells,  not  from  food.  The  ^A'*^ 
KaiHPOi  has  a  slightly  alkaline  reaction;  but  its  adminislratJon  dec*  0^ 
influence  the  true  reaction  of  the  urine. 

When  injected  Mibcutnneouily,  Ihr  phu«phiitri  are  rapidly  enicted  bj  tlw  ii*^ 
and  kidncyj.  The  Ikc»  ciuitaln  plio(.pbAicfc  etcn  in  ttarvMion.  The  lUisBr)  f*^ 
fihatei  are  generally  IncrcaMid  by  naicr  diurcui  (Bacuntr.  1913).  UUt  roiU''* 
large  proportion  of  pboipbate*.  and  it  ii  patsible  that  th«  adminiurmtioB  ol  tfcw"*? 
might  be  useful  In  Uctauon,  but  thix  luu  not  been  dcmoa»traiod.  tht  adntiM*** 
of  phiMphates  boa  no  effect  on  oilrogiHi  metaboliam.  Intravcnoualy,  ibt  idMHajiJ 
Rlimulatc  the  vagua cndine*  timilarly  to  thyriMd,  aod  they  have  been  daiatd  w" 
benefit  in  the  tame  eoaditions.    Ttiu  Is  doubtful.  ,  _ 

StarkraMcin.  iQr4.  cbumed  that  tbe  intraveikoui  injection  of  phoa 
muKular  tu-iiching.  by  inactivation  oS  calcium.  Thtt  u  contrary  to  1 
previous  invntigalort  and  b  igaia  dcaled  by  Greta<nld,  1915. 
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PYROPHOSPHATES 

Crawford,  1910,  founH  ihe^c  mnrketil}'  tuxic,  produdng  gaftro-inteslinnl  irrilatioD, 

bemor:iiagcs  anil  ulcctaiiuiis^  cliauyvs  in  ihr  liver;  with  conlinuvU  udmjiiialrution, 
ncphrilii  and  edcmn.  Met.iplii)f.r>hiilc4  atti-il  ^^imilnrly  bul  ivciiker;  irhjli-  iht-  urilinary 
orlhophosphate  ivas  iion-toiic.  Cruwford  believed  Ihat  ll:c  pyiuphoipliatii  arc  resimn- 
^lcinrlhcl»\idtyof  certain  cotton-sccdmcaU,  but  Withers  and  Ray,  igij,  canlniilict 
this  conclusiun. 

I'KKPARATIONS — PHOS  PHATES 

'Sodii  Phoiphnj  {Sod.  Phosph.).  U.S.P.,  B;P.,  N'a.HPO,  +  1  iH,0.— Large  cobirlesa 
crj'Slals  or  granular  iMfwJiT,  of  coolloe  saline  Iftslc.  t'rtely  sol.  in  wjiter  ti:i.7); 
prai'lically  in^il.  in  ale.  Dose,  4  Gm.,  i  dram.  U.S.P.;  3  to  8  Gm.,  >3  to  3  diamt, 
repeated;  Mngic,  10  to  16  Gm.,  lij  In  4  drnms,  B.P. 

'Sodii  Phuiphas  JCJfrw-Ufoj  <So(l.  Phosph.  Kfl.),  U.S.P.,  B.P.— A  mixture  of  ewie- 
cated  sodium  phosphate,  scxiium  bicarbonate,  and  tartaric  and  citric  acids,  reprcacnt* 
ing  about  jo  [xr  cent,  of  the  ordinary'  or  jo  per  cent,  of  the  dried  phocphatC,  Doaf,  10 
Gm..  I'-i  (Iram^i  U.S.P.;  4  toft  Gm.,  i  to  idramsi,  tcpualed;  siagle,  10  to  16  Gm.,  tl^ 
t0  4dram.i.  li.I'. 

Sodii  Pkaspkas  Exsittatus  (Sod.  Phos.  Eis.),  U.S.P.;  NajlIPOv— Sndium  phosphate, 
(torn  which  ibc  witicr  of  nysl.illiwitinn  has  been  rTpfllcil  by  beating  iit  loo^C,  It  Is 
about  two  and  one-iiaU  times  as  strong  as  the  ordinary  phosphate.  Daic,  1  Gm.,  30  gr., 
U.S.P. 

/.if.  Sod.  Phatph.  Co.,  N.F. — Sodium  phosphftt«  liijuelied  in  Its  water  of  cryslallixa- 
tion  by  sodium  nitrate  and  citric  acid,  loocc.  reprewnti  100  (im.  of  the  sodium  pho*- 
(^atc  (about  two-thirds  in  th«  form  of  acid  phosphate,  W.  F.  Ilorsa,  1910).  Dmr,  10 
C.C..  3 '•I  dranw. 

'Sodii.  Fhosphas  Acidus  (Sod.  Phosph.  Acid.),  N.N.R.,  B.P.;  Sodium  Acid  Pho*- 
|>hate  (mono-iodium  phosphate). — Contains  at  Icml  8j  percent,  of  NalliPOi,  N'.X.B.; 
70  per  cent.  B.P.  Large  colorlcw  crystals  or  gran  iilar  powder,  o(  saline  and  goinewhat 
acid  laslc.  Very  sol  in  water;  insol.  in  alt.  This  sail  is  used  to  increase  the  acidity  of 
the  urine  (Hanxlik  and  Collinii,  1913).  It  is  also  cathartic,  but,  more  irritant  Ihan  the 
ordinary,'  phospliute.  Dose,  i  to  1.5  Gm,,  15  to  10  Kr.,  in  water;  repeated  every  one  to 
four  hours  until  the  urine  becomes  acid;  j  t0  4  Gm.,  30la6ogr.,  B.P.  It  should  not  be 
mixed  with  hcxftmcthylcnamin, 

A  solution  may  be  prepared  extemporaneously  by  iiddlnjt  Dilute  Phosphoric  Acid  to  \ 
solution  of  the  nfiicial  Di-sodium  phosphate  until  il  no  louKer  pfeci^ilntcs  a  solution  of 
CaCli;  or  as  follow!;  Sod.  Phosph,,  10  Gm.;  .\c.  Phosph.  I>il.,  35  tpm,;  Water,  q.9.  ad 
■50C.C.1  a  tablespoon  of  tbii  mixture  contains  about  t  Cm.  of  the  acid  phosphate. 


TARTRATES 

General  Statement.— These  are  difficullly  aljsi>rl);il)lf,  and  therefore 
tj'pical  saline  cathartics,  posses^ang  the  advantage  of  a  relatively  unob- 
jectionable taste.  The  potassium-sodium  tartrate;  or  Rochclle  salt  is 
commonly  used.  Add  potassium  tartrate  (cream  of  tartar)  acts  as  a  mild 
add;  and  being  relatively  Insoluble,  the  acid-action  extends  into  the  intes- 
tines and  here  stimulates  peristalsis.  It  is  therefore  more  actively 
cathartic. 

Cream  of  tartar  and  tartaric  acid  effervesce  with  sodium  bicarbonate, 
and  arc  used  in  baking  powders,  effervescent  drinks,  etc. 

The  tartrates  are  not  readily  burned  in  tiie  body,  and  therefore  do  not 
act  as  alkalies  and  diureticii  as  pou'crfully  as  do  most  other  organic 
anions.  When  introduced  into  the  circulation,  they  have  a  rather  high 
toxicity  by  immobilising  calnum,  and  injuring  the  renal  epithelium;  but 
this  need  not  be  feared  from  therapeutic  doses  (Post,  1914). 

Toxic  Actions  of  Tartrates. — The  effects  on  calcium  arc  similar  to  those  described 
under  Citrules.  Sm^ll  doscx  produce  only  the  renal  injury;  larger  doses  also  muscular 
and  nervous  sympioms.  The  cardiac  etcursioiu  arc  decreased,  especially  in  systole, 
with  moderate  slowing.     The  blood  pressure  it  unchanged,  tlic  kidney  volume  slightly 


KUACOI 

InCKOMd.    Theeffcctsmay  twa^uicor  nubacute,  uxxirdinK  lodoM(Sil)UtiDd! 
1914).     The  (uur  ii let coc hemic  itomcni  behave  wiioewlut  diSercolly  liynld  aloun  | 
uid  Ihucfofe  have  a  diflerrni  tudcity  (Chlo,  iqi>),    Salani  ttid  iitdth,  i^t].imm  ' 
thai  [hr  d.  .indLhiid  tbciiamcli>iidt>-(or  froffKund  nbbit«;bu(  tkcrctitunniltfi'' 
ent  nnimiil:!  varies  gteaily.    In  rabbiiH,  Ihe  did  ha«a  maiked  influence.  uimbM<* 
mU  being  much  te^  resistant.    Thu  depmdt  probably  on  differenco  in  ibc  dwnl 
conMitucnU. 

R«bb1  Action.— UailerUU.  WclU  itnd  GoldMhmldt,  1913.  and  P«uce  nd  UiV. 
191J.  found  that  RCKbelle  salts  pm(lu<:r<l  marked  lenal  cbajign  when  pin  bjfMtf- 
miullvin  dotes  of  a.  >s  Gm.  per  kilogcani  In  phlorhizin  mbbit>;  McncwMt  tuBcrifan 
CMiKtl  the  Mine  chniiKC*  wtihout  plilurhinn.  Oral  admlniuratioM  aUe  Mtteri 
iiepbriti>,withdoiao(^  Gm.  per  kiluicram-  MveGm-pcr  kilogranwatfaialBbiiiil 
linimf'lr  The  taxicity  ■■•  not  tu  great  in  well-fed  animaU;  whrn  diarrhea  «ecv(i«*M 
alkaHesarcadmlnbtered.  Atvtaics,  ciirale-tandcaibonatnduavt  ptaduMltiatKMl 
cbaniies.     Anulo/oui  clTecli  aru  pruiluoed  on  dogs. 

The  ciHthplial  changct  nre  coaSncd  mainly  to  the  convoluted  tubalei,  *ilb  m" 
CKlcdHionloIIcnle'aloop*.  The KlomrruliandinlcrslitiidliMueatir intact.  IVIt^ 
mult  in  retention  of  tbo  taitniti:  «>  that  unly  trace*  are  e«:ret«d  by  tbentiMfniM 
tatra venous  injection. 

In  Ihe  acute  ncpbritia  of  rabbity  Ihc  phthaleln  cscrctton  k  materiaUy  ^ta^i^ 
In  chronic  cues,  tlie  excrHlon  ai-ain  improve  Mmewhat  with  time.  Tb«  BlnVl 
cxcrcttonia»caKelyaltercd(UndcrhilliindBlathciwick,  1914).  llipfiuricaddqiil^ 
if  not  impaired  (lunBsbur>'  and  Hell,  ic)t5). 

The  CKietion  of  mjectcd  urea,  and  the  cKcretion  of  N  and  DeKtrou  la  ill ^^ 
QnimalsiahiiideTed.buttheNiiCI  excretion  in  normal  (Boer  and  Blum;  Vndemll  lit''' 
7I1C  restoration  of  the  blood-volume  after  lajectiua  of  MllncaulutloiiiadckjTJIlV- 
Underhiti  nod  Mendel,  1916). 


PREPARATIONti — TARTRATES 

AtUnm  TartcHtum  (Acid.  Tait.).  U.S.P..  B.P.,  C»H,(OH)i(COiHtl..-A 
or^nic  acid  obtained  from  wine  Ices  or  argal.     Colorlni  crvstals  uc  white  | 
aad  taste.    Very  »ol.  in  water  (i:Gi,;il;  freely  sol.  id  ale.  (t:^j).    OM(,ft}< 
gr.,  U.S.P.;  0.3  lo  x.i  Gra.,  5  to  10  gr.,  !t.P, 

'Polatsii  Bila/lras  (Pat.  Bitatt.),  U.S.P.fPni.  Tartr.  Arid.,  B.P.  (Cn«««T*"> 
KHC (II lOi.— White,  Homcwhnt  icritty  powder,  of  pl«M«nl  Mid  tiulc.  fUfbtli  *  ** 
water.  (1:155):  Qcirlyiiuol.  in  ale.  £>p«,  3  Um.,  30Br,,U.S.P.;  1  to4  Gat.ilia'*!'- 
B.P.;  suspended  in  water. 

Pol.  Tarl..  B.P..  K,C.H,0<  +  H  H«0.— Frt«Iy  wl.  In  watef  (i:i).  »■«.'•" 
Gm,.  }■•/  lu  4  dromi.,  B.P. 

'Pol  It  Sod.  Tun..  II.S.P.;  Sod.  (I  Pol.  Tarl.,  B.P.  (RocheUe  Sail;  So<U  Ta 
KN'aCiH.O.  +  4H1O.— While  powder  or  colorleat  cr>'hUU  «l  cooUu  "'••  ^SJ 
Wry  so!,  in  water  (1:0.1));  practically  iiuol.  in  ale.     Doit,  10  Cni.,  jl*  onanI'M* 
S  to  16  Gm.,  1  to  4  drams,  B.P.  ,, 

'PiJtil  PJmtKirHt  Compotil-f  (Polv.  Ed.  Co.),  U.S.P.l  PaSr.  Sed«  Fart.  R/-  5^ 
(Scidlltz  Powder;  Pulv.  Sodx'  Tart.  Co.).— Id  the  L'.S.P.  the  Uu«  paper  tma»f* 
et  Sod.  Tart.,  S  Cm.  nnd  Sod.  Bicarb..  5  Gm,:  the  white  paper,  .\c.  Tart,  »h  to-  •* 
thcB.P.,Xo.  I  (blue  paper)  contabv Six),  et  Pol.  Turl.,;. 5  Gnt-i  Sud,  Uioub.  I,!*^ 
No,  3  (white  paper)  contains  Ac.  Tart.,  j.5  Gm,  The  conlenli  of  tlie  Mat  p4^|| 
first  diiaolveo  in  a  half  a  tumbler  of  cold  or  warm  i^ater  and  the  ciMitrtitt  iH  li»j^ 
paper  arc  ihm  add«d 

MAGHBSIUM  COMPOUNDS 

General  Statemeat. — Tlie  salts  ol  magncsiiun  arc  rcUtivdy  li**" 
absorbed,  and  therefore  act  as  osmotic  cathartics.  With  nttCK*!** 
sulphate,  both  ion*  have  thi.'idlect,30  that  tlicsnUisiiarticulaHyMKliiJ^ 
MagQcsium  oxid  and  carbonate  act  also  as  alkalies.  Being  wiy  »p**J!'P 
soluble,  their  antacid  action  extetuk  into  the  intesUncK,  villi  but  D"* 
interference  with  the  slomach.  They  arc  converted  in  ibc  alimwUT 
tract  into  the  soluble  and  therciorc  cathartic  magneaium  bioirtexK- 
MgO  (magnesia)  is  pre(erTe<l  to  ihe  usual  alkaline  carboitatrt  ^'^^/If 
stomach  must  not  be  burdened  with  COt  gas.  It  iit  tJiercfon  tke  bo* 
antidote  against  poisoning  by  acids. 


Magnesium  is  somewhat  absorber!  by  ihe  alimentary  Canal,  so  as  to 
)duce  some  diuresis;  but  not  sufficient  to  cause  toxic  effects,  unless 
vcrj'  large  doses  oE  a  concentrated  solution  are  taken.  When  injected 
bypodermically  or  into  the  circulation  it  is  highly  toxic  by  depressing  the 
heart,  muscles,  and  the  central  and  peripheral  nervous  system.  It  is 
antagonized  by  calcium.  Magnesium  sulphate  has  been  used  as  a  local 
and  intraspinal  anesthetic,  and  against  tetanus;  but  the  effective  dose 
is  dangerously  close  to  the  fatal  (paralysis  of  respiration),  so  that  its  use- 
fulness is  limited. 

A  saturated  solution  of  magnesium  sulphate  is  used,  apparently  with 
good  results,  as  a  local  dressing  in  erysipelas  and  similar  inflammations. 

Administratioa  as  Cathartic. — Magnesium  sulphate  is  employed  as 
laxative  in  doses  of  a  to  lo  Gm.,  t  to  35,  in  dilute  solution;  and  as  hydra- 
gogue  cathartic  in  doses  of  10  toisGm.,  i  I04S,  in  concentrated  solution. 
The  dilute  solution  may  be  mixed  with  NaHCOs,  but  not  with  NajCOi. 
It  may  also  be  given  as  an  effervescent  salt.  Solution  of  Magnesium 
Citrate  is  a  pleasantly  flavored  and  effervescent  draught,  dispensed  in 
bottles  containing  12  ounces.  The  dose  is  from  ,'^  to  i  bottle.  Mag- 
nesium carbonate  and  the  oxid  are  administered  as  powder,  3^  to  j  Gm., 
5  to  ,jo  gr.  "Milk  of  Magnesia''  (Magma  Magnesia)  is  a  suspension  ol 
magnesium  hydroxid,  used  as  a  laxative  in  doses  of  i  to  4  teaspoons; 
and  as  an  alkaline  dentifrice. 

Cathartic  Action.— Msgnesi urn  snUs  &re  Mnvcrtul  into  the  acid  t'ZrtioiiBte  In  tlie 
scoalt  intuiioe.  uccording  to  the  formula: 

MgSO.  +  NajCO,  +  H,0  +  COi  =  Mg(HCO.),  +  Na.SO. 

In  this  respect  it  is  quite  immeterkl  what  parlieular  s«1l  be  giwen.  The  liydtsle. 
carbonate,  chlorid,  or  sulphate  »ie  all  tunvcrted  into  bicurbonale.  Huwever.  in  the 
caac  of  the  sulphate,  the  sodium  sulphate  which  U  formed  is,  of  counc,  also  ralhaitic, 
so  that  the  effect  is  doubly  large-  The  hydrate  and  carbuoal.e.on  the  other  band,  poises* 
also  the  action  of  alkalies. 

Direct  Action  on  Peristalsis. — This  is  not  seen  when  magnesium  ii  ^vcn  by  mouth, 
but  only  when  it  Is  applied  by  vein  or  hypodennicntly.  It*  diicrl  action  then  Is  to  de- 
press the  cm-s&ive  ptri^l«lsis  induct'.!  by  exposure  of  the  Intculines,  or  by  crgol,  physos- 
Itgmio  or  barium  chlotid  (Mcltier  iind  Auer.  iqo6). 

Mettzcr.  1914,  bclievcj  that  magnesium  also  inhlhitu  the  interline  with  the  urdilMiry 
intestinal  administriilion',  and  thai  this  someliow  renders  the  contractions  more  eQcc- 
tive  by  leaving  freer  scope  to  the  "contrary  innervation." 

Normal  Occurrence  of  Magnesium. — Magnesium  occurs  in  the  body  mainly  as  phov 
phate  ond  In  a-sociHlion  \\\\.h  (ukium.  in  the  bones  und  in  larfct-r  ahnolute  (|uamity  la 
the  other  lisiUR.  The  ted  corpuscles  (Ahderhalden.  180S)  and  slri|>ed  muicle  (Kat2. 
189(1;  Iluerthle,  190J)  conlnin  mure  M)(  than  Ca.  The  daily  rtqutrement  is  estimalcd 
OS  0.6  Gm.  The  ordinarj'  diet  I'ontains  0.19  lu  i.j  Gm.  (H.  C-  Sherman,  Meltler  and 
Sinclair,  igto). 

Absorption. — This  occurs  mainly  from  the  small  intcilinci.  Mctnllic  magnnium 
Is  also  ab.iirbfd  (lom  the  subcutaneous  tissue  (l-'Nunhcrji,  1909). 

Excretion. — .Vfler  abwtplion.  and  with  parenteral  administration,  the  excretion 
occurs  practically  ciciusively  by  the  kidneys  (Mclticr  and  I-ucas,  1907),  only  in  small 

fart  from  the  largv  iiitcitinc,  Tlie  toxicity  is  Ihcrelorc  diminislied  by  inducing  diurciis 
Mell2cr.  1907).  A  considerable  quantity  may  be  retained  in  Ihe  body  over  luio  weeks. 
The  urinarj-  excretion  of  calcium  is  increased  (Mendel  and  Bcnedift,  1909).  This  let- 
Mn»  the  limc-dipisition  in  young  animals  (Malcolm,  jrios)-  The  norma!  urine  con- 
tains  0.1  to  o.^  Gm.  of  Mg.  per  day. 

Renal  Initation. — The  intramuscular  or  intravenous  injection  of  magnesium  salts 
or  milpfaatcs  into  dogs  causes  the  ajipearance  of  kyilint  t<ists  in  the  urine.  There  ate 
no  otner  caits.  albumen  or  other  sign  of  nephritis  {Gates  and  Meltxcr,  1014).  'Dick 
occur  alM  when  toxic  dose*  of  magnesium  arc  injected  into  Ibc  ligatcd  snuU  intestine 
(Gates,  1914). 
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GlycOBUdo. — Parenteral  Injectioiu  produce  moderate  hypcTRlyccn^  udlljniBhil 
UndcihUl  and  t'ioxjon  iiscribcd  thcK  u  n»phyxb,  K,  Hittch.  191 1,.  to  bmcow  MJ  m- 
pb)'xi»;  but  Kleiner  and  Mdtscr.  iai6,  frnd  them  cwn  wilh  nilllicial  ra|falia. 

On  the  uthir  hand,  Ainln  and  Bardy,  loit,  'Uie  that  intnvcWMS  InJKltoy 
BUtKncMum  inhibit  fpiiiupliiinKlj-cmurU  and  dioicftl  diiitH-tcsi  prcauinkUir  by  difRMM 
of  too  syinimthitic:  s>i.tcnL. 

Toneltj  b;  Mouth.'— Only  the  nitnttc,  vhich  ia  abmibcd  nuich  nure  tciAji.HiC 
to  produce  lypicsl  Mg  lyinptomt  (Aldtxer,  iqo;);  but  toxic  rtfrti*  tiuy»Attm$ 
doK*  of  the  hulphatc  ate  given. 

lBt»tltul  injocriiin  with  the  stomach  iM  off  produce*  dutli  by  tMfiitMairw4r 
ntinabouttwentyliveminutetwIthadoMol  loc.c.  of  to pemnl.  maiaeAtnemi 
Whfn  ndminiitcreil  to  rabbits  by  moulh,  even  very  large  doMS  are  not  fatal  (Aaffui 
MelUtr,  ii)i4l, 

IntravaKular  Inj«clian. — 'rhi>  produce*  Immediate  and  ftovere.  alien  (acil  iif^ 
attn  of  the  heart  and  central  ncrvuui  lyitem.  U  reseioblei  potUAum.  butlUl  ii^ 
more  ntl  the  heart.  (nagne>.ium  on  the  Fe»pirnlion.  The  clIc<:t«arc*ccniiibloni«tai><i 
eiperinii!nl&,  If  the  m^iKor^iirni  sulphate  lolullon  of  the  raanumetcr  Uuulv«rtenU]i (ilic 
■he  artery.  There  is  u  iho-tp  fall  of  blood  prcuucc,  and  the  bear!  may  be  liwud 
promptly.  Tf  the  effect  U  not  fatal,  recovery  ocmn  quickly,  tlncc  the  eicnlio>l> 
(|uitt'  t»i>ld. 

Cardiac  Eflects.^Thnc  coniiil  in  nlowins  with  moderate  diUtioni  iWb  iioUfi*' 
tion;  then  tuitdcn  clilalion  ami  stondnlill.  *  The  heart  may  be  kept  bcatjag  W  t'C**' 
ttlniulnliiin,  by  dlimulation  of  the  ftccelrrnlnrH.  and  by  cplneptltin  (MallMMWl 
Broolu,  1910). 

KM|dtatioii. — The  coMtion  i«  due  mainly  to  the  curare  aclioit.  the  ttBirf  bit 
ordinarily  not  pAmly«td  except  with  cun>lderBbly  larger  doac*  (Matlbi>t  nd  kMti> 
19101. 

Tempentiire. — In  rabbits,  ihi.i  ii  lowered  hf  mafinninm  injeclMD,  panUriUB' 
paralytic  action,  but  preccdbg  the  laitet.  It  it  on  independent  phcBonKMB. '■  il 
occur*  alao  If  Ihc  narco»y  ifr  prevvnioi  by  calciuni  (Schiictx,  101$,  tQiA). 

MacDMtatm  Anesthesia.— Mrltur  and  Auer  {iqoa)  fimnd  that  a  genet*)  laoM*. 
with  abolition  of  rtllr,-\c^,  may  be  pioduccd  by  the  xubrutaneous  injection  of  iiinj^aff 
Hits  (i.j  Gm.  of  ctyitallinr  macrmluin  eulphalc  pn  kiloitram  of  f>ody'it«i(bl. >)<'■* 
35  per  cent.  KJulion).  The  injection  ouim*  but  bttJe  pain,  hincc  the  t"*'"*'"^ 
a  locnl  ane»lhelic.  The  an*»lbcsia  h  complete  in  hall  an  hour  or  an  hour,  ui  ^ 
about  two  hours.  The  blood  ptewurc  is  but  little  lowered;  there  is  *omf  diaK*<> ■■' 
no  diutrhea.  The  recovery  i<  pecfecL  Somewhat  larger  dotct,  ate  fatal.  ^uMH 
the  tcioiration  before  ihc  ncnit.  The  efiective  doM  apprMCbea  the  lalal  10  ">^ 
that  this  method  is  nut  )-«t  a^niUble  for  man. 

.Yuliirr  nflir  Aucilhfik  /IcJioB.— There  ha*  been  coDtidenble  diuruMkm  wWw''' 
cllecltof  mognriium  consiit  In  a  true  nbulition  of  wotntion  (MclLarrfi  ot  *h(tkcrUn 
Goiulst  malnJy  In  a  panlytla  of  muwulnr  rexpunw  by  the  curare  action  (CvUh^  "^ 
in  asphyxia.  There  ia  no  doubt  Ibat  Ite  muKular  aiMl  poidbly  the  atpbvtU  b^^ 
raay  nlay  a  part;  but  that  magncrium  pioducu  direct  KenMirypanlyaia.botlictaird**' 
peiipiieral.  ^_ 

Hi-idtnctfer  Sfnsoiy  Paralysis. — Guthrie  and  Ryan.  1910,  and  Jktatthev^an'B'''^ 
iQio,  brought  evidence  that  paralyiis  nmy  occur  by  the  curare  and  af^hyitia)  acti*.'' 
nugncNuro,  when  ilie  soiMtuin  is  filill  preserved.  How-ever,  .Mettn-r  aad  Awi""* 
that,  with  proper  doMxe,  it  Is  poMible  to  secure  aneslhenia  nhen  the  aspbjrxiallu"' 
entirely  cirluJcd  and  the  muftact  are  tlill  responsive.  Indubitable  nroof  d4lKt^ 
InJ  anuthctiia  i»  furnished  by  the  rc^ulls  of  careful  iiilrat*itotu  ii^tttitm  M  l***? 
nblteti.  reporl»l  by  Peck  and  Mcllser,  igiG.  Thk  produced  imcoBMiaiMM  **■ 
coinplele  miglcol  ancstheua,  with  incomplete  motor  paralyiift.  ^ 

The  immediate mivnl of  thewuiinuiU by  ihcblravcnouslnJfClioD  of  <aldlli*>w** 
(Melixer.  15109)  abo  speaks  (or  a  direct  central  action.  Further,  iber  fiad  (M'tf 
that  tmall  inlrncerebnl  injectioiu  produce  central  ancatboia  <bUi>  V.  F-  lUwl"^' 
iQig);  and  that  ihcetfectaofmagnrslum  and  ether  arc  additive,  (rfinsler,  191^*"' 
l*Kkuta.iois,atM&idadditlveelI«ct»«-ith  the  aliphatic  hypootioi.  ,^ 

Moniifeld  and  Kambur^t,  191^1  conclude  that  magncHum  incmm  Uie  mm''' 
action  of  u  rcthanc  by  altenng  ita  distribution :  for  colciaRi  don  Dot  rcBMnptt  ifee  ■«"J* 
tion  if  the  mogneuum  hu  b*<n  admlnlstored  tctii  the  uretfaane:  bat  da«  nw^  *** 
nucocu  If  the  mogneuum  *«•  injected  *ome  lime  after  the  uretbanc  ,. 

Di$tfii^ii>n  ef  Uag»e4lim.~ilMai,6M  and  Bounyl,  191  j.  and  Goukr,  >»■!•? 
that  the  aiagnmum  and  cntdum  of  the  brain  iub«tance  are  aM  dUagtd  duM j^ 
Darcoelt  ot  cwdvtn  recovery,  and  therefon  conclude  that  the  altered  Ug-Ca  ■*''''£ 
on  the  platma  membrane.    StnMuky,  1914,  «Lm  tovad  that  the  ilg  casMl  *  '* 
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SRia  increased,  Mid  the  Ca  dimloishcd,  during  (be  narco^;  itUIb  the  urKnnK  were 
unc)ianged.  The  urinar>-  cxcrclion  of  both  Ms  and  Ca  wm  incrcwed.  J.  SchUlx. 
,191 5.  tcporU  accumiilntion  of  mngnctium  in  Ihe  bnins  ol  rtihliii^  Mibjcctrd  to  repeated 
f  JBtKncstiim  n&rci.isis. 

Dtglulilian. — (iradcd  doses  pjraly»e  the  ccnlrnl  mcchnnism  befofc  the  peripheral 
(Alter  and  Mcllxcr,  1916). 

Local  Anesthesia. — The  eflccls  of  direct  application  of  nmicnviium  ftoluliont  to 
exposed  uenc  are  described  rather  differently.  Mcll»cr  und  Auer.  1006,  maintain  that 
ojncentralcd  5a1utii:>n.s  paralyse  without  previous  stimulitlion,  havirw  a  wlcctivc  action 
UD  Iht^  diflciciit  functional  (iberi  wniewliat  annloguu»  to  eucain.  Liljcitand,  iQog.  and 
Guthrie  and  Ryan,  101*.  claim  that  the  paralyi^is  is  jireceded  by  sliniulation  and  that 
the  Mg  action  is  not  ipecific,  but  very  similar  to  that  of  NnCl.  while  Ca  kalis  are  much 
more  tfleftive.  However.  H'iki,  1911,  found  that  the  hypodermie  injection  ol  15  to 
15  per  cent,  MgSOi  into  guinea  pigs  produces  much  more  Ictcal  nnc»the«n  than  cgutva- 
Icnt  solution*  of  other  salts.  It  seems  therefore  that  the  local  anesthetic  action  of 
iiiagnc>>iuin  U  relatively,  if  not  absolutely,  specific. 

Ciime  Action. — This  was  discovered  by  Jolyet  and  Cnhours,  iSSq;  and  hu»  been  con- 
firmed by  Guthrie.  Mcltzer  and  others.  Mellzer  and  .\urr,  looli,  aUo  find  that,  like 
curare,  it  antanonitcs  ihe  physostigrnin  twilchingi,  Kuitlier  nntajtoniimi  to  physos- 
tigmin  were  studied  by  Joseph,  igog.  Isolated  broiuhnil  nimcU  h  ^lightly  dilated 
(Trendelenburg.  ii)i!'i. 

Rigor  Mortis. — Slelt«r  and  Auer,  kjoH,  found  thiil  the  hypoderniio  injection  of 
calcium  hastens,  and  magnesium  delays  the  development  of  rigor  in  skeletal  muw:l(s 
and  heart.  In  calcium  rigor,  the  extensor  muscles  prcviul;  in  magncnum,  cither  the 
fleton  or  the  position  ut  the  time  of  death. 

Subdural  bjection  of  Magnesium. ^ — The  hypodermic  use  of  magnesium  beinii  too 
dangerous  for  man,  Mclt^cr  and  .Auer,  igOQ,  introduced  it»  use  by  lumbar  subduml 
inieclion.  using  1  c.c.  ol  the  j;  per  cent,  solution.  Thik  produces  BcnMjry  and  motor 
paralysis  of  the  legs  and  Pclvic  region,  occurring  in  three  to  four  houri,  and  lailint; 
eight  to  fourteen  hours.  There  is  also  retention  of  urine  for  one  or  two  dayx.  L'n- 
tavard  tttuUs  arc  cited  in  Merck's  Report,  16: 36&. 

MagDesium  in  Tetanus. — This  has  be^n  found  highly  useful,  aX  least 
aymplomalically  and  in  cunjunciton  with  .inliloxin.  Kociicr  considers 
it  the  b«t  remedy  in  devi-loped  cases.  The  spasms  are  temporarily  re- 
lieved, but  return,  requiring  repeated  (at  least  daily)  injections.  The 
dosage  presents  serious  difficulty,  the  dose  ihal  paralyzes  the  respiratory 
center  being  but  little  above  dose  required  for  the  therapeutic  effect. 

Lazarus  also  reports  success  in  strychnin  poisoning. 

Admittiitratien  in  Tetanui.^Tlie  dowa  refer  to  crystalline  Mannesium  sulphate 
(Kocher,  191J;  Mclticr.  iqift); 

For  slight  inilial  iymplams.  hypndrrmU  injections  may  be  used,  1.)  c.c,  ol  a  ;;  per. 
cent.  Mituiion,  per  kihi^rani  body  weight,  3  to  ;  limes  daily.  This  hai,  been  conlinued 
(or  6  to  iS  days  without  ilamsKc.  It  causes  but  liltte  irritation.  It  1;  talc,  but  not 
HUfiiciently  effective  for  severer  cases.  In  thcscj  the  salt  may  be  u»ed  inlraniusrutatly, 
a.6  CC.  of  15  per  cent,  per  kilogram;  six  IJmc^  dally. 

In  wvero  cx^cs,  however,  it  is  better  to  proceed  at  once  to  the  more  effective  iWrd- 
tpi»aJ  injecllart-,  using  1  c.c,  of  ij  per  cent,  per  so  lb.  of  body  weight  (0.1  c.c.  of  35  per 
ocnl.  per  kilogram),  ty  lumbar  injection.  This  gives  prompt  relief,  generally  lattmg 
nhaun,  when  the  procedure  may  be  repented.  If  Ihe  reipiraiiun  should  Iwcomc  de- 
imiliiil.  the  wlution  should  be  washed  out  of  the  cunal. 

/alfdvrni>ti]  injeflinn  hat  also  been  used.  It  is  not  genernlly  advited,  the  effects 
being  ihort  and  dangerous,  but  it  may  be  Justified  when  The  spasms  threaten  the  rthpira- 
lioo.  Straub  injects  in  }  minutes  a  total  of  too  c.c.  of  j.5  per  cent,  uilution;  reiteated 
every  hall  hour  to  hour.  Meltzer  prefers  a  6  p«r  cent,  tolution.  injected  at  the  rate 
of  I  to  J  c.c,  per  minute,  stopping  as  soon  as  the  respiration  becumcfrclepreiiscd.  If  the 
mpiration  does  not  improve  1.5  per  cent,  calcium  chlorid  muil  be  injected  slowly. 

AtcidfUls. — When  using  effective  doses  of  magn^.iium.  the  phyiirian  ihould  be  pre- 
pared lo  combat  failure  olrespiration,  by  artificial  resiiiratiun,  toi;cthcr  with  physo- 
stigmine  (^i  to  t  mg.  hypodermicallyjor  calcium  chlorid  tjo  c.c.  oil  per  ccnt„intramu»- 
cular;  or  0.01  per  cent,  in  niirnml  ^ine,  intravenous,  to  Coo  c.c). 

In  children  e^ilra  caution  muit  be  used.  The  -dosn  of  magncMum  should  generally 
be  somewhat  imallcr;  iupplemcnting  them  if  ncccssar}-  by  ether  or  the  atlphatlC 
43 
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hypnotic!..    Morphin  potontiatM  Ihe  rcipiraiory  dcpiciwlan,  iib>1  iImvU  Ikidon 
sot  be  oamtrined  tritli  magnnium  {luckuu.  loij). 

liMrdJ«(r.^-Cohcn,    i<)i>;   Dodd,    1911;  Arc<l,  Drtj'fui,  1914;  Th.Ktdw.  ittyi 

n    E.  Rabcrtscm,  iqij;  Mc-llitt,  igi6. 

AntagonlBm  oif  Mwncuum  uui  Caldum. — This  w*s  mcnlloned  on  pMieA4i,  Qm- 
tola  mliancfl  Ihe  octioa  of  Ms,  ptMumably  by  leraoving  Ui«  aDtRgsUik  dK\  <* 
the  tissue -Calcium  (Gati-i  anJ  Jlcti,  191J). 

Magnesium  A^iainst  Eiysipelas  and  Other  Inflammatioos.— Thit  ns 
Introduced  by  H.  Tucker.  1907  and  1908.  He  »:l.iim(;ii  tlial  the  !«il 
application  subduKrI  the  inllanitnation,  the  pain,  swelling  and  teiiipcnive, 
in  celluUtis,  arthritis,  opididymitis,  etc. ;  and  suggcMcd  its  use  pjrtidlvly 
for  facial  erysipelas.  It  has  also  been  used  successfully  by  oDurt'  lu 
action  may  be  similar  to  the  antiphlogistic  effect  of  Co. 

AppHeation. — A  thick  compress  (15  layers  of  gauze)  :s  imiiKrvdini 
saturated  solution  of  MgSO*,  applied  to  the  inflammed  region,  co\trcd  with 
<Mled  ^!k.  and  renewed  every  two  hours  (Choksy,  1911). 

PhogOCytCMis. — Dclbct  and  Knrajannpoulo,  1Q15,  clajtn  thai  the  i&tfsvtMwiitV- 
tion  of  nu;ciK-sium  clilotkl  {Aai/a.  about  15  c.c.  oi  i.it  |i«r  cent.  aakydivM.  pf  '^ 
Rnm)  Sroatly  iiictcnsri  phaKyciloM^  It  doet  nut  Inhibit  the  nugnlloB  of  Iimk!I» 
ftam  tlw  inflamed  niesentery  of  (rogii  (IknU,  191O). 

PKEPARATIOKS — UAr.KI':SIDlf 

'if  tf  jjiwii  Carbomi  (Mas-  Carl*.),  U.S-P.,  B.T.— A  mixture  of  bydntcd  1 
carbonatu  and  hydtoxid.    .\i:carding  to  it»  prcparaiiua,  it  occun  a*  a  natt ' 
bulky  po wile ( (\tiitn.  C-r''  I niiani  PnTrfrrrfw-t'.  ■"  f  — Mir.frii>lilrniii*f»."*'''f*'* 
earthy  Uaic.    I'ractltully  iiuol.  in  water.    Dese.  3  (im.,  45  gr.,  U.S,P.;o4(«i-ifi^ 
S  to  ao  gi;  npcBted;  UokIc,  3  to  4  Gul,  ^  to  1  diain,  B.P. 

JJq.  Ifii;.  Bkarb.,b.P.  (Fluid  MagDcaia).— Equivalent  to  i-pcr  cent,  ol  Hw< 
about  logr.  pet  Dunce.    DiiM,jot«  6acx.,  1  to  a  on  noes,  R.P. 

•Uqmr  Jf«(iMriJ  CUfMh  tfjq.  Mag.  Cit.),  U.S.P.— An  caervescenl  MhiWt 
talntng  10  pec  cent,  el  a  nuxtuie  of  neutral  and  acid  magnenum  dtnic;  pHf"* 
bottles  of  350  cc.,  tiounccK,  which  nuty  be  taken  Ma  Uncle  doaeeirdtVHU 

'M«cma  Atatntita (Manrao.  Majj.).  U.S.P.;  B.P.C.  (Slfflt  of  Jia«««ia>--A««W- 
iimouth  iui[>enuan  of  tic  hydrorid.  Mg(0)!)^     Doif,  ta  e.c,  »M  drani^  VST- 

Mag.  Orirf.,  U.S.1'.;  idig.  Lr>h,  B.P.  (Ught  M««o«ia;  Calcined  MajpiBiiJillp- 
Whiic.  vcfy  bulky,  and  very  fine  powder,  witlioui  odor;  earthy  taste.  Aim"*'''** 
in  irater;  iniol.  in  ale.     Di'if,  a*  Mac.  Chad.  Pond. 

•.W.iiii«ii  OiUIum  Poiuifroitim  (Man.  Oiid.  Pond.),  D.S.P.;  Jl/ac"** '**''? 
(Max.  Pund.),  B.P.  (Heavy  Mstcnesia);  AIeO.— White,  AetiM.  very  Sac  P""*^^^ 
Id  water  or  ale.  Dose,  3  Cm,,  lo  gt.,  U.S.P.;  0.3  to  t.i  Cm..  5  to  10  (tn  ItJ**'* 
angle,  1  to  4  Cm.,  to  to  60  gr.,  B.P. 

'ifatn*iii  SiUpkat  (Ma«.  Sulph.),  U.S.P..  B.P.  <Ep«)n  Snlta),  MtrSOi  +) 
Small  prumalic  ctystab,  of  ooolio^,  nline  and  bilter tasle.     Very  mL  &  waMrC 
practically  insoL  in  alc^    It  contatni  Bbout  50  per  cent,  ci  valer  of  cryitalUtitM^^ 
(atuiated  mIuUoci  cont^ns  about  jo  per  cenl.  of  theeiystafa,  or  aspercwt^l 
M>lutc  MjcSOt.    Dote,  IS  Cm..  4  drains,  U.S.P.;  a  to  6  Cm.,  90  to  qo  gl.,  i»P""  ' 
^gle,  8  to  t6  Cm.,  i  to  4  droms.  B.P. 

*Uat.  Satfh.  Eg.,  U.S. P..  B.P.— 50  per  cenl.  Dm,  4  to  ■)  Onu,  I  loj'''»* 
repeated;  ilngle,  16  to  31  Gm.,  4  to  H  dramv,  B.P. 
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Oeoeral  Statement.— The  direct  application  of  water  to  sen^fi 
cells  producer  (>-.mi)tic  ciiatiKes.  If  the  semipermeability  ta  infitilKK 
impaircii,  there  results  a  leacning-out  of  salts,  and  with  this,  a  dhtufk*"* 
of  the  ion-ratio.  Instances  of  these  tlelcterious  actions  are  the  wiW" 
laking  of  blood ;  the  swelling  and  water-rigor  of  musde,  etc.    The  «W 
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which  are  normally  exposed  to  contaci  with  water  are  protected  against 
these  actions,  either  by  their  impermeability,  as  the  skin  and  bladder;  or 
by  the  rapid  passage  of  salts  into  the  water,  as  in  the  alimentary  tract. 
Even  in  ihese  situations,  however,  the  water  causes  more  or  less  swelllog, 
stimulation  or  irritation  of  the  cells. 

Water  is,  of  course,  an  essential  constituent  of  all  protoplaam.  It  con- 
stitutes about  I  wo-lhirds  of  the  body-weight,  75  to  90  per  cent,  of  the  active 
tissues,  40  per  cent,  of  bones.  Since  it  is  constantly  lost  to  the  body  by 
the  urine,  lungs,  perspiration  and  feces,  this  would  lead  to  drying  and 
concentration  of  the  tissues;  but  before  this  reaches  a  demonstrable  degree, 
the  sensaliim  of  thirst  prompts  the  replacement  of  the  walcr.  Any  excess 
of  water  ispromptly  eliminated  by  the  excretions,  which  arc  correspondingly 
increased  and  diluted.  However,  there  is  a  temporary  increa,sc  of  the 
water  content  of  the  fluids  and  cells  of  the  body;  a  removal  of  their  sails; 
and  alterations  in  the  proportions  of  their  ions.  These  changes  in  turn 
produce  functional  phenomena,  cliaracterized  especially  by  increased 
secretions,  and  by  changes  in  metabolism.  The  effects  vary  according 
to  whether  the  quantity  of  water  is  norma]  or  excessive;  and  according 
to  the  channel  by  which  it  is  introduced. 

Absorption  (rom  Alimentarr  Cimal.— Wat«  is  rather  slowly  abiorbed  from  the 
sloniMh,  where  il  also  delays  the  ab^-jipiiun  of  other  substances.  Howc^'cr,  It  passes 
rapidly  into  the  duodenum,  ami  i*  .ibsi.itbwl  rea<lily  (torn  the  inUslinf.  *matl  and  large; 
•nd  in  Ihese  it  favors  the  ulisorplion  of  di^^lvcii  sub!.[unces.  lu  health,  the  abaorption 
occurs  nuuoiy  in  the  upper  portiocs  of  the  small  inlcattnc  (v.  Mering,  iSgi;  Moriti, 

AbsorptiOB  bj  the  Slda. — ^Wiiter  is  not  apprcoi»bly  absorbed  through  the  normal 
skin.  Batliing  in  cold  water  will  i-ontract  Ihc  cutaneous  vessels,  and  will  in  ihii  way 
diminUh  the  loss  of  wfttcr  by  perspiration;  nhile  hat  natcr  mil  increase  the  loss  by  favor- 
ing dlitphoresls. 

Digestion  and  Absorption  <rf  Food. — The  ingestion  of  water  with  meals 
has  decidedly  beneficial  eflecis  upon  all  the  digestive  functions,  even  when 
the  quantity  of  water  is  quite  large  (a  liter  with  each  meal) ;  provided  that 
the  food  is  thoroughly  masticated.  It  aids  the  digestive  action  of  the 
saliva;  increases  the  flow  of  gastric  juice,  its  pepsin  and  acidity,  and  thus 
presumably  the  flow  of  pancreatic  Juice.  It  secures  better  absorption  of 
the  food,  thus  leaving  less  material  for  the  intestinal  bacteria,  decreasing 
tlieir  number  and  the  putrefactive  processes.  The  s;ime  beneficial  effects 
are  secured  with  distilled  water,  which  has  no  detrimental  effects  even  in 
fwolonged  fasting  experiments  (Hawk,  1914). 

These  effects  are  utilized  in  the  treatment  of  certain  dyspepsias. 
Water  is  often  useful  in  nausea.  It  is  also  valuable  as  a  diluent  for  irri- 
tant drugs.  Excessive  water  consumption  would  probably  be  harmful 
in  gastric  atony. 

The  secretion  of  ni-id  gastric  'iii^c  is  increased  (Hcidcnhain,  iSjy;  P»«io«;  Foster 
and  Lambecl,  igoS;  Sawitsch  nod  Zdiony,  1913;  a.nd  ylhtrsl. 

Even  so  c.c.  increases  the  acidity  and  pcpUe  activity  (juite  strongly.  The  degte«  of 
action  ii  not  influenced  malcrially  by  ihc  (juantlty,  tcmperatUTc,  or  by  the  presence  of 
food  (Bcnfheiin,  Kchfussand  Hawk,  ii;)i4). 

The  How  of  pancreatic  juice  and  bile  is  also  stimulaled.  The  dilution  would  accel- 
erate the  action  of  lhediEestivei"n!,vm«i.  The  diaslnlic  efficiency  of  saliva  is  increased, 
the  optimum  bting  reached  with  i; ;  dilution  (Berglieim  .md  llawk,  I'ji.j).  The  ill)- 
f-kartt  of  Ihr  gasStii  [oHlinh  is  hastened  (at  least  after  a,  meal  of  meat,  although  not  with 
potatoes;  Hedboraiiiid  L'liiinon,  1009).  The  water  doe*  ni.i  actunlly  mil  with  Ihc  gastric 
contents  but  pai^^C!!  uIouk  a  trough  formed  on  llje  uiiisce  (Cuhnheim).  The  hunger 
coatruclions  are  allayed  ft'arlson,  13IJ).  Hawk  :ind  hj.t  pupils  (Howe.  MatliU.  and 
HAltrem,  iQii  and  iqu;  Utalherwick  and  Hawk,   1913)  found  the /ccm  reduced  in 
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w«ll^t  ud  conuimng  leu  oiirogen  (both  food  and  bacttnal).  tit  utiliMiiMrf 
f&U  and  cftrbohydcatct  is  qoi  alfts-tc<t  >  Blathcru-ick  aod  Havk.  IQI4).  I^alkil 
pHtttfattion  (fti  judged  by  mdioiiit  was  lciu.-ui^il  (Shcnrln  and  tbwfc,  1914): lie uilbir 
<i[  tlir  [ri;i.ii  ws«  iiicr«iL«ed.  The  cScrtt  are  dbtiitcl,  ollhough  Ibey  ire  MUuniy  M> 
very  t'rtal  Sa  healthy  lubltcts  (Splcgkr,  190O' 

The  Excretion  of  Water.— This  occurs  by  the  kidneys,  lungx,  »lila.  uA 
intestine.  The  relative  importance  of  these  channels  varies  with  condi- 
tions. If,  fur  InHlance,  llie  water  is  taken  hot  (■«>  oa  lo  fa\'or  ililatton  tA 
the  cutaneous  vessels),  it  will  act  as  a  diapkorrlic.  If  tlie  oomJitinni  irt 
not  favorable  to  diaphoresis,  it  will  be  excreted  mainly  by  the  kidneys. 
Excessive  (juantJties  of  water  may  also  l)e  excrelcd  by  the  intalim,  il  the 
condilions  are  favoiable,  and  may  thus  lead  to  diarrhea. 

The  Diuretic  BGfect  of  Water. — When  water  is  absorbed  from  ihe 
alimentary  Intct,  the  diuresis  is  prompt,  strong,  and  certain  an  long  a* 
the  kidne)-s  are  normal. 

Three  to  5,  and  oven  loUtenmay  he  taken  and  absorbed  in  tli«day,  ineuo.'itWot 
altering  Ihe  cunustcncy  til  ih«  lixc\.  If  a  large  quAnlily-  is  ingested,  a  kal!  la  ■^'^ 
fourths  may  be  cucrctcd  ti^  the  urine  within  foity-llve  to  ninety  minutes  (Utltiui'' 
Hawk.  191 1).  The  cuerrliua  may  be  (unxd  above  10  liters  per  day,  and  coMiantdloe 
Mveral  weekii,  apparently  mlhnut  deleterious  elTerts  to  the  kidoeyv  or  uthtralw.  Iki* 
doetnoteven  create  «Jt-hungcr(S'i1liiuiiii  and  lloflmann,  iqoj).  Tte  iliurttk tcA^e* 
of  msderale  quantllles  of  water  can  be  K'eatly  ciilianced  by  Inc  addiiloa  olcthH  A*~ 
relic».  but  if  very  large  quantities  of  water  are  ^v«o,  the  addition  of  dtoelin  I** 
no  further  eflctt. 

Hyfodermif.  anri  iiUmvriiDiu  tn'-Mion  uf  water  produce  UttJe  or  no  dlnr«iU  Biv- 
moto.  1014.  attributes  thk  to  deficiency  uf  salts,  and  004  to  the  p4XMluctiM  (I  >>3^ 
diuretic  substance  iu  the  allracntaty  canal,  at,  was  believed  by  Cow,  1914. 

Composition  of  (he  Urine. — The  urine  in  water-diuresis  becouM  rtxy 
dilute,  although  the  lotal  or  daily  excretion  of  the  diH^lvod  cuutitont^ 
is  generally  increased.  However,  there  ts  no  simple  relation  between  ib^ 
increase  of  tlie  dilTerent  constituents,  for  instance  N  and  CI  (Hdi«'* 
1906). 

Tharapeutk  Use  of  Ike  Diuretic  E^ect.— This  is  especially  useful  l»«" 
diluting  the  urine,  to  lessen  its  irritation  in  inllammaiions  of  the  uri»(>^ 
passages;  and  lo  prevent  the  precipitation  of  its  constituents  in 
cilculism. 
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Theurelically,  wali-r-diurcstt  should  alio  be  useful  (or  tbe  rtmmtil  pf  Mdt » 
frflOi  the  body;  but  lliere  are  lew  ptuilive  data. 

Ut*  in  /'rtrr.  — CuiJiing  (iQOfjbai  found  the  wl mini ftl ration  of  very  Urfei 
ot  oald  u-ater  (4  ounces  every  MIeen  niinule^  irhilo  aiiakc)  ut  vtcy  maikcd  I — - 
ifftuid  {nrr.     It  lerves  to  keep  Ihe  mmilh  rlean:  it  must  have  ■  diilinct  «»tip'^|~ 
«icct;  and  it  may  aid  by  clttninaliiiK  loxini  and  temt  products.     (Tbe  efl«Cl  *  ••■ 
in  (ei-er  has  also  been  Investigated  by  Schwcokenbtcher  and  laagaki.  iipoO.) 

Metabolism. — ^Increascd  ingestion  of  water  flushes  hUu  ud  tacU' 
bolitcs  from  the  tissues  and  tends  to  increase  protein  metabotim  i»> 
oxidative  change*. 

Incttasei  Xiliogtn  Exetrtion. — Theadnuntstration  o(  large  quan titles  of  walH  ow^ 
a  very  considerable  Itmporiiry  incetate  in  the  iiriiij'y  Hilr&tfti,  as  mucli  a>  uprrMft- 
(Neumann,  ifgg).  The  excess  is  excreted  mainly  as  urea;  the  uric  add  MUi(  ^^ 
Midianced-  Faithatl  and  Hawk,  191},  found  the  urir  anj  niifni  in  maa  dtcn*^ 
while  the  allantoin  was  incrciscd.  The  cKrctlon  o(  the  ufau«i>hAtcs  mkI  sulp^*** 
abo  incieawd.  The  removal  of  cldorids  is  so  extensive  tliai  tbdt  porcoiiu*  ta  v 
urine  sooD  falls  to  a  very  low  figim-  j 

Ollitt  Unitary  C«nuirauWs.— Wibon  and  Hawk,  i9t4.  report  that  tbe  i«p'^ 
additional  water,  moderate  or  abundant,  causes  a  teni^MTary  decreaac  b  th«  Wt^ 
put  of  ctUotU;  presumably  through  the  need  of  oqualuing  the  osmotk  praHMt  *  ** 
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rclainc'l  water.  The  antmifniufK  i»  inrrrA^d  (prctumably  at  a  cr)niet|ucnce  of  the 
hcighlcned  gastric  atidityj.  thv  phospkait  unchaiigcil.  Ihc  iicidily  viti:iblr. 

Smieased  Mttabotism. — The  eiceiiive  excretion  of  mclnbolitct  ii  mEuniy  due.  beyond 
doubt,  to  l!ie"^MiAini;niff"of  the  tii^uestiy  the  diuruEs  (Haas,  igo8).  Hut  if  ihi«  irete 
the  only  rausc,  Ihc  continued  excessive  adminislr-i-tion  of  wutcr  would  »oou  exhaust  llw 
ilored  waste  prwJucts,  and  ihcir  exccction  would  fall  rather  bc!i)W  the  normal  figure. 
Actual  mults  ^how  that  ihi^  holdis  fur  the  chloridi,  but  not  tor  S,  V  or  "A;  their  excte- 
tion  remnins  prrmancnlly  incrctised,  nlthouEh  it  doc  not  remain  at  the  origuul 
high  I'lguic  [Edsail.  1900).  There  must  ihcrefocu  \n:  ail  inctt'isr-d  production  0/  thae 
metabalitrj. 

ittlaboliim  in  AtiiianU. — This  conclusiotk  is  lunpnrled  by  the  rcMilt*  on  animals, 
althouxh  IhcHC  ar«  somewhat  different  f  rum  lh»^  obtained  on  man.  nogs  in  nitrogen 
e<liulibriuin  do  not  show  say  pcrmaacal  ehangca  in  their  nilrouifii  excri<tiun  when  four 
times  the  normal  quantity  at  water  is  administered,  notwithstanding  the  iiK'r<M»ed 
diuresis.  In  starving  do^  however,  it  may  be  incrcadcd  by  So  piT  tent.  The  eiplana- 
tion  oi  thpie  di!.i'ordant  mults  is  probably  that  the  removal  u(  the  water  by  diureila 
Icncps  step  with  the  absorption  in  the  fed  animals;  so  that  it  never  com«  to  any  consider- 
«ble  increase  in  the  water  content  of  the  body,  and  the  mclnbolism  it  therctore  not 
increased. 

"Alterative  Effect"  and  Use  in  Obesity. — W«tcr,  especially  in  the  form  of  mineral 
waters,  is  emptiiyeij  for  ih  metal)i>lic  ctlcctj  in  1  variety  of  obscure  conditions,  parlicu* 
larly  in  ■)I)C5iiy.  but  the  tciult?  arc  uncertain, 

It  is  dilhcult  to  nitdict  whether  the  btcnklng  down  of  protein  molecules  will  increase 
or  diminish  the  body  fat.  If  it  is  only  partis,  it  may  result  in  the  formation  of  fat  from 
the  proteins;  if  ciirricd  further,  it  may  lead  to  the  di-ittuttion  of  fat  as  wi-11. 

Local  Actions. — Water  is  mildly  stimulant  and  irritant  to  sensitive  surfaces. 

The  griiwth  of  artiticial  cultures  of  frog's  tissues  is  hastened  by  diluting  the  lerum  of 
the  culture  fluid  (Kuth,  ion). 

The  effects  of  baths  and  similar  hydrotherapcutic  measures  dtiwnd  upon  teflexei 
due  to  the  physical  action  ul  temperature,  etc. 

Distilled  Water.^Tlus  is  more  injurious  than  ordinary  water  to  the 
lower  animaU  and  to  €.\tised  tissues;  partly  because  of  the  total  absence 
of  sails  (espeitally  of  calcium,  thus  probably  altering  ihc  permeability  of 
the  plasma  membrane;  R.  H.  True.  1914);  and  partly  because  it  often 
contains  traces  of  copper  and  ainmoniuni  compounds.  This  tnxk  arl'iim 
can  not  oaur  by  the  drinking  of  disltUtd  'walcr  by  higher  anirnah.  which 
obtain  their  sails  from  food  rather  than  from  water:  The  salts  of  the  food 
would  in  all  ordinary  cases  be  more  than  suHiciciit  lo  cover  the  deficiency 
of  salts  in  the  water.  The  statements,  which  arc  occasionally  made,  that 
the  drinking  of  distilled  water  Icails  lo  toxic  effects,  are  therefore  entirely 
groundless:  Distilled  water  is  ofien  drunk  exclusively  on  ships,  with- 
out any  bad  results.  Nor  is  distilled  water  detrimental  in  nephritis 
(Marcus,  1907). 

Effects  of  Water  by  btmenons  Injection. — The  immediate  cITeoi  sof  smallamuunis, 
slowly  inttiidu'  cil  land  especially  of  hyp-xlfrmir  inictli'ins)  bear  a  )^'ncrai  resemblance 
to  those  followinK  the  iDJeclion  of  isotonic  .salt  solutions.  The  chongcs  in  metabolism 
arid  urine  are  probably  similar  lo  those  which  occtir»n  taking  water  by  ronulh.  Larger 
doses  ami  rapid  injection  introduce  important  modi  Illations.  Hemoglobin  appears  in 
the  urine,  from  the  hiking  of  the  blood  corpuscles.  The  respiration  h  slowed  and  the 
blood  iiressure  is  lowered.  The  central  ner\'ous  system  shows  rather  lale  paialj'sis  and 
ConvuuioDS.  The  diuresis  is  (juile  smHll,  since  the  hypoisotonic  condition  of  the  blood 
■bnfa  the  renal  circulation  by  the  swelling  of  the  kidney  cells.  The  excretion  of  water 
occurii  mninly  by  other  channels,  so  that  there  i^  us^uallv  a  sr-r»iis  diarrhen.  inrrcasei) 
Mllvftiii)n,  etc.  The  (Mai  doM  ut  water  (by  jnlruvcnous  injecTionI  h  somewhat  smaller 
than  that  of  normal  saline  solution;  distilled  water  is  again  somewhat  more  tuxic  than 
well  water. 

The  Withholding  of  Water. — This  affects  the  meiabulism  In  much  the  same  wa^  as 
the  admtnislraliun  oi  sails  in  bj'perisolonic  solution:  The  eicrelion  ol  metabolites  i»  s( 
(it>t  lowered,  by  the  lessened  diuresis;  but  as  the  destruction  of  proteins  is  at  the  tuune 
time  increased  the  excretions  ol  metabolites  is  also  intrea.sed  after  a  time.  When  water 
is  given,  the  stored  metabolites  are  washed  out.  leading  to  a  very  greatly  increased 
eicretion  ll-indauer,  1895;  Straub,  r899;  Spieglcr.  igoi). 


i 


662 


UAKCAL   OF  PHARJIACOLOGY 


PREP.UtATIONS — WATER 


'Aqud,  U.S.P. — The  purest  natural  potable  water  abtaJdable. 

'Aqua  DnliiUM  (.\q.  Dc*t.),  U.S.P.,  B.P.;  Dutillecl  vrntcr, 

'Aqua  Drsiillata  Sltriliiula  (Aq.  Dwt.  Slcril.>,  U.S.P.— Sterilwcd  DUtOled  Waurl 
Injections  should,  If  poMibIc,  be  uned  within  forty-dght  hour*  after  ib  fntpvratioB; f 
old  disliiled  water  Is  »cr!ou«ly  cuntainiDaivi)  with  bacterial  product*. 


MIHERAL  WATERS 

The«  will  be  di»i;u»«il  more  in  dclai!  in  other plneei,  according  \o  their  in_ 
but  the  whole  subject  may  be  very  hrietly  summntucd  in  the  following  campUatfani: 

The  action  of  natural  uiincnt  wtiton'lui  been  known  empMcaUy  uncc  (cmoU  tima. 
Their  utc  came  about  probably  by  accidental  obtervation  and  alM  through  th»  nnrfad 
taste  which  tlicy  poisei!. 

Spring  and  Artificial  Mineral  WaterB.— A  ver>-  atrUtlnK  obstrvation  was  nrir  aatk. 
na.mely,  that  these  mine  rill  waters,  when  used  at  their  source.  appCJir  to  be  morccftctnil 
than  artificial  comjHiunds  oi  pr.ti^ticiitly  the  uimc  compoiitloa,  or  even  thaa  UwMBt 
water  wbcB  used  at  a  (lisiu  nee. 

The  most  diverse  eiplnaaiions  for  thi«  have  been  advanced.    Especially  in  the  cut 
of  thertnal  waters,  so-called  tcllurinl  fiircc»,somc  mytterioUK  property  unponed  tn  tbn) 
by  thecnrth.lMve  been  Invoked.     Sinic  t lie  discovery  of  mcUucB,  il  has  Men  foud  Alt 
some  minrrat  waters  are  slighllv  radioactive,  and  this  has  been  nied  to  eipUtB  dcit 
action.    Others,  again,  have  laid  great  !^trciu>  upon  the  prcicnce  of  minioal  tricavlwt 
dementi,  smnt-what  ujkiu  the  homi^upathlc  prlriciple.     Still  olbera  beiievc  tkal  At 
uriilitial  wuters — even  il  they  contain  the  tame  eli^mentiin  the  tame  proportion— ib>Mt 
contain  them  in  the  same  state  of  combination;  for  instance,  that  the  artifida)  witB 
would  contain  NaCI  anil  .MgSO,,  the  n^ttural  water  MrCI,  and  NaiSOi.    tlk^d 
course,  contrary  tu  the  demunbtratcd  iacti;  all  h)Iu  Lions  cunlajniog  the  same  pcopOld** 
of  the  Mine  inns,  will  have  these  Ions  present  in  thesamc  tUlcof  cambinatia(i,a»BM>V 
what  particular  Mils  wcTL' used  lo  inlrodticc  these  tuns.     There  tsnothinf  iaui)'(ftk« 
theories.     Mineral  n*atcn  ate  !>imply  uilutiom  of  the  in^re<licnts  of  the  Mil,  BMpMM* 
only  the  action  of  those  ingredienta  which  are  prctent  in  notable  amount- 

The  difference  between  the  water  of  natural  »uutc«i  and  (he  artificial  »oJutlMtt(*<> 
upon  other  causes,  which  are  sufficiently  eaty  to  appreciate,  but  difficult  to  repwdw- 

These  fatXon  trfcr  Urgrly  to  hygUtif.  and  climaSe.  A  large  pTOfionion  at  the  lA(» 
must  be  attributed  to  tile  re; I.  the  freedom  (rum  cure  and  bu^nMSpunuil3,lhectfaitfil* 
ini,-  effect  of  improved  hj'sienic.  atmospheric,  and  scenic  conditions,  better  refulUiM* 
all  the  habits,  of  diet,  exercise,  etc  The  mere  drinking  of  Urge  ciuaotities  ol  ftwl* 
also  siimc'lhinf;  which  it  is  dillicult  to  eofurcc  at  home,  but  which  the  patient  doe*  nP' 
larly  in  watering-places,  .\dded  to  IbeM  comes  finally  the  *pccJSc  actira  «f  ikt  <li>' 
solved  salts. 

Theeflect  of  mineral  fru/Ai  Es  purely  local  and  reflex.  There  is  pncikaUyiw«kwfJ^ 
(lanot  thcdissoU'cl  sall5  Ihroujih  the  skin.  TheeffcctiareioEencralllK  MUntai™ 
bydrti therapy,  excepting  that  they  arc  somewliat  (.ii'-njer. 

The  water*  o(  mineral  sprinuM  vary  in  temperaRue;  tho*e  below  Jj'C  arttlM 
cold;  ij  to  57-5*,  warm;  above  thii,  hut.  The  higher  temperatuieit  favor  abMCpBtSi 
and  are  therefore  more  favorable  for  alkaline  wateh;  cold  causes  motor  jliniiillM*  * 
thcatimentary  tract,  and  h  preferred  for  cathartic*.  _ 

The  molecular  conceotratioa  of  minend  waters  varies  consldciablv;  the  dcpn*- 
sion  of  freezing-point  it  [.oijofor  IIun)-adi  and  .^penta;  0.310  fat  Vichjr;  o.i;5f<' 
Csilsbad;  0.140  lot  Apolllnari!),  etc.  (ICo^lkewicji,  iXim). 

Clxsi flea tion.— These  waters  are  usually  cla»ifip<l  accordiaa  to  the  conlsintil  ais*- 
Various  dassifications  arc  current.    The  following  will  be  used  nerc: 

1.  Plain  Saline  (N'aCn. 

(a)  Plain. 
Carbonated: 


(b)  Alkaline  (XnHCO,). 
M  Saline  (N«,SO0. 

3.  HtiRnetia. 

4.  Sulphur. 

5.  Ch.ilyheate, 

Occasional  constituents  of  imaHinpattuceareCa,  I.  Br.  LI.  and  As. 

The  physiologic  clleclt  of  the  Blkj<Mt)r«f  thCMCUWiilucnts  nil)  be  divuMcdi 


MINERAL  WATERS 

tl)«ir  respective  hcadln^ud  irfU  only  be  very  brleHy  alluded  to  in  Ihu  pUce.  It  will 
tiao  be  impossible  to  tiJce  up  the  compotition  and  spcci&l  indicAlion&  ol  Uie  dillecent 
raineral  walcr^.,  in  anything  like  na  cxtiauslivi-  mannct.  It  will  be  ncceuorv  to  illu»- 
tr*tc  thcK  clai3»  on  aalya  few  well-known  waters.  It  nec\  scarcely  be  mralioned  that 
the  above  d.vi!iGcAtii>n  i^  nut  an  absolutely  iharfi  tne.  but  tbat  many  mineral  waters 
belouR  pirlly  to  several  classes. 

The  cctmriiKition  of  American  Mineral  Waters  may  be  iMcerlnincd  front  tbc  publica- 
tion!! of  Ibe  U.  S,  Bureau  of  Chemistry. 

1.  Rain  Saline  W«ters. — ^Thcse  are  used  ma-tnly  externally  tor  bathii.    The  ma*t 
typical  h  iea-wAlcr  (we  In'len). 

ArliJlcMl sffi-bitlhs  may  be  made  by  disMlving  4  per cenLof  waorroclcsa]lLn«at«r> 

Some  of  the  important  uline  soun.'a  are  the  following: 
European: 


Ptc  i.ooo; 


Kisungen'. , . . 
Baden- Kftden 

N  sub  dm   . 


T«nt>i>Fiitur*  (C.> 
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Ameriettn;  Sar^itoga  Congress,  New  York,  approaches  Ris9iD);cn. 

1.  CarbonatedWaters.— (a)  Plain.— In  these  the  COiisthc  main  constituent.  ThU 
aid^digeatiiin,  and  these  waters  are  used  mainly  as  plain  table  waters.  The  must  used  U 
the  artificial  soda-water. 

An  example  of  a  oatutal  carbonated  water  is  Apollioatis: 
PtT  1.000  Cm.: 


Niicno, 
t.t 


XbCI 
*-4 


.NmSOi 


Tanp. 


(b)  AlksUme.— These  on  taitk  a  notable  amount  of  NaHCO,.  They  have  the  alkalioe 
eSects  and  ate  therefore  u=etul  in  gastric  catarrh,  hyperacidity,  hypersecretion  of  mucu*. 
and  as  diuretics,  in  o!)esity,  gout,  urate  stones,  and  diabetes.  Ttiev  art  mu>il  useful 
when  taken  hoi  and  drunk  very  slowly,  since  in  this  way  they  cause  the  least  irritation 

I      10  the  stomach. 

f  (c)  Alkaline  Saline  Waters. — These  waters  usually  contain  in  addition  some  NatSOt. 

The  indications  for  use  are  the  same  as  for  the  preceding.    The  coid  waters  contain 

'       more  COt  (.Marienba/i  and  Frnnzcnbad).    The  hot  alkaline  iratcrs  are  very  numennia. 
The  following  may  be  taken  as  examples: 
Eufoptan  Carbonattd  Alkaline  Waters,  per  t,ooo: 

kN'aHCOi      Free  COi 
Vichy' S.O  S«> 

Ems 1.0  500 

Sdtera 1.1         1,100 
Spa.  Pyrnwnt,  Wiesbaden. 

AnurUan:  Saratoga  Selters,  Saratoga  Vichy,  Sweet  Springs  of  Vtr^nia,  Gettytburg,  etc 


NiCl 
1 .0 


Nm80. 

o.a 


(d)  Of  the  carbonated  saline  waters  the  most  representative  Is  the  Carltbad. 
formuia  for  the  artibcial  salt  is: 

K,SO. o-ia 

NajSO, 1.64 

SaHCO ».!« 

NaCI 1.08 


Tbe 


6.00  Cm. 

1  nnnala /«  Artijtcjot  JCiuiKKn  (K.P.): 

fMoiuro  Chlirrut.. ,,,',,„,,...,,.,.,,. IT 

BMiutn  Chlorld. m 

MaaDOium  Sulphate ..,     19 

BooiDm  BiciirbonMie lOT 

Twaaty-four  ininj  of  lli»  to  S  ouaeei  of  tnUc  CM  tNipoon  to  t.  tuabtar)  U  tha  uaual  doM. 

t  Formula  M  ArUacM  Vkhy  {K.P.): 

Sodium  Biurbonste. tti-oG-a. 

PoMulum  Cubanate 3'S  ^<»- 

Mnonnium  Sulphate ]S.5  i}'"' 

SoiSum  Chlarii -... ■•     75-*  Om. 

roarlHii  itnins  to  b  ounca  of  watir  (H  tojpooa  l«  a  tunblM)  is  tbo  doH. 
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This  <|unnlitv  (»  Irospoonlul)  i»  the  proper  aoiouai  for  a  liin  (qnut)  of  *i(er. 

3.  MsKDCsia  Walere.— ThcM  lonUin  >)gSO„  Nb,SO.,  CnSO,,  MkOi,  bui  dj  CD* 
Tliey  .lu-  iii^i'ful  as  cA1ha(Ii^1^.  If  ih«y  tonuin  C»CO>,  the  alk»IInc  actiim  ttuo^ 
di-cpcr  into  Lhc  intciUnv  tlian  in  Itw  caix;  of  NaHCOi. 
£ltropcan.  in  i.oooGm.: 

UnSO<        Ni»SO>  CkSO.  N'aCI  MgO, 

Hunyodi  Jinoi 31.3         ii.j  ...  t-$  

Scirffiu 13. s         1.4  ...  0.4 

Kpsoin  and  Fri«drididu]l  belong  to  the  ume  clus- 
Americaii:  Crab  Orchard,  Kentucky;  and  Bcdlurd  Sprinp.  Ptriuiiylvonia. 

4.  Sulphur  W>ter9.—Thc*e  con  luin  lr«p  HiS  and  lutphiili.  ExtcttUIly  thtjp  1 
Ute  the  hVin  nn<1  ^uiic'ii  tli«  cpideimis-.  inlernnlly  they  acl  lu  cathartks.  They  hifr 
connitlFrable  rqittlatian  in  the  treatment  nf  chronic  rh«uniatiiim.  Some  auafha»m 
jUx-ln-Chapc1lc.  Harrogntc,  VirginU  Sulphur  Springt,  The  folloviitR  irill  gin  u  iia 
of  ibcir  compoHitiuD: 
/tt  i.oooGm..' 

PfM  tliS       XuSO.         NaCI  Tap. 

Ais-ks-Bsins o  003  o.og*        o.ojo  *4* 

5.  CtutWheate  Waters. — Theie  cuntato  t'e.  usuhIIv  m  bicarbonate,  abo  NaCI  mi 
NatSO,.  The  amount  oi  iron  is  (rom  0,01  to  o.ii  of  VeO  per  liter,  Th«  iKMlfaiBa 
8pring><  ate:  Tunbridgc  and  Brighton  In  EnKlanil;  Pynuonl.  Winbadrn,  tad  Spa* 
ttic  CuntinenI;  Bedfivd.  Pitl&buig,  Brandywioe,  and  ic%-cral  Virginia  ipriap.  a  it 
Uoilcd  States. 


CLIMATE 

ThiK  h  of  4uch  great  importance  in  the  uLiion  ol  mineral  waten  that  tl  nay  I 
fussed  in  tlii»  place.     Only  the  roughest  skclch  can  be  fiven.  and  the  it«  ' 
refer  lo  special  tcxt-bookt  fnr  tiirlh«i  dcMiriptinn. 

The  princt|)al  elements  which  enter  into  the  climate  are  the  taltowinf: 
Purity." 

Density  (.\llltudc). 
I.  Air;     Moisture. 

Temperature. 
Special  Contliluenls.' 
1.  Sunliiilit. 
J.  Water.  Purity  of. 

4.  Conditions  of  Life — comfort,  hy^ene^  rest,  divtnion,  pk«Mnt 
outHjf-door  life.  dr. 

The  subject  of  climalology  it  very  lartiely  empirical.  The  Hurt  wUtfc  h»»  »* 
done  on  the  effect  of  the  different  dimntcs  upon  metaboliun,  nutrition,  etc..  »•*!'' 
too  limited  lo  be  of  great  value- 

Tbc  principal  eltmules  usfJ  in  tkrrafrulira  are: 

I.  Sea. 

1.  Dry  and  Warm. 

3.    KtcvsU-d, 

I.  SeaCUmate  (Including  Islands  and  Sea  Voyacaj.— The  Impotunl  eAteui'tb 
are  rel.itcd  to  tonilunl  Icmpcralurc  humidity,  and  purity  ot  the  atmcephctr.  *ii  * 
Kcncral  surrounding  conditions. 

This  ilirtiatc.  bring  very  restful,  is  especially  uieful  in  caMi  oJ  ova  wort.  i» 
freedom  from  alraoipheric  impurities  al»o  renders  it  valuable  in  hay  fever  aaJpM^f* 

1.  Dry  and  warm  dinate,  hiich  .^^.in  dei-erlsand  Kgypt.  southwcatcraTaia.illM' 
Southern  L'aliforniu.  or  in  the  pitie  Mctiuns  of  (ieoncia  and  the  Carollitti 

The5|>eL-ial.idvflni.-igv'<if  thi?  climate  consists  in  it*  pcrmillinKtHitiioot  Web  "iW- 
Ills  peculiarly  valuable  in  lung  disorders  wbich  do  nut  stand  a  northern  lelPpwaiait. 

'  Puriiv:  Thii  rrlrn  opctUlIy  to  iIib  abMnce  of  lucurria.  but  utWr  IU*4  '•WW*'"*'* 
Ih  at  imiKirl4i]ctf;  '-t-.  the  cauulicm  of  hd/  ftver  1^  ikjIIpr.  1b  cilia,  wmnei^  chmMtp'*" 
also  h9  arlirutinnt  impiiriti^i, 

•  Of  (Ucb  tpfcial  oonitiiuTiiti.  iht  srainalic  oilssiitn  oS  by  ncadls-miM  ina]rb*<'< 
value  as  ■niixfiic*  ind  ilimuUnli  in  iibttiiiit.  Tnr  timaoce  oC  aaiat.  It  n  is  «<  »]'  J 
serves  msinly  ta  ■ndii:al4  iho  gci^^ra!  purttv  of  thp  4liniiii}ihm^ 


3.3l«vate<l  Climate*. — These  ate  generally  as«plic.  and  Ihe  air  is  cool  and  dty. 
Wnuit  impotUnce  tan  be  given  lo  (he  rareUctiuii  uf  the  attnoipherc  it  not  ai  pr^vnt 
clear,  ^Ult  Icfs  the  manner  in  which  this  acts. 

The  mle  of  the  heart  and  re«ipiratioR  is  at  fint  Increased,  but  later  U  return*  to 
normut. 

The  quantity  of  urine  is  increased,  as  also  the  ^»coli»  metabolism  and  reipiralury 
quotient.  The  nitrogen  excretion  is  dimini&hcd  Qacquet  and  Stihclin,  igoi).  The 
blood  becomes  rapidly  mote  cuDCenlraled  in  corpuscles,  and  the  Herum  in  proteins. 
The  ibfolute  itinount  of  corpuscles  and  of  hemoglobin  ii  not,  however,  much  increased 
at  iirsT,  but  notably  !»>  laler  (Jacquet,  1904)' 

These  tlimates  cause  improvcmcnl  in  a  number  of  conditions,  probably  in  part  due 
lo  a  greater  ciertise  of  the  organs  from  climbing,  etc.  They  are  usrful  in  dyspepsia, 
anemi.i.  clilortisis,  insomnin.  asthma,  and  eoti!>umption, 

Hiich  climates  arc  unhmrabU  to  feeble  conditions  of  the  heart  and  vcuels,  which 
cases  should  be  sent  lo  the  seashore. 


DIURETICS 

Diuresis  (increase  of  the  quantity  of  urine)  is  produced  by  many  »ubslance«  acting 
by  various  mechanisms,  and  belonging  to  dlfferetil  gfuupi.  The  whole  subject  may, 
however,  be  summarised  in  this  place  as  a  considirrable  proportion  of  the  diuretics  act, 
at  least  in  part,  by  °alt  action. 

The  details  of  the  actions  of  diuretics  will  not  be  discuucd  in  this  summary.  They 
may  be  found  by  referring  to  the  indiiindual  drugs. 

Diuretics  may  be  divided  intu  the  following  dulses: 

I,  Acting  Through  changes  in  the  general  circulation. 

3.  Acting  purely  by  local,  irritant  slimulatiuii  ol  the  Icidney  ceUn. 

3.  Acting  by  non.irritani  stimulation  of  the  kidney  cells. 

4.  Acting  mainly  by  salt  action. 

I,  Ditifetics  Which  Act  by  Influenciog  the  General  Circulation.— Tlic  secretion  of 
urine  is  roughly  prii|»iilional  to  the  glumeriiUir  blood  picssuie.  This  may  be  raised  by 
increasing  the  work  ul  the  heart,  us  by  Ditil'i!''  I  wl]ii'li  aii-  ^Im,  by  increasing  the  pulse 
»rave,  lessening  ven-nus  congestion,  and  rendering  ilic  Lkidii  hyditmic).  Vasoconstric- 
tors generally  act  very  [loinTfullv  i>n  the  ri-nal  arlcrii>lcii,  sii  that  they  lend  to  lower  the 
glomerular  pre^ure.  notwiihslatiding  the  rise  of  j|;Fnerul  blood  pleasure.  V'asudilutors 
also  tend  lo  lower  the  glumenilar  pressure.  They  are  useful,  however,  "'hen  a  vaso- 
tonstricliiin  l>  lo  be  coDnlcnirleil, 

3.  Irritant  Diuretics. — Moderale  irrilalion  raises  the  glomcfutar  pressure  by  dilating 
the  renal  arterioles.  Il  is  conceivable  that  it  also  sliinulutes  the  vital  .letrelory  aclivitv 
of  the  cell.  Exctisivc  itriliitiun,  on  the  other  hand,  produces  venous  congestion,  which 
hinders  the  fillraliun  of  urine  by  compressing  the  tubules.  The  cells  are  sImi  injured, 
«s  shown  by  the  appearance  of  albuminuria;  and  their  permeability  is  thereby  lessened. 

Irritant  diuretics  are  ve^^'  numerous  and  only  a  few  of  the  more  important  can  be 
mentii>m-il ; 

(j)  Kitfitlial  Oils. — Especially  tutpenline.  juniiier,  cubeba,  etc. 

<i)  llydrotarhons. — Alcohol,  ethyl  carbamate,  hciamclhylenamin,  etc.  These 
pfoducc  only  a  mild  irritailiin, 

(The  diuretic  action  of  beer  is  due  mainly  to  tbi;  rapid  ingestion  ol  its  water ;  at  least, 
Raphael  C1S94)  failed  to  discover  any  difference  in  the  daily  cicfetion,  whether  a  liter 
of  water  or  of  beef  was  taken.) 

(*)  Absorbable  Mtt-il I. — Hspetially  Calomel, 

id)  Gtuciisidi. — These  are  closely  reUted  to  the  aromatic  scries.     Here  balong: 

Broom  Tom  (Scopariusj.  These  owe  iheir  diuretic  action  to  Scoparin.  The  alka- 
loid Spartein  (see  Index)  does  not  contribute  lo  il. 

Asparagus  tops  seem  to  act  ^milarly.  They  nre  given  in  5  c.c.  doses  of  the  Buid- 
exlnct. 

Corn  Silk.  Triticum.  Ouaiac,  etc.,  may  be  counted  in  this  group. 

CarUhatidin.  Aloin.  etc..  are  too  powerful  for  therapeutic  une. 

{f)  Acidi,  Alkiilirs.  iind  Saiar  Salts  (tiolaMy  SUratni  aie  also  mildly  irritant. 

3.  Stimulant  Diuretics.—  This  is  the  place  icenerally  assigned  to  caffcin  and  iheo- 
bromin;  piarl  .if  their  elTetl.  however,  is  due  to  peripheral  dilation  of  the  renal  arterioles. 
No  irritant  action  has  been  described  (ot  callcin  and  theobtomin  even  for  large  dusai; 
but  it  has  been  noted  with  theocin. 
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4.  Saline  Di»reUc&— Waltc,  k&Iu,  sugan,  um,  ttCi  act  by  leittUDS  tbt  naStt 
of  tbc  1)l>iod,  thiTcb)'  incrcming  iu  filtralnlily  oDct  nisine  tbe  glonieraUi  pi«wir,lf 
■tuinkitig  Uie  n-iuUvlU;  iuid  Ijy  preventing  th«  rMbaorptW  of  wBUT  Ifan  lUlMk 
finriscd  rciul  artco'  >i^  mnrkcilly  tlilaicd  liy  urea  or  to^um  Milplialc,  wUk  tbotkM 
no  effect  on  caroiid  acicry  (Cuw,  tg:  1),  Id  additioa.  it  is  nui«r  prabaUe  tlM  Hv 
ause  the  «iiniulauon  01'  ihc  vital  activitir  of  the  Icidocv  cells.  Thk  tt  taoUfKataai 
IB  the  case  of  nulk-tUKur;  urra;  iixllds;  nitratci;  slkallta;  and  acidk 

WDlf  may  be  ttadttvd  more  palntubtc  by  carbonic  acid,  o(  by  ^vidg  it  ulwitrii^ 
Of  as  tc««.    Tlicse  additions  enhance  ils  diuretic  cITccL 

Ntrmal  Scline  solution  [nay  he  injected  liypodermically  or  by  rectan. 

UOh  ia  a  very  cificicnt  diutriic,  acting  piirtty  by  iu  water,  portly  bf  ta  m$l- 
MDk-«uear  And  Urea  arc  given  in  dote*  of  10  to  jo  Gm. 

DUuUJ  tnortanic  AtSU  (in  the  form  of  lemonade)  arc  rather  too  Irritisi  u  tte 
stomach  and  kidnc^t,  and  ate  to  b«  u*ed  only  if  an  odd  action  it  diatiactly  Iadk*t>A 

AlkttlUs  arc  ctuite  cfFcrtivc;  they  also  rtudcr  (he  urine  alkaline.  FrtClftalniM 
carbunutei  arc  n<tt  utcd.  bince  iliey  interfere  with  dise&tlon.  The  effect  Is  ^lalaril'* 
mianU  aeiit  and  their  sails  (eipeciaUy  th«  acetate  or  dtrale  of  potasmuB),  «bU  M 
oxidi^ted  tii  c.irbonntes  in  the  liody. 

Ivilidj  •in>7  S'ilrjiei  a,K  civen  a«  the  potatalum  talts.  'Dteiodidacls  loopMKABr 
on  other  Cuni:  tioni  lo  be  uicd  a*  a  puce  diuretic.    The  rcputa  tion  of  lIUuuiBblUUMiW 

The  coiapanitiTe  djuretle  effect  of  thctc  druss  on  normal  man  «a<  iflvctfialri*T 
Raphael  {1804).  who  placed  himielf  on  a  unlfwin  diet  for  nrolosBcd  periods.    Hec* 
sumed  di^  t,iSo  c.c.  of  iluid;  the  quantity  of  urine  on  taiidkt  amauatdl  ls;pi*_ 
960CC.    Under  the  Influence  of  druRs,  It  wat  Increased  by  the  followloa  tKweatw 


1,000  c.c  water — 100  per  cent, 
1,000  c.c.  carbonated  vfater — 73  pet  oenL 
1,000  c.c.  beer — too  per  cent. 
1,000  c.c.  claret — %a  per  cent. 
1,000  c.c.  milk — 1 53  per  cent. 
30  Cra.  milk-fLUgar — 34  per  cent. 
o>4  Cm.  turpentine — it  percent. 
aaGm.  01.  Juoip.  +  1,000  C.C.  water— III 
per  cent. 


O.S  Cm.  CaffetB-Sod.-SsUcrl.-t' 

per  cent, 
0^5  Gni.  Diuretin —  *  pcf  cMl 
t,S  Gm,  Diuretin  —14  pvcut 
3.0  Gm.  Dinretin— SJ  fm  CMt 


In  dii4itte,  the  tmdis  wouM  orobably  not  be  ituito  the  same.  Th«  chciceid 
diuretic  muit  be  determined  by  tlie  condition  o(  the  kidneys,  and  by  the  objstlW,'* 
accomplished.  (In  dogs  with  %*ciica1  fitlula,  Cinabefg,  1911,  found  aHlc  lendecs^ 
than  wtttcT.) 

Combination  of  Diuretics. — A  combinittioR  of  several  dhiretks  is  oftca  nest  rfa* 
live;  they  arc  giMicr.illy  adminiitcred  with  plenty  of  vater.  ScblOMCr,  lOiJ.h)*"''' 
the  cotiibiituti'in  <>i  lallcin  unit  Intravenous  vMJlum  sulphate  gave  ■  poUMiiMd  t)S** 
Ristic  elfeci:  while  the  ciimbination  of  caflcin  with  tMobromin  or  theophjBs  I"* 
only  a  itimpic  ii'iiilltc>n  iif  their  .■urtion. 


Tlic  indications  for  diuretics  arc  as  follows: 

I.  The  removal  cf  liqwl  from  the  body,  in  lh«  various  fonni of  drspT' 
In  this  case  it  is  well  in  employ  them  with  as  lilUc  fluid  as  powibl^ 

If  ihc  dropsy  is  of  cardiac  origin  drugs  of  the  diKitali-t  fteries,  conto*' 
if  necessary  with  nitroKlvoerin,  arc  the  most  etficicnt  diuretics,  and  wt* 
may  also  be  added.  iT  U  is  of  mttaMic  origin,  bcnefiu  may  folio*  »'■• 
or  arsettic.  If,  however,  it  i»  of  renat  origin,  <liuretic.«  should  be  avoidt^ 
altogether,  and  recourse  should  be  had  to  diaphoresis. 

3.  To  remove  toxic  substatues  from  Ike  organism,  whether  these  b»** 
been  introduced  from  without  or  formed  within  the  body,  a  freesspp'T 
of  water,  in  the  form  of  infusions,  supported  by  the  irrilauta,  sill*!** 
tbcobromin.  fulliU  ihe  indication.  The  hypodermic  injection  of  l*f 
amounts  of  normal  salt  solution  is  a  most  effective  method,  trriu:^ 
must  be  avoided  if  the  kidneys  are  intlamed,  or  if  the  poiwo  ilj| 
irritant. 

The  efficiency  oi  diuretics  for  the  rctnoval  o(  polsoni  Iws  been  iraatljr  l 

They  are  practkally  useless  when  the  toxic  aabsUiKe  combmea  ■■  Uw  huij,  isdtl 


SODIUU  THLORIP 


I 


toxint,  titryehnm,  etc.  They  arc  rno»l  cffcclivc  against  islino  poiions,  such  as  magnes- 
ium (Mellzcr,  1^07).  Irritant  diuKlics  hasten  the  elimioation  nf  Phenol sulpboneph* 
tholcin;  ihusc  which  act  mechanically  do  not  (Rownlrce  and  GcrnKhly.  iQia)-  Chris- 
tian. iQi  J,  irieil  a  series  of  <huielic»  in  txprrimmlixl  ntphrilii.  with  iiracticatly  ncRutive 
resull&.  Clinically,  (liurelies  arc  gencrnlty  inciRcicnl  in  chronic  ncnhriliii.  in  the  abgencc 
of  edemas;  and  ate  therefore  of  little  value  Against  I  he  towmia  (Ciirislian  tt  al.,  1915)- 

3.  To  Dilute  the  Urine.— T^s  may  be  u&cful  (a)  to  render  it  less  irritant 
to  the  urinary  |>assages  in  nephritis  or  inllammalion  of  the  bladder  or 
urcthm;  it  ulso  serves  a  useful  purpose  in  frequently  washing  out  the  pua 
and  bacteria. 

(b)  To  prevent  the  formation  of  calculi,  or  to  remove  concretions 
fOTmed  in  the  urinary  tubules  (as  in  oxalate-poisoning). 

(c)  To  dilute  irritant  poisons,  whose  action  on  the  kidneys  ie  propor- 

Itional  to  their  concentration. 
For  the  dilution  of  the  urine,  water  supported  if  necessary  by  thw 
bromin  is  of  the  (jreatest  5er\-ice. 
Nephritis  contraindicates  irritant  diuretics,  and  such  as  will  become 
poisonous  if  they  are  not  excreted  (potassium,  digitalis,  mercury). 
Sin. 
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Genera!  Statement— This  constitutes  the  greater  part  of  the  electro- 
lytes of  Ihc  ^issuc■^  (with  certain  exceptions),  and  especially  of  the  fluids, 
of  vertebrates.  Its  ions  arc  essential  for  the  functionalion  of  most  cells. 
Since  the  ions  are  constantly  excreted,  espcclaLy  by  the  urine,  they  must 
be  constantly  replenished,  leading  to  the  instinctive  use  of  salt  in  food. 
Its  administration  to  mammals,  even  by  intravenous  injection,  pro- 
duces practically  only  osmotic  effects;  but  marked  ion-actions  may  be 
observed  bj'  eaqiosing  excised  tissues  to  solutions  with  or  without  the 
sodium  and  chlorid  ions. 

The  therapeutic  uses  of  salt  depend  mainly  on  its  osmotic  effects. 
These  result  in  stimulation  of  the  gastric  mucous  membrane,  leading  to 
its  use  as  condiment  and  in  some  indigestions;  under  suitable  condllions, 
s  laxative  action;  irritation  of  the  skin,  with  attending  reflex  stimulation, 
utilized  as  salt-water  baths.  After  absorption,  it  leads  to  iliuresis  and 
sUght  metabolic  changes.  Isotonic  solution  is  used  as  vehicle  or  for 
cleansing  sensitive  mucous  membranes,/./.,  the  nose,  and  for  hypodermic 
and  intravenous  injections.  These  saline  infusions  are  employed  in  hemor- 
rhage, collapse,  and  for  the  dilution  or  removal  of  systemic  poisons. 

The  intravenous  injection  of  strongly  hj-pertonic  solutions  isfalal, 
with  stimulation  and  paralysis  of  the  centra!  nervous  system. 

Retention  of  chlorid  occurs  in  certain  pathologic  conditions,  especially 
pneumonia  and  other  fevers,  nephritis,  cancer,  etc.  Its  mechanism  is  not 
explained.  It  may  favor  the  formation  of  edemas,  against  which  salt-poor 
diet  is  sometimes  eflicicnl. 

KaCl  Income. — With  ordinary  diets,  this  rnage8  Iwtwecn  10  and  1$  Gm.  per  day;  but 
its  reduction  t'j  s  Om.,  or  even  t  to  1  Cm.,  causes  do  disturbance.  Caniivoruus  animals 
obtaJD  a  sufficient  supply  in  their  food.  But  mnct  K  predominates  over  Na  in  the 
•ill  of  plants,  herbivnrn  and  nnimaU  feeding  on  a  mixed  diet  n-quire  additional  NaCl. 
This  need  has  led  to  iht*  i'l^linclivc  hjc  of  lliji  sail-  ici  repons  remote  from  dc]Ki5il5  of  tliii 
mIi.  aihc9  ■>{  plants  which  nre  rich  in  N'a  have  been  u>ed  hy  peoples  as  ignorant  as  the 
negroes  of  the  interior  of  Africa.  A  tabic  of  the  saIi  content  of  food  is  glt'cn  by  Leva, 
Arch.  f.  Vcrd,  Ktankh.  16 :  167. 
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DistribuHon  of  NaCl  in  the  Body.— The  oiMt  eiact  and  comprebeiuiiv  dtU 
tions  uc  thoK  of  Wahlgrcn.  i<>o>).  noil  P»illbrr|t,  iqio,  on  doBi-  Sindlu  n 
pirabnbly  hold  lor  iimn  and  utJicr  animabi.  The  cnlire  body  cuntaliu  about  oi;  { 
nol.,  ciprctscd  AX  CI  (o.ii  percent,,  Kowmnnn.  1910).  Of  thU,  about  iihifdH  all 
ikin;  ihc  ivEnaiiiderchicllv  in  llie  bluml.  muHzlci.  bonn  and  totestines.  ThcUfMf^ 
C«Otagco(CI  cxiiUin  theikin  (0.38  per  cent,);  then  Ibc  blood  (ivji  pcrccat.);  Umi* 
io.36  ptt  crnl.);  nnil  lunicti  (o.sf  per  cent ),  The  brain,  Imdc^  and  ialt;»tii)e* ''■l^ 
0.17  too.iS  pcrceni-;  IhcHver.  o.ij  per  cent.;  the  muscle*  only  0.07  pctcenL  .\criri- 
Ins  to  othct  dRlcrmiiulionn,  blood  tcnim  cnntaiiu  o.j6  to  0-43  per  cenL  (equiMli«l> 
0.9  lo  1  per  cent.  NaC'l);  Millva,  0.16  to  .014  per  ceet.  CI;  the  human  tntatlMlJHi 
o.j8  to  0.67  per  cent.  -N'aCI;  iweat.  0.1$$  per  cent.  (Kovod);  human  KUtiic  "apftW* 
juiceo-4g  tt>o.sOj>cr«ftt-CI  (Cuilson,  1915).  The  r«l  blood  coriH*t«l«ti)«it»«o.»» 
0,18  per  cent,  of  CI,  aad  o.ii  to  Oi.jSper  eenl.  of  NaiO;  except  in  tomeaafanbfWK 
]na  and  rabbit),  whcoc  corpusdcs  contain  fimctJcaUy  ao  Na  (sec  PotaMkin).  TktU* 
riaconlent  of  liiernlire  humnn  buly  iieslimaled  at  60  to  ijj  rim.,  equlvMcMMifit* 
300  Cm.  of  XaCl  (Mjii;nui-I.evy.  igoO). 

Artificial  Variations  of  Chlond  Content.— Pad  ibcrg  itudicd  tbechuMafclbMivUi 
IntravtnoU'j  injcdion  i>I  X^iCI.  Tlerr,  aim,  Ihc  ^kin  maintain*  Ibc  hlRlittt  ptmaUpi 
but  because  of  their  crciill'r  TnilM,  Ihc  muACle^i  und  inteiliiies  lake  up  lh«  jtnaln  tb* 
lute  amount.  With  Cl-poorfood,  the  total  CI  eontenl  unk*  to  o,ij;  perwnl.,  *^* 
briiiK  Krcatest  from  the  skin.  The  ikin  therefore  actt  a.^  a  cfaloriil  depot,  ftoriu  ai 
t-ivinic  uCT  mo»l  of  the  excewive  or  deficient  CI.  Roaeniann,  191 1,  found  ihc  tUlnCi 
content  increased  by  100  per  cent,  when  dog*  wei«  ^vat  highly  tatted  food.  K'tkli' 
return  to  nnrmBl  diet.  Ihc  O  c"iitcnt  tfiumcd  lo  one  and  onr<half  timn  the  ortlwfl 
level  within  five  days;  the  furihvr  (all  to  normal  occurred  much  more  iloal), 

Chlorid  Content  m  DiBesse. — liicmocki.  1^4,  found  the  CI  of  the  blood mMEM'* 
nuincr<iii>  illsTJi^r^.  Javal  and  Adlcr,  tooti.  ilcicmiineil  the  ncrccalagc  ol  □  MdolB 
in  the  Dri;ans  iiflifr  death  from  I'arioiu  di^eBJ>»,  with  a  specif  rtf crencc  to  tdtwl '■' 
the  rciult*  were  not  dcduvc. 

Leva,  igt5.  ilnU-i  t)i.il  human  ctrt-ans  in  reniL  canllac  and  vosevbu  dbcwrHf 
contain  Iwite.  the  ^Itin  cvtn  three  time*,  the  normal  omoaat  o4  CI.  «Stbnil»<l» 
increniie  of  thrjr  fluid.     Similar  rtsulti  were  obtained  on  uranium  raMiiU. 

F,  C.  .McLean,  igij.  found  the  chlorid  of  the  pliimin  increased,  (linieall}'.ia  arin 
and  rrnnl  didurbnaccs,  and  in  pneumonia;  diminHhed  in  diabctct  anil  <nli  lUirrtii 
The  (hlorid  and  ureaoonirni  of  Ihc  plasma  do  not  ipi  parallel.  In  ureala,  ikedi^* 
lion  n(  blood -chtorid  is  concomitant  with  increased  hyttrogen  too  cuncentntieA  (MdA 

MJcrochemlc  Distribution. — A.  H.  Macallum,  iQojand  iQoJt.  lounil  th> tUmf^ 
abundant  in  the  inactive  tiuues.  ciprcially  in  the  inlercetlalar  ipacea  a«d  fa  ^9f^' 
inn  cells.  It  i^  nhu-ni  li^-m  thr  niiclH  fat  alu>  I'O,  and  K,  and  prob«My  aUffMB*' 
ganic  ions);  but  it  cKCuni  abundantly  in  the  cytoploam.  Nerve  lUwn  att  im*  j* 
etpedollv  the  uon>:  but  the  mycline  ihcaths  are  free  from  it,  and  wrve  «&(*<•■ 
very  Utile  (Macallum  and  Mentcn,  i^). 

Excretioo  of  HaCI. — This  occurs  mainly  by  the  urine,  only  a  sntHlvl 
being  losl  by  the  feces  and  perspiration.  The  fjtcrtiion  varlo  quinU'*" 
lively  with  the  ult  income,  but  (tcncrally  lags  somewhat  bcfainii  hi  <*'• 
The  administration  of  suit  therefore  producei  a  iemi>or»ry  actmaidilif 
in  ihe  tissues.  With  a  steady  income  of  salt  and  w.iter,  eqiiilihri<* " 
reached.  In  normal  man,  tn  three  or  four  days  (Borelli  and  Gtnirdi,  n'Jl' 
If  the  supply  of  salt  is  stopped,  the  excretion  falls  to  a  very  Iwdno 
within  three  day»,  the  tissues  retaining  ihdr  normal  sail  content  witli>i'7 
great  avidity.  A  small  excretion  (0.6  lo  0.9  Cm.  daily  in  man)  rosunA 
however,  sa  that  the  tissues  finally  lose  salt.  This  leads  to  the  pbnun* 
of  "  saJl-hmigrr." 

Fett^. — The  fersl  chlorid  excretion  in,  normally  inusniftcant,  but  in  nepWitt't*'* 
IMth  .i  to  ;  tini,  N.-iCl  |ier  day  (Javal,  J90j;  Halpcrn,  1905).  . 

Diurnal  Variations.— In  man,  Ihc  urinary  chlorid  excteUoo  b  ahrajn  fMa|g»* 
forenoon  than  in  Ihc  night,  independently  of  mealt.  Tbc  midday  mnltlMniw*^ 
the  excretion  bdnit  decreased  half  an  boor  alter  eatiuit,  due  lo  the  jtatltk  «n«f*«  ■ 
HCI.    Thia  tatia  an  houi,  and  t^  followed  by  marked  increaM  (tlcmaannuJaflA  W*- 

Time  of  Bnntlsa. — Clvinx  10  (im.  by  mouth,  the  wUitioiial  chlorid  ikM  ■■ 


ritliin  twvnly-fouT  ti>  foctj-cisbt  houn.  cither  b}'  diurcus.  oi  by  incrtn^eJ 
inir»liuu.  A  iunKcr  delay  iniiiuitn  imjxtirvd  pci  men  hi  li[y  u(  Ihc  kidney. 
ad  Taknyaiu.  igij.cnaiidcrthciialt  Dncliodid<;xcrrlionn>anind«x<if  tubiiUr 
rlicrciu  u'ulcr  and  InctoM' cxcrclioii  indiciilc  tlit  rtnul  vaiciiliir  (uiictiun.  This 
on  ift  bn*f(l  i>n  rithrr  ill-cij1)liihcd  nuumptionK. 

IM  o(  Other  Soils  and  Diuretics. — TIie  cxcrrtkn  o(  CI  csn  Im  hutmcd  by  Ibe 
itioc  of  irlalcd  »Mt«  (bmnudi,  iodidx,  nittalM.  iul|ihoc>'anids).  Conversely. 
UlratioQof  CI  hiulenti  the  elimination  of  llic^t  »nll<^.  .-ind  may  be  UKful  ngalniit 
d  btomiun.  Diurrtics  have  liltle  efleel:  the  <lrinkiftK  o(  larijc  <iiianlitin  of 
IMS  the  percenlitftfiil  Clin  ihc  urine;  [he  nbuilulc  quantity  may  be  unchanged 
lely  increasnl  (Kulon  and  Hawk,  igii).  With  do|cs.  th«abromio  and  callcin 
tlie  CI,  both  nbiolutc  and  pertcntagc,  independently  of  any  diuretic  cITeci 
Qii).  In  rabbits,  howrv«r,  these  and  other  diuretics  tend  to  Increase  the  CI 
proportiono)  to  thie  diumu  (Bonnamour  and  Imbtrt,  igii.) 

[id  RetentioD. — The  chlorid  excretion  U  greatly  diminished  in 
tes  of  nqjhrilis;  in  fevers,  imriicularly  in  pneumonia  (whefe  much 
tained  ia  the  cfiusion);  and  during  the  rapid  development  of  new 
ancer). 

'mi  tm  Fettr. — Thla  <raa  tint  detcribtil  by  Rcdlenbacher.  i#50.  nnil  hni  lircn 
<f  iavetligated.  especially  by  Roelimann,  iSSij.  The  low  L"l  [ictetiDn  in 
t  to  the  low  CI  income;  but  c^'en  vhcn  this  ii^  taken  intii  account,  there  U  a 
tie  drfidt  in  Ihe  output,  >'.'..  u  true  retentiuD  (Garralt,  igo4).  This  Is  npe- 
kcd  in  pncumnnia:  and  the  Clin  the  exudate  is  not  lufficienttooocount  for  the 
,  ThcrelalnedClictms  to  lie  distributed  indiMrindnately  through  all  tiwue». 
ad  Ca  are  also  retained,  while  K  ntul  Mg  are  excreted  normally  or  !n  (Mew 
I  tQij).  Mcdt|{rcr<Tanii,  igii.  found  a  comparatively  alight  CI  retention  in 
)  pleurisy,  and  none  in  pneumococcui  »cpticcmia  in  rabbits.  Thj»  Indicates 
tiention  is  connected  with  ihe  pulmonary  changes.  Snamier,  19:3,  attributes 
Ion  to  alteie<l  nil  permc-abilliy:  fur  he  claimj  uiat  the  aaoition  of  todium  sul- 
loodtnuia  thenatugecif  NaCl  into  the  corpuiclciia  fever;  wherea*  normally 
hcpatMgculClout  iif  thecoqiuicles.  The  "'hulp  nubjcci  is«i1l  very  obscure. 
UU  tOiSt  finds  that  the  diminislied  excretion  in  pneumonia  is  atsociated  with 
I  content  of  the  platma.    .It  the  crisit,  the  CI  incrcai«s  both  in  the  plasma  and 

DC. 

■#■  t«  Cimeer. — The  diminished  excretion  i*  probably  exiitainable  entirely  hy 
Oil  CI  income,  and  itv  need  for  the  formation  of  new  tiuues  and  traiuudalions 
tSoo;  Laudenheimer,  iKiii). 

i«N  in  tVr^AnVti.— This  was  menlioned  In  connection  with  edema.  It  is  most 
cur  in  acute  gtomerulur  nephritis  (Borchardt,  1411).  However,  in  rhinnlc 
the  ability  to  excrete  chUirid  U  generally  impaired  before  the  nitrogen  excretion 

;«"*)■ 

I  excretion  is  increased  in  Ihe  early  diuretic  stage  of  uranium  and  cantharidn 
it  M  usually  iliminislird  uiih  large  doses  of  uranium  or  chcomale.  The  Q 
bears  no  simple  relation  lu  the  anatomic  chaniceslAuhliii  and  Fi*enbre>'.  igii). 
'tU  far  .Vrphtitit-^SchUyn,  igii,  keeps  Ihe  palient  on  a  constant  diet  for 
lys,  then  adds  lO  <;m.  of  Nad  in  cine  dose.  This  execs*  Is  normally  cicrtlcd 
'caty-four  ur  at  most  (ortj-^iitht  hours  A  clctay  beyond  this  indlcatn 
d  permeability  of  the  kidneys  to  chlorids.  t'rolhingham,  191S.  clossilies  the 
rretion,  u-iiliin  forty-eight  hours,  of  8.5  Gm.  a*  no  letenlion;  4.J  dm.  as  f>light 
less  than  4. J  Gra,  m  con!.idenib1n  retentiun.  Bedtnicer  and  Schlayer.  loii, 
«y  a  "  nephrilic  test  meal."  A  strictly  sunllar  test  may  be  made  with  ure«,  to 
lich  should  also  beext^rrtcl  within  rorty-etghthnun<Monakow,  1914). 
a. — Dogs  with  piincr«alic  diabetes  excrete  only  one-tenth  to  one-stventh  of 
d  of  iMrnial  dogs  on  the  same  diet  (Rabens,  191 5\  With  diabetic  patients, 
the  "chlorid  threshold  "  of  tlie  blood  is  cither  unchanged  or  lowered  fMclxan, 


titnlsin  of  Chlorid  ReKuIstioD.— The  hlood  mitlntftin.t  its  chlorid 
-ation  remarkably  coiisuml,  and  even  the  tissues  undergo  only 
jy  changi-s.  The  rcgu!atii)n  is  ;nciim|>li»hed  through  llii-  adjust- 
"ic  urinary  excretion;  but  themcchanismby  whichlhii>iscontioUcd 
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U  noi  unilerstncHl,  notwithaUn<)ing  exlen»ivt  iii%-e»Uft»tlons.  llitpnl^- 
Icm  is  probably  unalogoiis  to  ihat  of  ihc  regulaUon  of  the  mgkrfwtol 
of  Lbc  blood. 

CoUadd-cUoiJil  Ctmbinatioa.—Onc  theoiy  {Forttct,  iS7j>aiMiimUut  tkmwi 
qiuntily  of  the  ult  «ist«  b  the  body  in  *  fomi  Cpcrhaps  a»  a  ttmbiinlitit  «Ulirfr» 
i«Nw}  in  which  it  cs»  not  pui  throuidi  die  living  kidaej^  TUa  Mh  b  ikiM 
letajned  with  srent  tenodty.  Any  cxccm  over  thb,  Mich  a*  ic  Donnkliy  [aeMfil,faha 
ami  filters  \-cry  rtscllly  Inlo  the  urinr.  Th!»  iVmory  oftnc*  with  IhcobwrviiiMtf  Stt 
nuirn  (iqoi)  that  the  bjectloD  of  those  ions  uliicli  are  clotely  relate*)  totUMUlm, 
Br,  I,  NOi.  SON)  JncreucK  the  chlorid  percentage  in  the  uiinc,  while  olhetioasdiM 
havGtluaeSect:  it  nuLy  be sMumcd  th»t  the  reUled  loiucan displace  thcchloridinalti 
protein  compouBd.  All  attempts  to  prove  by  chemical  or  phyweal  meihadt  Ibi  ts^ 
enoeof  tud  c(iinpoun<U  in  the  blood  hav«  (ailed.  Rona.  igia,f.i.,  thowtd  I^'oa- 
ptOMted  osmtihli^'  ihnt  the  CI  of  the  blood  diffuses  exactly  s«  If  it  wm  lo  the  fi6mij 
lOBJC  condition.  However,  it  is  itill  conceivable,  th*t  th«  sdwrptMD  al  the  cutUkW 
modify  the  Eilimbility  of  iliuotvcd  lubttonoe*.  M.  Htcbcr,  lOt;,  belSem  thu  iM>- 
tion  of  Mil  nnd  wnltr  arc  boih  due  to  imbiUtlon  ol  body  collojiit,  wlikh  IthKmM'br 
acids  sod  therefore  he  Ihlnlu  by  acido^. 

Ciuhny  (:90]},  attributes  the  chlorid  regulation  to  the  abaoelriBg  ncdiaiilMtf  lb 
tubule*. 

Chlorid  Throsbold.— Ambard  and  Well  auen  thai  there  Is  n  ccrtaJa  thtcih(U<f  U* 
NaCI  concentration  ot  the  plasma'— normally  s-6>  (Jm.  per  liter.  U  the  (iMCfBinii* 
(oUsIkIow  this,  no  chlorid  iscxcrctediif  it  rises  above,  the  cicrclion  varia  m  iht  qn" 
of  the  exccj*  (Mctxnn,  11)15), 

Limited  Salt  Income.— The  maintenance  of  a  ceriain  xalt  content  is  IndhfOHHiB 
the  body,  sodium  chlorid  being  especially  impoftant.  Animal  food  appcanUCMMB* 
sutTiciency  of  this  salt;  while  a  herUvorous  and  omnivmous  diet  is  iasuffidect Is «* 
respect.  Under  ordinar)-  conditions,  tlie  excretion  of  tall  keeps  perfectly jwaBdM 
the  Ktlt  income  (r'oik,  1848),  so  that  a  moderate  cxccu  oi  salt  income  »  piaai"^ 
without  effect,  except  alt  the  urine.  A  very  liniiiid  mU  iacocnc  (as  byaneaauN^ 
diet)  can  alM  bo  borne  tor  a  coniiidcrable  time,  bcinji  met  bvac<orrt8pondln|[dwl**> 
chlorid  excretion,  so  that  the  percentage  of  the  wit  la  lbc  l>lood  b(caicdytltm*l.u> 
no  ameral  symptoms  wjiuitver  rrtull.  Uoics  on  a  Cl-poor  diet  r«tala  Q  or  I  »* 
efSciently  tliaa  on  ordinary  food  (Sarvonat  nnd'Cmnien,  iQti).  The  iSmlBbld)^ 
come  of  toll  in  fever  iwems  to  have  no  delclcrious  effect.  Even  when  iheewMH* 
further  tncrcnsed  by  liberal  watcr-dl uresis,  the  patients  show  no  particular  t***^ 
sail.  Complete  abstention  from  (oud  also  doe«  not  produce  any  eflecti  i«<t/wt* 
the  absence  of  salt.  After  a  ten-day  faiil,  the  total  quantity  <ifCI  to  thcbodvUn'w*' 
by  only  s  per  cent.;  and  the  perccntap  of  CI  la  e^'en  above  the  normal,  Mcaiai^ 
tissues  disaupcar  more  rapidly  m  starvation  than  data  the  CI  (Ronensltn.  141  iX  ^y: 
rico,  igio.  found  no  change  in  the  fTeczing-point  or  CODducttvity  of  the  Utodisiss^ 
tlon.  The  Inorganic  metabolism  In  starvation  has  abo  been  studM  by  CslhCtIt  «* 
Fawr*Itt.  iijo;. 

Salt  Starvation, — This  may  be  produced  by  feeding  food  deprived  of  all  Hi  ■ui>'| 
Porstcr,  1H7J);  or  by  "deceptive  feeding."  abstrOiC  I  ins  iheKastrCc  juice  thi«i(h  saw 
(RoMmann.  iqii)-  Forslcr  found  that  piiceons  died  In  tnirlc^n  to  iwcaty^kt oqn 
do^in  twenty-six  tothirty-sixdays.  In  man,  an  absiineace  of  nine  days  is  sttlMM* 
not  dangerous.  The  subject  does  not  return  lo  normal  for  a  week  oe  two  after  leiOM 
the  consumption  of  salt  (E.  Taylor,  1404).  . .  ., 

The  animals  emaciate  rapidly,  through  aaorcila  and  Other  interfertoct  ■im'"iy 
lion  and  absnrplioa.  Great  muiculor  vcakncu.  and  tremors,  with  occaiionl  wy* 
sions,  nrc  very  prominent.  The  mental  faculties  arc  dnUed.  The  urine  and  Vwg 
contain  acetone.  The  loss  of  the  mineral  comtltueota  of  the  body  fa  relativdr  ^'^ 
The  N  excretion  is  fairly  eciual  to  the  income.  A  cans|Mcuaiu  change  is  the  iltti«ait|J 
the  excretion  of  taiMt  IlCt  (Calm,  ifUt6).  This  slOfM  ooraplrtdy  when  I^  "'^ 
stock  of  the  body  has  fallen  by  je>  per  cent.  (Rosemann,  t»i  j).  It  fa  nol  kMwi  hi»lw 
the  other  chanse*  are  due  to  mere  CI  loss;  and  how  much  thie  absence  of  Iht  otkst  W* 
contribute  lo  the  result. 

Salt-poor  Dl«t— The  use  of  NaCl-poor  food  ia  edemas,  etc.,  waa  discMwrd  <">f' 
64;.  Javal,  loij,  suggests  the  additioa  of  sodium  MMSd  or  bromid  to  IsipraWT  UsVU' 
of  the  unsallcd  bread.  Cl-poor  diet  has  also  been  employed  lo  enhance  tlwf«lM»s« 
the  bramid  ion  In  tfUtfiy  (Toulouse  and  Richct,  1900).  Indeed,  the  HBdaKy*"* 
braenid  treatment  has  been  referred  to  de-chloruraltoa;  but  this  Is  prabahly  ^MM* 
<*cc  Bfomids;  Januschke,  iQtj).  Tables  ol  the  content  of  the  vadooa  Bits  U  low'* 
gfv«o  by  Albu  uid  NcubierB,  MineialstodwechseL 


SODIUM   CHLORID 


671 


I 


I 

I 

I 
I 

I 


Sffftcts  of  Excessive  Coosumptioii  of  Salt.^Bv  meant  ol  the  regulating  mechsD- 
isms,  an  exa-^  of  these  Na  or  CI  ions  is  fliminateJ  very  promptly,  on<l  (oulii  nol  pro- 
duce any  veiy  large  effect.  But  even  when  they  are  retained,  tiicie  ions  ptoduit  only 
very  snail  acliani.  iot  the  amounts  oormatly  pieseni  aicftokrice  llint  ilic  artificiHl  inlriv- 
duclion  of  ordinary  amounts  will  not  increase  Iheir  ntlio  to  n  considemblr  cilrnt. 
Na  and  C  arc  therefore  tlie  most  Inijitfcrent  or  tlie  ions,  and  ttieir  :^all3  are  used  when 
the  effects  of  other  ions  are  to  be  tested.  Il  is  important  to  tcmcmbci.  however,  that 
they  are  really  very  e^cnlinl  to  the  proloplnam.  And  th.it  the  absence  of  cllccts  i&  due 
only  to  the  fact  that  the  variations  which  are  introduced  are  rclativdy  unall. 

Locoi  Actions  of  Salts. — Salts  in  isotonic  or  hypoisotonic  solutions  have 
liltle  local  action;  in  substance  or  in  hyperisotonic  solutions  they  act  u 
rather  mild  irritants,  without  destroying  the  tissues. 

Action  on  the  Skin;  Salt-baths. — Sodium  chlorid  and  other  neutral 
salts,  e.g.  in  the  form  of  sea  baths,  produce  a  mild  but  extensive  stimu- 
lation of  the  skin,  and  thereby  reflex  tonic  effects.  The  mechanical 
irritation  of  the  dried  salt  crystals  contributes  to  the  result.  They 
possess  an  advantage  over  most  other  irritants  in  that  they  do  not  injure 
the  epidermis. 

Alinientary  Canal. — Salt  produces  a  similar  stimulation  of  the  mucosa 
of  the  alimentary  canal,  especially  in  the  stomach,  i.t.,  before  the  salt  is 
diluted. 

The  action  is  deep  since  the  salt  will  stimulate  aU  the  cello  with  which  it  comes  Into 
contact  in  the  course  of  its  absorptiun.  Since  the  lalt  Is  quickly  removed  by  further 
absorption,  il  docs  not  cause  any  permanent  change.  In  this  way  it  differs  from  the 
majority  of  gastric  irritants,  which  produce  a  superficial  but  pen^i^teiil  action.  The 
stimulation  by  salts  may  therefore  be  continued  fur  a  curisLderabte  lime,  and  is  fre- 
quently very  useful  in  the  treatment  of  certain  coics  of  "atonic"  dyspepsia.  Salt  aUa 
often  aids  the  digestion  of  otherwise  dilTicultly  digestible  articles.  Roscnblal,  1907, 
observed  markedly  increased  iectetion  in  the  Pawlow  miniature  slomath,  depending  on 
the  concentration;  1  per  cent,  wa^  imlificrcnt;  greater  dilutions  were  slightly  stimulant. 

Pepsin. — W.  W.  Hamburger,  1515.  found  that  neutral  solutions  of  NaCI,  ev^n  in 
the  conccnltation  of  serum,  rapidly  dcslroy  pepsin.  The  inhibition  is  complete  with 
3.1  pet  cent.  NaCl;  scarcely  perceptible  with  0,15  per  cent.  Other  inorganic  salts  act 
Siimilatly,  probably  by  tibetatioa  of  OH  ions  (Hamburger,  and  Hulpem,  1015}.  The  de- 
struction does  not  occur  In  the  presence  of  free  acid;  but  once  cicslroyed.  the  ferment  ran 
not  be  rc-DCtivatcd  by  aciditlation.  This  reaction  is  prnbnbty  the  cqilnnatlon  of  the 
"anlipepsin"  of  llie  scrum.  Neutralization  of  gastric  Juice  likewise  destroys  Its  pepsin, 
since  NaCl  is  formed.  This  would  contribute  to  the  action  of  alkalies,  for  instance 
if)  putric  ulcer. 

Laxative  Action.— A  teaspoon  of  salt  in  a  pint  of  water,  taken  before  breakfast.  Is 
often  lai.itivc. 

Saline  Diuresis  on  Mitlc  Flow,— In  laclaling  goats,  with  liniited  water  income, 
diuretic  doses  of  salt  or  urea  decrease  the  yield  of  milk  and  increase  its  fat-content, 
pftMUaably  by  diminishing  the  available  amount  of  water.  The  nitrogen  of  the  milk  is 
not  {acreased  (Sieenbock,  191^). 

To:do  Action. — If  salt  is  given  in  large  amounts  and  concentrated  form,  the  irrila- 
llon  may  lead  to  a  strong  inuaraination^to  severe  iastramifHti^,  which  may  be  fatal. 
PoisotitHf  by  tnema  was  reported  by  Brooks,  igio.  A  pint  of  saturated  solution  had 
been  injected,  and  repeated  twice  at  hour  interval*.  The  symptoms  were  restlcssneM, 
thirst,  rapid  pulse, coma,  fever  (109°?.), f reriuent  micturition, dyspnea.  Death occurrea 
dght  hours  ajter  the  first  injection,  preceded  by  convulsioiis  and  bloody  discharge  from 
tbe  rectum. 

Action  After  Ahsorptioo. — The  ingestion  of  salts,  without  sufficient  water  to  tender 
them  isotonic,  mu^t  lend  to  tncrtast  the  salt  ccincrnfrulMn  nf  the  body.  This  increase 
aHects  mainly  the  tissues,  the  molecular  concentration  of  the  bloo<l  remaining  practi- 
cally unalleted.  Tbii  increased  salt  concentration  is  counteracieil  by  the  stimulation 
of  two  mechanisms:  a  desire  for  water  ilhirsi);  and  the  elimination  of  Idghly  hypcrlonie 
urine.  If  water  is  given  freely,  the  sails  arc  powerfully  diurflic.  This  leads  to  an  in- 
trMSfd  (KTrlian  of  mrlabotilfs,  partly  by  the  flushing  out  ot  stored  waste  products,  hut 
also  hv  Jif'cf  ilimulnlion  ii/  meUihoHsm.  If  the  water  income  is  restricted,  the  poot 
urine  flow  decreases  the  N  cxeretiun  temporarily  {l>Mgrc»  and  Gucnde,  1911). 
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The  cScct  upuii  thr  mciaboiUni  In  unccruin  In  lu  outcome,  as  U  the  dxl 
xllvtativcx,     ll  may  be  uacIuI  npcdnlly  in  obesity. 

Saline  Infusions. — The  general  effects  of  hypodermic  or  ioinvetBu 
injections  of  saline  solutions  on  the  cjuantity  of  blood,  lymph  and  urio 
an<l  th«  (ale  of  these  solutions  were  discussed  under  "Sail  Atu«i.' 
It  may  be  recalled  thai  the  quantity  of  fluid  in  the  bloo<i  is  lemponrily  | 
increased.  This  jiroduces  a  very  moderate  rise  of  blood  prwsuie;  im 
this,  perhaps  with  some  dtrirct  salt  action,  results  in  an  increased  ntdu- 
bility  of  the  respirator>',  \'agUB  (II.  C,  Jackson  and  Ewing,  1914)  and ivo- 
molor  centers.  With  normal  animals,  the  rise  of  capillar^'  ptcswit  'a 
large  and  persistent ;  while  the  rise  of  arirrial  pressure  and  the  medilhiy 
stimulations  pass  ofT  quickly,  but  without  noticeable  fatigue.  In  abimu 
whose  blood  prfs.mre  11  low — i>articu!arly  if  this  is  tlue  lo  hcinorrfa(r, 
saline  infusions  bring  the  pressure  toward  normal,  and  maintaio  it  (vn 
belter  (ji*r  figure).  Excessive  injections  of  saline  solutions  mtf  0»« 
dcalh  from  pulmonary  edema,  or  from  iivenli-'<tentii>n  of  the  h<stt.  E*w 
therapeutic  injections  may  produce  glycosuria,  slight  (cva,  ud  Brrf)" 
albuminuria. 

Thcte  cITcctt  arc  produced  by  all  uilti  trhoM  innt  arc  not  tpcafialljr  lak.'-jj 
by  nio»t  »o<lium  ulio.  Toh&vcany  rffrci.  ihcse  muhi  bcuMd  ia  rather  UigtM 
i.«.,  from  IS  to  s*  c-*^.  "*  ih*  eighth- molecular  wluiiun  per  kilagnm  o(  boif^  , 
Solution*  vhkh  contain  all  ihc  fiiiltfol  the  ncrum  in  the  proper  prannrtloiu(r.(..Un'l 
Fluid)  arc  Jorucwhal  belter  tlinn  the  normal  (olQ  per  cent.)  sodium  cbknoMbM. 
but  the  latter  suflices  tor  nil  pmclicnl  purp"*<»i  ^^ 

ICvcD  imnll  doKS  of  iwtonir  N'jiCI  mny  pniducc  chongM  in  Uond  ptCMore  "^ 
Rlnjict'ii  Mlution  or  tc'ucoic  liai  much  lc«i  eflect  (Seli|t,  1911);  ta  that  the  f^fji 
prolMbly  not  wbully  ostnolic.  Frogs'  vnods  arc  diluted  by  peifuaoa  «itk  NuJ 
(Hooker,  i<)ii), 

ViMffmnler  CtnUr. — In  narmai  animab,  injeoliont  of  to  to  40  dC  p«r  Mafffg*' 
ducc  onlj'  riighl  lUmulalion  or  do  change.  (Jccaaiunally.  wfaeo  tbcre  ii  wiIiHWW 
rl«eof  hloodprefsurs-,  the  vowcon-vtrictinn  i&nuitc  marked  (Pi]i  her  and  SoOmmiiil  It'''' 

Toxic  DoiM  of  Different  C«thions.~Jotrph  and  .Meltier.  igoT,  fanMl  <M 
MgCi;  wax  fatal  lor  mammali  with  a.}>)  (im.  per  kiingram  (i  ex..  ta/s  fa  OfV" 
per  minute] ;  Ca  and  K  required  about  double,  Na  twenty  timet  U  mucL 

Therapeutic  Uses.^Saline  inluac«i5  are  employed  to  tide  iht  jatitni 
over  acute  anemia  from  hemorrhage;  in  collapse;  or  in  alternatioo  *iflt 
bleeding  for  the  removal  of  poisons  (uremia,  CO,  etc.).  Direct  transfuiirt' 
of  blood  is  more  cfficii-ni,  but  more  inconvenient  and  often  inad»'i»"f 

ns«  in  Hemorrhage.— Saline  injeciiunA  arc  made  with  the  obj«(  <>' 
restoring  the  fluid  needed  for  effective  work  of  the  hearu  TTwrtstoitli'a 
of  the  blood  pressure  succeeds,  at  least  temporarily,  unle^  the  honorilaF 
has  reduced  the  pressure  to  the  level  of  shock  (Pilcber  and  Sotlmsn 
Downs,  1Q16).  Shoil  of  tliis,  tlic  temporary  benefits  are  often 
but  since  the  solution  docs  not  stay  long  in  the  vessels,  the  final  1 
is  not  greatly  influenced. 

Kwan.  i9ij,/.<..  found  that  rabbits  die  from  acute  hetiMrrhaicciibai  «b,;>oj>^ 
of  liloiid  are  luil  per  kiloq^ram.  When  thr  blood  was  replatied  at  once  by  linfh  >*» 
the  fatal  limit  hu<  jj.;  lo  37.;;  wlicn  replaced  by  Kiagcr't  wlulioa  js.A  bi  JI J  *^ 
per  kiloHr«(n. 

Colloid  lafiuiont. — The  attempt  has  been  made  to  prulonic  ilic  ilay  ol  the  MB' 
in  the  veMcU  by  the  addition  1^  gelttlio  or  other  colloidi  iHocan.  i^iif.  Ite*** 
liontprodueeleMdhircaiadCnmrlton,  iQiiJandarcBeBerally  leialnnlmuchlMlH^ 
Ihla  prolonged  (ojoum  of  the  colloid  Is  i^robably  inadvitablc.  and  it  ii  doabtlnl  aWM 
their  uw  i»  juilibcd.     Roger  and  Gamier.  it)ij,  luid  very  diiUNitasloit  trwlt*. 

BagaB,  191S,  advtMxl  the  [oUowios  tolulion:  Gelatin,  1.5  Cm.,  dliwilmd  la  uelA 
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of  water,  and  added  to  i,ooo  c.c.  of  o.g  per  ccnl.  NaCI  nith  i  Cm.  of  NmCOi  loIItO. 
Tliia  ift  injected  [about  500  to  750  c.c.)  until  the  blood  preuutc  Is  satisfnctoiy. 

Colloida  on  Diuresis. — Knuwitou  obser\'ed  thai  t,  pci  cttit  of  >|;dalin  ur  ol  K-ni-ia, 
added  to  Ringer's  tluid.  ptacticnlly  prevented  n  diuretic  response;  wl^creas  soluble 
stATch.  which  J?)Ht  leiut  etiually  liscid,  did  nul  inliibit  diurcsiii.  Tbu  effect  or  gelatin  is 
probably  due  to  its  water-alTmity. 

In  liic  cipcrinicnts  of  Ilogcrl.  Underbill  ;ind  Klendd,  191O,  the  urinc-llOH'  was  lu 
grtal  iviih  J  [xt  cent,  gtlutin  as  with  pliiin  snlinc.  The  Bclatin  jululion  generally  tefl 
the  L-iriruli^<.it>n  somewhat  more  slowly  than  plain  »alinei  but  not  alwaj's.  The  eelalin 
was  climinnled  Jrnm  the  blood  at  the  same  rate  as  the  fluid,  being  partly  excreted  by  the 
Lidneys  {Boycott,  1914). 

PlasmajiluereslB.—Tliis  term  was  introduced  by  Abel  lu  desicnale  the  replace- 
ment of  the  plasma  with  saline  solution.  The  blood  is  withdran-n.  tlie  corpusrle^  wpn- 
raied  and  washed  by  centrilugfttion,  suspended  in  o.O  per  teni.  Ni»(.'l,  and  teinjceted. 
In  this  way  much  larger  amuunls  •.■!  pla<.ma  may  lie  withdrawn  without  damage,  espe- 
cially if  the  procesi  is  several  times  repoated.  The  number  of  red  corpuscles  rises  at 
first  («.«.,  the  volume  of  lii|iiid  in  the  vessels  is  roducrdK  but  ultimately  they  decline 
slowly.  The  plasma  prolems  may  be  reduced  to  a  lliird.  The  urea  and  non-protcla 
nitroaen  of  the  blood  are  increased.  The  temperature  rises  slightly  (Abtl,  Rowntrec 
and  Turner,  1914;  Turner,  Marshall  and  Lnmson.  1015). 

Tiandusion  at  Blood.^This  was  tried  ctiniially  m  veri'  early  times,  but  with  disas- 
trous results,  since  foreign  species  were  generally  used.  Worms- Mueller,  18;;,  inveili- 
ealcd  the  Acute  and  Inle  elTects  i.>f  the  Itan^fu^iI>n  of  ihe  blood  of  the  •nmc  species,  the 
Isle  of  Ihe  blood,  the  therapeutic  lield,  etc,,  and  praclically  stated  our  modern  knuw ledge 
of  the  subject.  c«ept  some  lechnica!  details  (Scillmann.  1915).  lie  ihowed  that 
changes  of  the  bloixt  volume  between  23  per  cent.,  the  normal,  to  10  or  50  per  cent, 
above  normal  do  not  materially  alter  Ihe  normal  bl'xid  pressure;  attributing  tlie  adjust- 
ment to  vaiomoiof  changes.  The  pressure  remains  piaclically  unaltered  e%-cn  with 
extreme  plethora;  but  i.thcr  acute  central  symploms  supervene. 

P'Uf  of  the  Tr-tn'fiisrd  Bload.^.\s  to  the  further  (ate  of  ihe  animals,  Mueller  showed 
that  increasing  the  normal  ijuanlity  of  blood  by  80  per  cent.,  hy  slow  transfu'^ion. 
docs  no  damage.  Of  the  injected  plasma,  about  half  the  water  ha*  disippca red  from  the 
hluiid  H'ithin  iwo  bourse  the  remainder  leaves  more  slowly,  requiring  several  days.  The 
nlasnva  protein  also  disappears  promptly;  and  incrcosctl  urcn  excretion  indicatr.s  that  it 
Ins  been  metaboliied.  The  injected  corouscles  persist  much  longer,  the  normal  ratio 
being  restored  in  three  to  four  weeks.  He  therefore  concluded  tliat  the  usefulness  u( 
transfusion  Is  due  solely  to  ihe  injected  corpuscles.  No  diUcrences  were  found  between 
fresh  or  dcfibrinnied  blooil  and  blood  that  had  been  kept  on  ice  fur  a  day. 

These  obfervaiions  ha<-t  been  eonlirmed  by  the  niudein  investigators.  For  instance, 
WeinberKcr,  i^S,  found  in  dogs  that  the  waler  leovcs  the  blood  vessels  very  rapidly, 
Oiuing  diuresis,  but  not  neatly  as  great  as  with  NaCI  solution.  The  red  rorpuKrlet 
iCUt  lliua  be  raised  temporarily  to  over  13,000,000^  but  tliey  gradually  decline  during 
die  succeeding  days.  The  specific  gravity  rises  still  more.  Animab  invariably  clie 
after  four  or  nve  transfusion;,  with  hemoglobinuria  and  nephritis.  The  injected  blood 
probably  has  no  nutritive  value,  the  nitrogen  being  rapidly  eliminated. 

I ndkaliims  for  Tr^iHi/iision. — These  were  stntccl  hy  Mueller:  excessive  hemorrhage; 
carbiin  monoxid  poisoning;  and  some  chnimic  nmenins,  for  instance,  leukemia  These 
are  practically  the  modem  indication.s,  {f.  !.  Ottenlierg  nud  Libman.  1015). 

Saline  Inhisioo  in  Collapse.— This  may  hasten  recovery  in  temporary  collapse,  as 
with  phenol  and  other  poi&uos.  It  Is  of  little  use  in  the  lasting  collapse  of  fever  or 
Mverc  shuck. 

Use  ia  Uremia  and  Other  Intoiicattons. — Saline  solutions  were  eitei^vely  em- 
ployed as  diuretics;  hut  it  is  now  recognised  that  simple  injection  does  not  increase  the 
eliminjiiion  of  the  toiic  substances  sullicienily  to  be  of  much  value.  (Tlieir  iiifiucncc 
has  been  studied  by  Lt-nhatiz,  i^g.)  The  recoKnilion  of  the  impermeabihty  ul  ibe 
kidney  to  chlorid  in  some  ncphrilei  enjoins  spetiiil  cauiion.  Moscnihal  and  Sthlayet, 
1913,  claim  that  the  kidneys  of  eipcrimentnl  nephritis  do  not  respond  well  lo  NaCI. 
In  any  case,  saline  injections  must  be  used  cautiously  in  anuria,  and  must  not  be  per- 
sisted in  if  n  modetate  injection  does  no!  cauie  diuresis. 

Hypoisotonic  Solutions. — These  act  very  much  like  isotonic  solutions,  but  are  some- 
what mure  irijiiriuu^  jnd  may  lake  the  blood. 

Hyperisotonic  Solutions. — These,  by  abstracting  water  from  the  tissues,  produce 
•  much  mure  violent  stimulaiioo  of  the  central  nervoussystem,  passing  on  to  convulsions, 
but  always  followed  b>' depression.  Small  lntraven«u»injection»  raise  the  blood  pressure 
partly  by  direct  stimulation  of  the  heart  (Relxlaif,  1915).  With  larger  injections, 
Uw  blood  preisuic  shows  a  progieMlve  fall,  wllli  temporary  rise  during  the  sposma, 
u 
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The  renptration  ii  at  fin t  quichracd,  but  becomes  Uow  and  stuLUoir  u  tbt  blmd  | 
falls.    The  head  U  (|uickcncd.  feeble,  and  arytlimic.    In  the  later  ilogn  it  aqi  W 
doved  by  stlmuUlion  of  the  vtgut  txnUi.    The  Icmpetftlurc  rim. 

The  <Uurctic  effect  and  the  local  iirilaiion  arc  ah»  niu<h  imakier.  ^^ 

II  Is  probable  ihnt  some  of  the  phcnoeaciu  of  iirtmiji  are  due  to  s  bjpUta*"" 

condition  of  Ihe  blood,  which  may  reach  almott  double  ibe  nottnal  concenintkc  t 

tbit  condition. 

RMpiratotj  Metabolism.— Thix  it  inirtcMed  by  lalinc  injcctiam,  eipeciall)^  H  t 

tODic  (Kscdcr,  1415)-  ,  . 

Salt  Glycosuria.— Buck  and  Hoffmann,  1^71,  obamod  thm  IntnvcaMa  Jn^*] 
of  Nntrl  wilulion  into  fabbita  ptoducci  jnlyeoAuHa.     Tlii»  waa  coabrmed  fcjf  Mt|i| 
1871  (wito  aUo  found  that  it  doc»  not  iccia  to  occur  in  dogs);  bimI  tatcr  by  M.  FIkW, 
O.  H.  Brown  and  olhera.    The  clycosuria  ia  arenicr  with  rsjiKl  injcttkui «  U^'* 
ceatralioiu,  and  may  be  aboltihcd  by  the  addition  of  Ca  no*. 

The  imxhiinitm  of  the  salt  glrcoi>uriB  in  in  dispute:.  Underhill  aod  OmMIM 
claim  that  it  h  nccompanled  by  h)'pof:lyccRiia,  and  therefore  attribute  it  to  iKiiaM 
permeability  of  tlie  kidneys.  E.  l-ronck,  1913,  fxiled  to  luid  the  hypeclyetBiL  >m 
altribulesit  lopol>-una.  Willenko,  iqii,  itato  that  it  doe*  out  occui  attcf  NClidi a 
tlic  ^^lanchnics  and  tcfcr«  it  10  stimulation  of  the  centre)  ncfvous  tyMco.  fWitt 
vrork  11  civdently  needed. 

E.  ilirsch,  191  j.  repoTtK  hyperglycemia  from  intravenou*  injeclioa  of  tojmt^ 
KaCI.  The  ai,-tini)  is  ccntnU,  prcsuiDsbly  on  the  Kl>-oo»uric  oentei.  SdntiMX'  ti 
per  cent,  or  more  dilute,  even  in  large  quantftla,  do  nuc  locreaae  Ihe  bkid^vr, 
nor  duel  sodium  caibonatc  or  acetate,  nor  calcium  chlorid-  SodhuncutphaUthoM 
not  produce  hypciKlyccmia  (Kldaet  and  Melt^cr,  1916}.  UagneauB  ■olphaii.bi* 
ever,  doo»  »o. 

It  ia  intereating  thai  diabetic  puncture  and  uunduicof  the  fuuicuhu  una  la  mm 
increoae*  the  urine  and  the  petccntaee  of  chlorid  f."SM  pmtidun").  "ntmttj 
•Sect  is  iadejMndent  of  the  glycemla,  but  dcpcoda  on  iterrtMM  Impuliea  csiricd  tf  Ai 
tptanchnlcs  Ounitmann,  (414). 

Salt  POT«r.— Finkelitein.  tQoS,  and  Schaps,  observed  that  the  «(tfflioianti«  « 
lalt  to  infants  by  mouth  or  hvpodcrmically,  may  produce  fever.    A  tikht  raeiJW 

Eratur«  is  ^M  obatfvcd  in  adults  if  at  iraf't  n  litei  of  0.9  per  crni.  Na(3  tiiMW 
podermicatlv  (Binol,  iQio);  but  is  prevented  if  Ca  is  added,  ai  in  Kinfga'a  M*i* 
(Meyer  and  RielscheU  Bock.  19111  Burnett  and  Martin,  1916).  The  rite  isdxeMM 
byanincretucd  N  metaboUun  and  heat  production  (Prcuod  and  Grafe,  loti).  H)7«- 
tome  salt  solution  (j  per  cent.  KaQ)  is  much  more  cffecti\-c  iRoUy  taaOMjiu^ 
■914).  A  simil.tr  tip«  h  produced  by_  ihc  Inicclton  of  laotonlc  drxtrose  or  ladia^M 
by  indiEerentpartidei  (pamffin,  colloid  mctaJ»,  etc..  Bock);  but  these  may  hawi*^ 
cnt  orifnn.  The  talt  fever  is  not  due  to  intfction,  for  it  ocewts  with  mdMij'l^ 
Bsdutlona  and  with  oral  adn^nlstratlon  (Biniili  Fmnd,  ifM).  Il  it  thmfMf"* 
disiini-i  from  the  "water  infection."  the  "wajaerfehlet"  ol  WechidmanK,  1911; '-«- 
Ihc  fever  that  occuni  after  the  injection  of  tolutions  made  with  stak  illsaM  n"*- 
FinkelMdo  and  Bln^l  a6s<umed  ttiai  the  salt  fever  Is  cauMd  by  trritatSoa  tt  ^^ 
ccDten  by  the  cbemic  products  resulting  from  the  action  oi  the  Na  '-"  —  *•*"* 

FRF.PJtRATI<)NS — SODIUH  Cni.OKU> 

'Sodii  CUeHduM  (Sod.  CUttid.),  U.  S.  P.;  ISoJ.  CMor.l,  R.r.;  (Ci 
NaCL    White,  aystallliie  powder  at  purely  saUno  tasU.     Pmly  sol.  tn  nta 
nearly  in»ol.  in  ale.;  so),  m  ^yc.  (1  :io).    ClUorids  ore  iitcsmp>UitU  >(ii 
silver  aod  lead.    Dotr,  15  Gm,,  W  ounce,  U.S.P. 

•Limer  Sodii  CMorUi  Phytieheicuj  OJq.  Sod,  CUoc.  Phyalo.),  DAP. 
Salbc  Solotion). — 0.S5  per  cent. 
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DItEA 

Crcft,  CO(NHi)i,  Is  an  effective  dturtiic.  acting  probably  by  tttofk  ■■, 
not  toxic.     Howrvet,  llevtctl.  iQiAslntrs  that  irhcn  token  in  siifiidnt  UDMtf  (*"? 
the uri-nroncrnl ration  in  the  bloixl  above  lOomi;.  [ler  100  c.c.  osthienkliywiitW'^^ 

'Ilie  b(De6cial  cSects  do  periuaoaf  were  ditcuiaed  on  pop)  641.     II  isaH'j^ 
mioinlyby  thekidney(;a«aMllamo>UBtaUuby  tbea«(»t(o.ii  pet  ool., Ko««i)- 
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.  omUdI  of  the  milk  it  not  ittcrtnted  byarcn  adrainistntion  (StMnbock,  1915). 
oa  b  not  utUiBtd  in  nutrition  (Hrnriiiuot  And  Aniknon,  t9i4>. 
tItM  occurs  aiColorlmcryitiiU  of  cooling,  saline  I ii>tr.  t reel v  mlubti  in  wiit«r  (i  ;i); 
'"^lulilc  in  alcohol  (t  i?].    The  efleaivc  diuretic  il(i«e  would  be  lo  to  40  Cm.  per  day. 


SACCHARUM  LACTIS  (MILK-SOGAR) 

li  Thb  also  produi-e*  oMDotk  dStcU.  Nine  to  15  Gm.  (1  to  43  )•  >°  ««nn  milk  an 
^beoi  bdote  brtakiiui,  cnuMs  n  Mfl  »tool.  Smaller  denes  (puic  or  a.t  milk)  ate  ctlicieni 
'"«o[tfiut«is  ( ibe effective  done  would  be  too  to  aooGm.  per  dny).  Mllk-sugnr  is  also  u»ed 
toCacilitalc  the  comminullon  of  powders,  on  account  of  its  liardntst.  It  Ufuitiieicm- 
J^Oycd  aa  aweeteninK  apical.  e»pednU>'  for  powdetii;  and  in  infant  lood». 
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General  Statement.— Potassium  is  widely  distribuied  through  the  body 
and  is  e*■^:nli;ll  lo  ihc  \nlal  funclions.  It  acts  as  a  depressant  to  practi- 
cally  all  or^an^,  and  U  mutuallv  anlagoimtic  with  Na. 

With  intravenous  or  h)'podcrmic  injections,  the  lon-aclions  manifest 
IthetDsclvcs  by  depression  o£  the  heart  and  other  muscles,  and  of  the  central 
r&ervous  system.    These  effects  may  also  be  secured  from  toxic  doses  by 
Biouth;  but  not  by  ordinary  doses,  since  the  rapid  excretion  prevents  the 
accumulation  of  excessive  potassium  in  the  tissues.    The  therapeutic 
use  of  i)otas.stum  as  cardiac  and  nervous  depressant  was  a  faulty  deducuoit 
from  the  laboratory  cxperimenLs.    The  oral  administration  of  moderate 
auantities  of  potassium  has  practically  only  osmotic  effects — diuresis, 
Utght  changes  in  meubolism,  etc    Tlie  therapeulic  actions  of  potassium 
■alts  arc  therefore  attributable  to  their  anions,  and  are  practically  equiva- 
lent to  the  corresponding  ztodium  sails.    The  potasiium  salts  pcrfiaps  pro- 
idiKc  somewhat  more  local  irritalioo.    They  arc  contrtiinclicaled  in  renal 
linsufliciencj-.  since  the  deficient  excretion  could  lead  to  the  development 
i»l  toxic  potassium  effecls. 

looome  at  Potftulum.— Tlie  daUy  diet  ol  man  contain*  about  J  to  4  Gm.  ol  KiO 
lod  ^  to  a  Gm.  of  NaiG;  but  there  arc  great  variations.  A  ^-cgetable  diet  contalu 
idatively  more  K. 

Distribution  of  Potassium.— This  is  in  many  rnpccii  converse  to  that  of  sodium, 
nie  K  Is  Kencrally  mote  abuniUnl  within  the  cells;  the  Nu  in  tlie  eilracellular  juices, 
Mfum  and  t)mi;A.  The  tnum  at  all  mommaU  contoini  about  0.035  per  cent,  of  KiO  at 
Igainst  0.44  per  cent,  ol  N'uiU-  The  peiveniage  in  the  blood  corfnxiet  differs  markedly 
b  dillcreat  species,  being  ^ncralty  inverse  to  the  percentage  of  Na.    The  corpuitde* 

Kthe  bone,  nig  and  nbbit  contain  o.ji  to  o.<]  jiei  cent,  of  KiO  and  no  N&sO;  in  man, 
e  ratio  of  K|0  :NaiO!a  »4  :o.a7«;  In  tlie  Wf,  sheep  and  ^oix.  it  is  0.07  -.a.iy,  \a 
dogs  and  cats,  0.3  :  a>8.  In  the  K-rich  animals  the  oirwilutKin  of  ■  fifth  of  the  cor- 
^u»c)es  would  liberate  a  Enijtl  niianlity  of  potataium.  MukIc  fibers  aUo  cootun  K, 
■riti>ouiNa(FBhr,  191J).  Maclcod.  1Q07,  found  that  the  juice  eipresKd  from  the  heart 
■r  akctctal  muscle  produces  a  typical  potuslum  cSecC  on  the  heart. 
F  The  distribution  of  R  n-itliin  tlie  cell*  has  been  invesliltated  by  A.  B.  MacoUum, 
■907-  It  i«  alwent  from  the  nuclei  and  from  the  ner\e  cells;  but  is  prctCDt  in  the  cy- 
Koplsun  of  mo4t  vei-etable  and  animal  cells,  includinn  the  musde*,  the  nerve  libers,  tho 
(nunila  of  the  pancreatic  cells,  etc. 

Bmetioa.— A  considerable  part  o(  the  noUudium,  ij  lo  15  per  cool.,  is  retxcreted 

the  feces.    The  urine  con  laiiK  generally  Na :  K  :  ;  >:  i  to  5:3.    In  starvation,  the 

tio  is  reversed  to  i  :  j. 

The  cxcrctiuB  of  K  jcetai  to  be  liastened  by  the  addition  of  N*  (Bicmacki.  ion). 

few  experiments  hv  Blumenfcldt,  iqij.  indicate  that  the  excretion  of  adminittercd 
it  delaj'ed  by  aonie  insulljcieacy,  arlcrioKlerotls,  aad  JBtcratitiBl  acpkrilu. 


MANUAL  OP  PHARUACX>LOGV 


IbAbWiw  of  Excretion  on  ESoct— I'hc  rITeri  of  polAKtitim.  m  ol  «thtr 
nrits  graUly  Mconliiiu  u>  the  tlmnnel  of  intraducUoa.  bFcautc  Uie  exctetoiy 
for  lh«M  ioiDS  U  uhtially  inu(h  urrtitt-t  ihnn  [lie  ntc«  oi  Uwir  ;ibM>ipikin  Item  Ac 
Utv  canat.  Ural  ad  ministration  ii  tli«r«fon^  cITective  oitt^  if  verjr  Ur^  dsmw^rn; 
if  the  mucouxincmhniiioiirccfjrnxleij.or  if  the  excretion  IS  checked.  ■»  by  Ugattatf  At 
kidneys. 

Tbc  iiiflurni:e  uf  excretion  ii  irpll  illiul rated  by  nwgiKjruM.-(JtErv:tcitiM«(tkUfr 
DC)'*.  lb«  turitily  is  increiucd  59  per  cent..  a,nd  the  actiun  ii  more  Luting  and  ctduhlin 
On  the  olbei  band,  tome  vicariouf'  rhiinnel  of  «xcictli:in  btinimeb  csUblislKd,  wlktltk 
loxidty  is  IcM  eiithlcfn  hours  aiti r  openvliDH  than  it  is  icnmcilktcly  {MdUrr  laiLaM 
1907). 

The  toxicity  of  ialmveaous  KCl  isdimini^cd  by  NnO  (Ambcrxand  Hclmbdciiifc- 

A  sununAty  of  the  rjrfrrii«n  o/jiiJjj  Isiiiven  by  Hclficr.  looj. 

8|rst«mic  Actiona. — The  tfnlral  itnoui  tyitem  h  ixirtdjnwd  in  it^  whole  nML  1W 
rcflexe*  Kufler,  then  the  medulla.  DqircMOD  of  the  m|>irBtory  center  Icsditcttpkri' 
Ul  cunvuUions.  Absenco  or  Incrcww  of  K  an  both  d«preuani  to  the  pcrtuM^  nf- 
ntory  center  of  the  frog  (Hooker,  1913).  WilhialrBvenoiwinKClion,  Uwao'tiip*' 
lant  effect  ii.  the  rardiitc:  pnralynt. 

Cardiac  Actiooa.— The  [^latiiMis  of  K  to  the  other  iorn*  wer«  dlscusiedoapyr*:^ 

Thr  liiMtc  i.i  -iiimuUted  by  imuU.  falixued  by  ouslium.  ami  paralyMtlby  tiiyc.A9M 
Thi«it  >>ecni!vi^nmihcnrrvc-ficohcart(i[  the  chick's  embryo,  and  it  thereloct  — W^- 
In  UmiceiKl'irlT  ^ivriutionml  lite etth<t{  nuMauilian hf«H,  Inctuueof  K  ptoduoESBv 
tion.  ((lilowcd  by  ribrillaiion.  Paralyaii  oci:ur»  when  the  concentration  it  ''""''J 
reocbRio.oN  per  cent.  (Itnid,  190;).  llowrll  and  fluke.  tQoS,  found  that  rtiwaUll* ■* 
■lie  v^U4  (4U»eA  an  incrrftscd  output  of  K  in  the  )>erfuhrd  heart,  niireiallj  thet<>li'''S' 
They  sttribute  ibe  va^iis  sioppaife  to  the  K  wfaicb  the  stimulation  of  the  a«rveM«W' 
tfom  a  non-diftuiible  inln  a  diBuiible  forra. 

Ill  iiii-ut  nuimm^h.  the  etTects  arc  somewhat  dlSertnt  for  iairavcamu  radawn" 
injtetiuns  Otathiion,  igii);  hy  Ihrvtin,  there  isB  prinnr}'  (allot UoodniUMni»* 
slight  «crnndar>'  riw.  The  (all  is  due  to  cardiac  di«tarb&nce.  decrcated  anipwt.  t***** 
block,  «liiu'rd  )iu1w.  tonus  chanipM,  sudden  systolic  slondiitill,  uuislly  be(Mtlh'r*- 
protion  »iops.  Slow  continuous  injections  into  doKi  produce  slowini  and  mslrW* 
o(  the  heart  liy  renlinl  %  ariji.  titimulaiinn;  (or  if  the  vagi  arc  divided,  the  heart  '*V^ 
encd  and  MrenKthcned.and  o(trn  5hoHrsestraiy»tul».  The  dinxt  tardiac  *cli<iia  I** 
small  ioK*  it  thereiiire  stimulant.  Larger  dosci  di-pres*  the  heart  muKle  dirffdj.r"^ 
wlien  the  vajti  are  divided.  F*tnl  doses  jirodutc  i«iiricular  and  evt^etualh  i*™ 
fibrtlbtion  (Hering,  iflisl-  Arlaiiil  injalion  cauws  an  immediate  riteo*  w*«J>'"" 
iiirc,  by  stimubtion  of  tHevksomotor  center,  and  of  the  venseU  directly  ritocna*'^ 
ivlien  the  ;enlral  nervous  system  is  destroyed).  Howcve*,  the  vess-U  of  tN<»  l»  * 
ktted  bv perfusion  with  K  (Hooker,  luii). 

SkdeOl  UuKle«.— K  wakens  the  musdei;  diminUhes  the  hciglu  of  f*"^""^ 
lengthens  the  Intent  period;  and  decreases  the  conductivity  and  cidubttty  I*'*'- 
1910).     In  thii  way,  potamium  counteracts  tlic  effects  of  verstrin.  , 

Meigs  and  Atwood,  1916,  suggcit  that  the  channes  uccurrtng  iw  the  iliuiitli* " 
trojt'i>  muscle  in 0.0  percent.  KCl  mavbeexiJained  by  tbcmuMJe-BicBlblwbMC'** 

Ermenble  to  KCl  than  to  the  NuCl  and  k,H(*0.  that  sre  conuintd  III  ih*  "**■ 
P  anil  ontcr  would  therefore  diffuse  into  the  rou*de-<cd. 
Nerve.— Injection  of  K  suspends  the  conductivity  of  nerve  umI  potentiaUfllM  u* 
t  lie  tic  effect  of  cocain.     Na.  Nh.  and  Mr  do  not  hove  thU  effect  (JCoin.  toij]>    uMT- 
nod  the  local  applioition  of  lipolytic  nnestlietics  incrciie  the  concentrstinn  o(  K  •* 
tn  mcdullated  nerve  fibns.     This  may  play  a  part  in  the  anesthetic  eStct  lUoM 

Poturiina  PoisoninK  ia  Nephricia.— The  adminktratlon  uf  s  la  10  Ctn-sf.^ 
(diluted)  usual!>'  pimiucet  no  lymplom*.  even  when  tbe  perraenbililv  to  StOsj^ 
psircd.  as  in  chroni<:  nephriiit.  Octiuicinally.  h»1m^'er,  a  ncphritk  palWnl  ■cyilr**^ 
severe  potasiium  poisoning,  as  in  a  case  dcKribed  by  Smillie,  1911.  TIm  I^^^ 
started  after  seven  hours  and  reached  their  maximum  in  twenty-one  bsvtt^f*^ 
OMI^t«d  uf  cyanosis,  weak  pulte.  and  vomiting.  Rabbits  with  their  kldiwyt  "^S, 
Ins  permeable  bv  uranium  nephritis  also  showed  markedly  increalol  wuulW*? 
to  potasdum.  Ilnwcver.  vitb  the  ordinary  poUtsiuffl  iocosne,  v.  Liiabecfc.  IWh" 
not  find  it  increased  in  ihc  blood  of  uremic  docs.  ,„ 

PoUMinai  in  the  Toxicity  o(  Uriiw  sod  In  unmia.— The  toxic  »ctioB  w>w«y 
poasesats  when  injected  intravenously  has  been  variously  attributed  to  tbc  kiKM*'^ 
to  lOjdiH,  etc..  and  at  one  time  even  to  tbe  urea.  Various  tbeorin  aisd  ■■"•*" 
diagnosis  were  buili  upon  the  variations  in  tbb  toxicity.  It  has.  howir,  '''■ 
shown  that  about  85  i>cr  ctnl.  of  tbe  to«icity  of  the  uriise  1*  thic  shipl?  "'" 
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poUKJura  s&lts.  Tbe  lymptonu  urt  also  precisely  lliose  of  the  latter.  What  causei 
tlic  other  :s  per  cent  of  the  toikily  is  at  the  piejcnt  not  known.  ILutmaii,  tgij, 
claim;  to  have  iaotaiwi  livia  normal  urini-  u  cy>;Iic  ketoiii-.  "Urlood,"  which  is  quiio 
toxic,  and  produces  hcidiiche  in  small  doses— perhaps  throuoh  it»  dUagrccable  odor. 

I!  the  un'tilutcd  urine  is  injeclcil.  iU  osmotic  pfe«urf  also  ciintrlbtiles  to  ihc  ton- 
icity. The  acidity,  voUlile  proclucl5,  pij|!mciils.  and  urea  have  no  effect.  It  ii  quite 
probable  thut  the  urine  cuntains  Iruc  loxins  and  other  tnxic  product*  in  discMC,  but  no 
neUiod  has  so  fiir  been  devised  'for  estimalin^  the  iiii()urt4nce  of  thcw- 

Thc  conditions  are  stiU  more  complicated  in  iircmi,!.-  il  ii  very  probable  that  the  »• 
tenliiin  <•!  puUK^^ium  itnd  aminnniunii  salts  and  the  increased  otmotic  pressure  of  the 
bloud  contribute  to  the  effects,  but  there  icem  lo  !«,■  other  factor*  which  are  not  under- 
stood. Foster,  iqi;,  has  isolated someunidentified  crj-»tnlliaible  toxic  substances  from 
the  blood  of  uremic  patients,  which  he  failed  to  find  In  normal  blood.  Further  Investiga- 
tion b  needed. 

PREPARATION 


Potassii  Chloridiirn.  KCI,  — Readil)'  vi\.  in  »«ter. 
to  be  confuted  with  the  toxic  chloratel 


I  to  J  Cm.  (ijtnjofr.).     Not 
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LITHIDM  SALTS 

General  Statement — Lithium  urate  is  relatively  soluble.  By  a  mli- 
intcrprclation  of  this  chemical  fact,  the  lithium  sails  were  inlroauced  as 
solvents  for  uric  add;  and  hence  as  remeilies  against  gout,  rheumatic  con- 
ditions, etc.  Since  the  soluble  urate  can  not  be  formed  in  the  presence  of 
aodium  or  potassium  ions,  it  can  not  exist  in  the  body  or  in  the  urine. 
The  uses  of  lithium  salts  therefore  have  no  ralinna!  foundation,  and  Ihey 
may  be  considered  inefficient,  and  in  larger  doses  somewhat  dangerous. 

The  action  of  this  cathion  resembles  potassium  quite  closely,  but  it  is  somewhat 
IcM  toiic  to  the  heart,  and  causes  a  vagus  stimulation,  Thc<e  elTerU  are  Keen  only  on 
Intravenous  injection.  A  must  impiorlnnt  difference  from  pula»ium  conii^tn  in  a 
specific  f^aslrotnUtitis  which  is  produced  even  when  the  salts  arc  given  ^ubcutancously, 
or  if  ihcadminislrnllonof  small  dotes  is  continued  tor  some  time  (1  dm.  of  the  carbonate 
in  man).  The  action  ii  local,  the  lithium  bcini;  Iari;c1y  citretcd  by  this  channel.  It  is 
alsoeicretedby  the  kidneys,  but  does  not  cause  nephritis  [Krumhoft,  1884;  Good,  190s). 
It  is  also  cicrelcd  in  the  milk  (Koldewijn.  iqio). 

Acute  poisoning  from  larger  doaea  in  man  (four  doses  of  i  Gm.  of  LiCl)  is  deuribed 
by  Cleavcland,  1013.  There  were  no  gastro-ioleslinal  s>-mplonis;  but  marked  muscular 
and  genernl  prnstralion;  vertigo;  and  eye  and  ear  symploms  rewrmbling  cinchoni-m. 

Adloa  on  Uralea. — ^LipowitK,  1^41,  found  that  lithium  curboniile  \i  a  better  solvent 
for  uric  acid  {about  four  timci)  than  sodium  carbunale.  Ife  ioggc^led  its  therapeutic 
use,  and  this  was  intriMluced  hy  Ure,  1S44,  and  Hinfcwnnger,  iS^j.  Garro<!,  1861, 
found  thai  jcuuly  tophi  were  dis.'.olvcd  in  lithium  solution,  tiowcver,  iJie  solvent  ac- 
tion uccun  only  when  strong  solution*  of  lithium  carbonate  act  on  uric  acid.  In 
the  pretence  of  NH.,  Na  or  K,  the  le^  soluble  urate!'  nf  these  cathions  arc  formed. 
The  solution  can  therefore  Dot  occur  under  the  conditions  of  the  body  or  urine  (lee 
Index,  Urate  Solvents^  Lithium  sail?  have  diuretic  ncliom  (Ilusemann),  but  no 
ireater  than  the  Na  saltt.  The  popular  "Lilhia  wntcrs"  have  hern  shown  lo  b« 
pr^Cticall/  devoid  of  lithium.  The  best  contain  only  o.oi  to  0.0J  per  cent.  "Buffalo 
Lititia  Water"  contains  only  a  fifth  n^  much  lithium  as  Potomac  Rn'cr  water;  300,000 
galloni  would  be  needed  to  supply  the  ordinary-  therapeutic  dose  of  Utliitim. 

'PREPARATIO  NS— I.irmU  M 

Litlui  CarfotMi  (Lith.  Carb.),  U.S.P.,  B.P..  LiiCO,.— Light,  white  powder;  odor- 
Uu;  alkaline  ta^te.  S»1.  in  water  (1  :  78);  almost  inioL  in  ate.  Dan,  9.5  Um..  S  gr., 
t*,S,P.;  0.1  J  to  o.,i  Gm..  )  to  3  gr..  B.P. 

tMhii  CUras  (Llth,  CIt.),  U.S.P.,  B.P.,  Li.C.HiOi  +  4H,0.— A  while  powder,  or  In 
the  (tranular  form;  odorless;  coaling,  faintly  alkaline  taste.  Deliquescent-  Freely  lol. 
b  water  (i  :  1.4);  very  slighUysol.  in  ak.  Daie,o.$  Gm..8  gr,,  U.S.P, :o-j  IoOl6  Gm., 
i  to  10  gr.,  B.P. 

Liih.  Cii.  ES:  B.P.— 5  per  cent.    Don,  4  to  8  Cm.,  i  lo  a  rtrama,  B.P. 
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lAX.  07  PHAUUCOI 


RUBIDIUM  AND  CESIUM 


Tfaeie  alio  memble  poUMium.  Ruhidium  iodid  and  biomid  have  ben  ittmdKtij 
Intn  lliciapnitict,  with  llir  tiaim  thnt  they  pnxlucc  leu  kMliim  and  bf  nnirn.  rtVnitf  | 
they  arc  quile  as  wtuble.  and  fvcn  more  diSutibk  Uiau  llic  cormpoadlat  Ki  '"  ~ 
The  doKt  arc  the  Mme  u  those  of  the  potMxium  Mitt. 


AMMONIUM  COMPOUNDS 

General   Statement — Tlic   ammonium   ion   produces  ntbo 
slimuliiiion   iiml   subM-quont   parah'sis  of  the  central  Dcrvoui  ijlUS,^ 

Xcially  tlic  medulla.  The  systemic  t-ffcclsarcsccn  only  with  iBlnwa** 
iiiUlration,  1>c>;iuse  the  ammonium  ion  i«  riipitlly  converted  isloffi* 
and  CKcrclcd.     On  cxriiicd  muscles,  il  has  also  a  weak  curare  actloa. 

In  intact  animals,  the  effectfi  of  the  ammonium  compounds  arestiiciSir 
local.  They  diffuse  rather  rapidly,  and  thus  exert  considerable  stltictia. 
especially  irritation.  These  local  actions  increase  the  flow  of  mucus,  kW" 
is  also  rendered  more  fluid.  Ammonium  chlortd  i*  therefore  uxd  iiui 
expectorant  in  the  first  (dry)  stage  of  acute  bronchitis.  It  is  »l30ua^ 
what  diaphoretic  (nauseant  action?).  Large  dose*  are  enKtk.  A* 
monium  acetate  has  hcen  employed  as  a  weak  diaphoretic  and  diiiRC>: 
in  fevers,  but  is  probably  useless. 

Ammonium  hydroxid  and  carbonate  act  also  a.i  ulkaliesi  and  bytbe 
liberation  of  the  volatile  and  diffusible  NHi.  their  action  extends <k(^)'' 
Thtir  vapor  is  used  to  produce  reflex  stimulation  of  the  mcdulbry  mitt 
(trigeminal  reflex),  in  collapse,  fainting,  etc.  ftlien  too  eonccnWBi 
they  produce  laryngitis,  bronchitis  and  pneumonia. 

Applied  to  the  skin,  ammonia  produces  rubefaction,  and  if  coocenttiw 
and  confined,  veucalion,  usually  without  corrosion.  It  is  u<ed  incooliH- 
lion  mih  oil  (ammonia  liniment)  for  countciirritation  in  rbciunitm,  rtt 
Ammonia  is  aUo  applied  to  inaecl  luteit. 

Expectorant  Action. — The  increased  secretion  of  mucus  an4  J*^"* 
is  mainly  a  reflex  from  the  local  irritant  action,  although  there  miy  •* 
some  direct  central  slimuktion  (V,  E.  Henderson,  iqio).  TheKtjoBic- 
don  of  the  mucus  may  be  due  partly  to  the  ammonium  ion,  partly  Ifl  w 
excretion  of  the  alkaline  ammonium  carbonate  by  the  saliva.  ^^ 
excretion,  howcs-cr,  must  be  quite  small,  since  most  of  the  amnw™'*  " 
destroyed  in  the  body.  Ammonium  chlorid  is  also  said  lo  have  »  fB»ty 
astnngent  eHect  on  the  mucous  membrane. 

AdminlstnitioD. — Ammonium  chlorid  ts  UMd  tn  acute  broKWU* 
ia  the  dose  of  0.3  Gm., ;  gr.,  repeated  as  needed;  either  as  troches (O'l  ^^ 
^H  gr.),  or  in  solution.  Its  di9agTee*hle  laale  is  less  noticeable  b »™ 
mixtures  (syrup  of  citric  tuid).  Ammonium  carboitate  (same dose) bV* 
solvent  for  mucus,  but  rather  nauseant. 

When  it  is  desired  ti>  «itend  the  ilirttt  aciioa  to  the  trafhea  *ad  bwad^tW** 
monium  mav  be  administered  in  the  form  oX  inbaUtioo  oj  ammoiuum  chteJJ.p**'*' 
in  «  fiody  divided  sMie  by  hringing  logctlicr  the  vspon  ot  Msmonb  nd  h]r*((V* 

ftcid-  K_»tal 

BroocbUl  Secretioa. — Ammoniiun  ulls.  like  other  emetic*,  ioctcMe  tki  l**^ 

mucut.  cv«i  when  ihi-y  ore  plnrcd  in  the  intfslinu;  but  by  ibtt  iiMllied,  'l*^**^!, 

be  much  liuiRr  itum  iheraptntic.    iKmmonium  mIis  produce  nodaral*  dHtdo  '  "* 

ciscd  bronchinl  muscle  (TKndelciiburR.  1911). 

AbBOfplion  and  BzcntliMi  bv  th*  Luats.— Magnii*,  iqoj.  uai  Rcvclnk  it*t>' 

that  nmmunLi  h  DdlbcT  nbMrbvd  oo(  excreted  Iqr  the  lunip;  but  Iloebef,  It"-' 
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McGuig&B.  1413,  claim  that  the  inhalation  increaM9(lbeiwrc«ntajeo[aminoiuumiiit]ie 
blood.  Hoivcver.  tliin  iiuigTilQc&iit  iibsor[ition  ctccurs  from  the  trache*  aod  broocU, 
and  itlM)  from  iojuied  alveoli  (Magnus  Soigdriii^r  and  Lruwvii,  1914). 

W.  Coleman,  igi6.  jtuu-s  that  an  ammoniurn  ufie  can  be  discerned  in  the  (putoin 
Fool  in  the  saliva)  twelve  hours  after  discontiauinj;  small  doBea  [>i  grain  every  two 
houn]. 

Disintoxication  of  Ammonium. — Ammonium  is  partly  excreted  as  such 
by  the  urine;  but  the  gre;itir  proportion  h  rapidly  converted  into  urea, 
according  to  the  formula: 

co<       =  co<      + 


^NH. 


^.VH,    H,0 


Two  molecules  of  water  are  split  oil  from  liie  ammonium  carbonate 
and  urea  remains.  Tliis  liberates  the  acid  ion  with  which  theNH.  was 
combined:  this  will  seize  upon  the  free  fixed  alkali  of  the  body,  and  lead 
to  a  diminished  alkali  stock  of  the  tissues.  In  this  way  any  excess  of 
ammonium  introduced  into  the  body  is  very  soon  eliminated,  or  at  least 
ceases  to  act  as  ammonium. 

The  transformation  of  ammonium  into  utca  is  much. more  complete  when  the  am- 
monium is  given  combined  with  oignnic  ndds,  than  in  the  case  of  its  inorganic.  salt», 
for  with  the  latter,  a  pari  ol  the  ammivnium  is  needed  lo  help  in  the  DCUtrAli^itlion  •>( 
the  unions  (Underhilli  Caldwell  and  Clolworthy,  1916J. 

Ingested  ammonium  disappears  very  rapidly  from  the  ciiculaUon,  even  if  the 
kidneys  are  IJgatcd  (Jacobjon,  1914).  The  conversion  of  ammonium  carbonate  into 
urea  is  praclicaliy  complete  in  all  mammals.  ^Vmrnunium  chlorid  [»  deiilioyed  mure 
effitienlly  by  herbivorcius  animals  than  by  cumivonu  or  man. 

Ammofiium  io  Metabolism. — jUterial  blood  contains  normnUy  about  1.5  mg.  of 
NUi  pet  100  c.e.  Portal  blood  cuntains  from  3.5  to  S.s  mg.  (C«rlsi>n  and  Jacobson, 
1510).  Fiilinand  Denis,  iijii,  believe  thai  tbc  exroi*  in  the  jiorinl  blood  corac*  mainly 
from  boclctial  changi^  in  ihe  1ar)(e  intestines.  The  amtnonium  h  pr<>bably  a  normu 
forerunner  of  tuva.  This  i&  formed  from  ammoniura  cacbanuiie  by  the  subtraction  of 
H,0: 

C0<  -  H,0  =  CO  < 

^0(NHJ  NH, 

Place  of  Urea  FonnaHiMi.— The  iransformation  of  ammonium  inl'»  urea  otiura  in 
perfused  hver  (v.  Sohroedcr.  iSgi;  Fiske  and  Karsnet,  tuij);  the  urea  may  alio  be 
conuderably  higher  in  the  hepatic  than  in  the  portal  blood  (Van  Slyke,  (lultcn  and 
McLean,  igij)-  The  liver  must  therefore  play  a  prominent  part  in  urea  formation. 
However,  probably  all  organs  participate,  especia.lly  in  its  formation  from  amino'ScidH 
(Folin,  igi4).  For  instance,  the  amount  of  urea  in  the  tissues  or  bti>od,  after  the  in- 
travenous injection  i.f  aminti-acids,  U  scnallet  in  aoJmaU  with  iLe  liver  and  intestines 
eiciudi'd  from  the  circulation  (Mske  and  Sumner.  1914).  Janaen,  iijrs,  niso  presents 
evidence  that  the  liver  has  a  considerable  role  in  the  formation  of  urea  from  omino-acids. 

Function  of  Ammooitim  in  Neutrality  Regulation. — The  transforma 
lion  of  ammonium  inlo  urea  is  uliiizeci  for  the  ronlro!  of  the  reaction  of  the 
body:  when  there  is  an  excessive  formation  of  acid  (acidosis),  the  tran*for- 
mation  is  less  compltle,  the  acid  being  neutralized  by  the  ammonium,  and 
excreted  in  the  urine.  If  alkalies  arc  administered,  the  ammonium  is 
displaced  from  its  salts,  and  converted  more  completely,  so  that  none  may 
appear  in  the  urine  (Janncy,  1913).  The  ammonium-urea  relation  of  the 
unnc  is  thus  an  index  of  the  acid  production  or  alkali  income. 

Ha^tlc  Leaioos. — Rovij^hi,  t^,  and  Joannovics,  1903,  describe  dilation  of  the 
hepatic  capillaries  and  protoploi^mic  changcn  aftr^r  the  oral  or  hypodermic  adminlitra- 
lion  .if  ammonium  sails.  With  chronic  poisoning,  there  h  aluo  coimcctive  tissue  pro- 
Uferatiua;  »utci[eiling  the  possibility  that  ammonium  may  be  concerned  in  the  ctioIoRy 
of  hepatic  drrhosis. 
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UtUliation  ol  Anunoniuin  Nitrogen.— Utafe  and  Scbupln.  ioti>  cbiRifri  thtt  i 
mnnium  mny  replace  the  prulciu  in  IixhI.  Tliii  Hits  vunfmncil  by  Rnou(>,  191J;  Gnlt, 
1914,  And  olhers.  However,  it  doci  not  prove  that  ammonium  it  convcitnl  iota  1' 
nitruKCQ.  It  ii  morr  prububk  that  it  it  ulilizcd  b)*  tb«  iutotlinal  bacteria,  sail  tbal  tbor 
ate  then  diecitcd  und  their  nitrogen  absorbed.  Accordingly.  lleiui(|uci>iid  AtMlcncA, 
igi4,  [otind  nn  rrlrnlitin  of  nllroern  uflcr  the  iniravvunus  iojcclii^n  ol  amiDMilBBi  or 
urn.  Taylor  and  Rinjjt^r.  igij,  did  observe  totisidcrablc  N  retcolion  oiler  orilsdnuM- 
Iration  of  ammimium  cirbonntc.  However,  ihc  Bwocialcd  change*  ifi  BMUbottia 
indicKtr'  tli.ti  ihi'  rcii-nlion  is<tuc  loa  toxic  action  of  lb e  ammonium,  nib«r  tfaaa  I*  It* 
ulilixaliun  (L'udcrliitl  and  (iuldschnudt,  1413). 

Autointoxicnlion  by  Ammoaiia. — The  tymptoms  of  urenua,  icUny  and  other  ojni-nl- 
61  v«  diseases  rr^'inble  some  what  the  jiicturc  of  ammonium  poiaiwIflK.  ll  ha«  theteloM 
been  ^uKttesled  ihat  IheK  conditions  arc  due  lo  failure  of  the  liva  to  Irwufocm  llr 
nmmonium.  This  appears  unfounded.  Thrice  is  no  evidence  that  tbc  ability  to  fm 
urea  h  irnpairtd,  except  pcrliii]!!  in  extreme  CHsei  uf  liver  deiceDeratlon.  Ftskc  ud 
Kaisner,  1014.  found  tneammomaconvcruon  by  perfused  liven  unimpturtd  allctanfe 
hcpntic  injury  by  chlflroform.  phoi^phorui^,  etc.  Even  if  the  ammonium  were  not 
ilestroyed,  the  excretory  mcchiinlsm  of  the  kiducj's  could  be  expected  to  rcnovc  lit 
exeets. 

In  fact,  the  ammonium  content  of  thrr  blood  has  not  been  found  iacreaied  in  uroBi 
or  in  aculc  yellow  ntrophy  ijf  the  liver.  An  incrcai^  ol  io  ner  cenl.  abi>ve  tbc  Bonnai 
ha»  been  rc^iorled  allrr  LumiilciF  rxiisiun  of  the  IhyroidiauJ  psralbyroids  (UatOJtaB 
and  Voecibn.  tgoq:  Berkeley  and  Cecbe.  1909);  and  the  ammonium  pcodvclu*  fc 
increased  (L'ndcrhill  and  SaiU,  i';o>i»,  i<r  its ilrMrurtion  diminished  (CarbMiaadJaco^ 
»on,  1910).  A  similar  iacrcase  u'ai  rrtHirted  in  tlinical  tetany  (MiUMt  and  Coam». 
tooo).  There  is  a\io  a  close  resemblance  between  the  ivmptomt  oil  telaDy;  iIujk  ^ 
animaU  with  1-xk'&  tistula  on  a  mcnt  dirl  (Pawlow,  iSqg);  and  ammonium  ptkatcBt- 
Even  ihccnncenlralionuf  NHtin  the  blood  reijuired  to  pruduoe  true  acimoDtumtctia) 
(0.008  per  cent.,  Ma^u.>^  et  al,  1914)  seemed  very  similar  IJacobwHi,  loioi,  Hvntti. 
the  Inter  work  of  Carlson  and  Jacohscin,  101 1.  with  improved  methiHlv,  showed  tlultk 
incrcave  of  ammonium  is  not  constant  and  FuUi  uithin  the  varialion!i  of  nor raal  laMk 
so  that  even  these  cundllions  ein  not  yet  be  classed  as  ammonium  intozicatioM. 

Intravenous  Injection  of  Anunoniuin  Chlorid.— The  efleds  vary  with  the  <k«c  i*i 
the  rate  of  injection.  Marfori,  iS^j,  de-«.-ril)ed  immediate  trenww  sihI  twitdofk 
advancing  to  tetany,  lii^lenl  convutsions  and  opi>lholonus;  irrtxutal  fCfanli*! 
salivation  and  em»is;  somnolence  and  lassitude.  The  mpirttim  shoin  lapmaOft 
convulsive  inspiratory  standstill.  foll«wed  by  increased  rale.  This  itimulatiaa  ocort 
ei'en  with  small  dines.  Biond-prrsturf  tfar.ings  (Fig.  jX)  ahow  ■  tcmnonty  ht 
then  a  slow  hut  mote  lasting  rise;  witli  slowed  Rile  and  "vagus  poise."  The  iMeoaj 
be  quickened  during  the  convulsions.  These  cllecls  indicate  stimulation  o(  the  rtfpn- 
lory,  vasomolnr.  and  vagus  renters.  Tf  the  injection  is  not  ptamptly  fatal  the  lain  WW 
lOOivet  rapidly  (Mcneicuxii.  ic>i). 


FiC  11  .^-Ammonium  ehlorid,  inlfmwnom-    CaTVtid  prrmmrm  tracing,  4^. 

Curu«  Action.  —This  is  much  weaker  than  with  the  or^aslc  antowahiB 

(fee  Muscarin). 

Reflexes  from  the  Inhalation  of  Ammonia  Vapors.  -Through  tTTiuMi 
of  ihe  reason-  trinfmhial  cm.iiiiK^,  these  prmiucc  momeniary  stsodid, 
then  increase  of  respiration;  !>timulation  of  ihc  va;«molor  cmltf  I'W 
of  blood  pressure);  and  vagus  slowing  of  the  pul»c  (id  tabUts,  >^gs 
sUndsUll). 
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Use  for  Medullary  Stimulation.— Ammonia  is  one  of  the  most  effect- 
ive means  for  sdniulating  the  medulla  reflcsJy.  It  may  be  us«d  a>  the 
aromatic  spirit  of  ammonU — 15  to  30  drops  in  a  lurabler  of  water:  or  as 
ammonium  carbonate — smelling  salts;  in  headache,  fainting,  collapse, 
excessive  anesthc^^ia,  etc.  Care  must  be  used  so  thai  the  uiicx)nsnous 
patient  is  not  made  to  inhale  too  concentrated  a  vapor. 

Toxicology. — The  neutral  ammonium  salts  may  produce  gastritis. 
This  would  be  treated  by  dilution  and  evacuation.  Ammonia  and  the 
carbonate  produce  more  violent  irritation,  and  also  inflammation  of  the 
respiratory  passages.  The  mortality  of  ammonia  poisoning  is  therefore 
high.  It  the  patient  recovers  from  the  acute  effects,  pneumonia  may  set 
in;  or  the  hoarseness  or  aphonia  may  last  for  months.  The  trtatmeiU 
consists  in  artificial  respiration,  weak  acids  and  oils. 

PREPABATtONS — AUMONIUM 

*Uq. Ammon. Actt..\5S.V..Q.V.  (SpiriiofMindercfusi.— 7 percent. of NH.Cjn.O,. 
with  unati  amounts  of  nceiic  and  carbonic  ttciits,  Should  dc  slightly  acid.  Muit 
be  recently  prepared.     Dost.  15  c.c,  4  drains.  U.S.P.;  8  to  14  cc,  1  lo  6  drams.  U.P. 

'AmmoniiCarbonai  (.\mmon.  Carb.),  L'.S.P.,  B.P.  (Siii  Volatile,  Harlshoin,  Baker's 
Ammonia). — Consist;  ot  varyiiiK  proportions  of  a  nilxlurc  of  acid  ainini'iiiijm  tar- 
boDste  (NHiHCOi)  and  ammonium  cacbaroale  (NII4NHJCO1),  Vot  medicinal  pur- 
poses, only  the  Iranalutvnt  piit1ii>ns  arc  used.  On  exposure  loair,  it  bccnmes  a  poivdrr, 
losiDg  Nlii  and  CO|-,  and  changing  to  ammonium  l)icarl>ona(e.  NHiHCOi.  Wbite, 
hard,  translucent,  atriated  mas&cs;  sirong  odor  of  ammonia,  without  cmpyrcuma; 
sharp,  saline  lai«te.  It  if:  «lnwly  but  freelv  mX.  in  water  (1  :  4).  the  carbnmnle  changirig 
to  normal  ammonium  tarlxinate.  It  if  decompuscd  by  hot  water.  Akuhol  dissulvei 
the  nrbamntc  and  leaves  ibc  carbonates.  IncompaiibU  with  ucidi  and  the  ulb  of 
moat  metals  and  alkaloids.  Dose,  o.j  Gm.,  $  gr.,  U.SP.;  0.1  to  o.O  Cim.,  j  to  10  gr., 
B.P.;  diluted. 

*Sfiritiii  Ammon'ur  Aromalkitt  (Sp,  .-\mmon.  Atom.),  U.S.P..  B.P.  (Aromntic  Am- 
mania). — A  tolulion  of  ammonium  carbonate  (3.4  per  cent.),  anmonia  water  (g  per 
cent.),  and  aromatic  oils  Oemon.  lavender  and  nutinei;)  in  alcohol  ol  about  6a  per  cent. 
(U.S.1'.).  The  compoiition  of  the  B.P.  is  similar.  A  neat!)*  colorless  liquid  when  freshly 
prepared,  but  gradually  acciuiring  a  yellowish  color.  Dmc,  1  e.c,,  jo  minini?,  U.S.P.; 
t.>  to  Si  C.C..  10  to  40  mlDin)9,  repeated;  'tiagle,  4  (o  6  C.c,  60  to  'jo  minims,  B.P.; 
largely  diluted. 

'Amman.  Chlar.,  U.S.P.,  B.P.  (Sol  Ammoniac;  Salmlnc),  NII.CI.— White crj'siaiiinc 
poirder,  without  odor,  of  cuolins  saline  lanle.  Ftijcly  sol.  iti  water  O  :  J.6);  sot.  in  ale. 
(1  :  too);  freely  sol.  in  bIvc,  (i  :  8),  Neutral  or  slialiliy  acid  to  litmus,  IncompalibU 
with  alkaline  hydroxids  or  carbonates  (liberation  of  ammonia);  piedpitales  with  Ag 
and  Pb  salts.     Do^f,  o  .j  Om.,  5  gr.,  U.S.P.  (0.3  to  11  Gni  .  ;  to  10  gr,.  B.P. 

Ttath.  Ammon.  CIdvr..  U.S.P. — o.i  Gm..  flavored  with  Licorice  and  Tolu. 

'Aatut  Ammoniix  (.\q.  Ammnn.).  U.S.P.;  /.I'j.  Amtnon.,  B.P.;  .Ammonia  Water. — 
Con  lalns  about  toper  cent,  (by  weight)  of  ammonia  fNHi).  It  loses  strength  on  stand- 
ing.  Colorlesi  licjuid  of  pungent  ammcmia  odor  and  caustic  soapy  taste.  Freely  mis- 
ciMC  with  water  and  alcohol.  Intifrnpattblt  with  most  metals  and  alkftloidii.  Date, 
I  eX;  16  mbims,  U.S.P.;  latKcly  diluted. 

Aq.  Amnion.  Fortiof.  U.S.P.;  contains  about  18  per  cent,  of  ammonia;  LUj.  Amtnon. 
Portii,  B.P,,  about  ji-;  pet  cent. 

'Linimealum  AmiO'.'nue  (l.in.  Ammon.),  U.S.P.,  B.P. — ^A  mixture  of  t  pad  am- 
monia water  and  \  p^irtt  of  fatty  oil  (sesame.  tJ.S.P.;  almond  1,  uiivc  1.  B.P.). 

Lia.  Ciititpii.  Ammon..  B.P.  (Compound  I.inimcnt  of  Camphor).— 11,5  per  cent,  of 
Can^hor;  15  per  cent,  of  Stronger  .\mmonia  in  alcoholic  solution  of  Lavender. 


CLASSIFICATION  OF  EXPECTORANTS 

lesc  arc  remedies  that  modify  expectoration  and  are  therefore  em- 
loyed  in  the  ireatmeni  of  coughs.     The  successive  stages  of  bronchitis 
present  di0crcnt  indications,  which  arc  met  by  the  various  classes  of 
expectorants. 
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The  act  oC  coughing  it  &  co<Vrilia«ted  rcBex  invQlving  Ibc  tttfAoMty  tata,m\ 
result  Ins  in  Ihcfudoenutd  violent  ciputeion  of  nir  fram  tlis  lun^  IthuApMiWe  j 
(lUwtiaD  in  the  removal  of  iiriUot  wibaUncct  ur  qf  accuiiMiktMB  ol  amcm  ma  m 
reqilratory  paoMCM-  ^l^c  other  rcdesca,  bowcvi-r.  li  tcndi  to  pcrmt  •fict  itt  am 
ba  ceuca  to  be  active;  or  it  nuy  become  cxccMav«.  In  cither  cMe  it  «il  aadK 
imtmcnt.  It  must  be  borne  la  mind  that  oougb  b  merely  a  symfMon,  uA  Mfit 
may  be  treated  directly,  a»  such,  no  treatment  can  be  of  peemaneiit  benefit  vdMilii 
aito  directed  ogainM  (he  original  auw,  if  tliiii  is  Mill  in  operation.  ThttcaUMliswt 
commonly  in  tlie  reipiratory  puu^es,  but  ihcrr  Apt^r  to  be  other  ooiidltk«*tit 
may  dvcrite  tocougn,  or  which  at  Unit  may  help  in  its  production.  Thecluapif*' 
duced  la  the  seneral  circulation  by  timia  like  JisUolit,  tlryehniii,  oi  tbtniuiuimin- 
qucally  benefidal.  When  sl^iu  of  di*M>e  are  pmeat  in  otttn  cofkia  iirV^ 
etc.),  then  thould  receive  direct  tiealment.  General  meknurem.  *ucb  u  lanu>«> 
dlspborelics,  antipyretics,  analxtsln,  etc..  muit  be  a>«d  u  the  Indlcslion)  tive.  K* 
movftl  to  a  more  lui table  cli mute  i*alwiy»adviaMe,«nd»ofnetin*e*nn:ciiir)-JniWK 
bronchJUf.    A  dry  climnte  is  chosen  if  the  secretion  is  profme,  and  rke  wri* 


SEDATIVE  BXPECTORAIfTS 

Thtme  are  used,  especially  in  the  early  <lry  stage  of  hrnnchltis,  tot 
the  acute  inAammiitiun,  mainly  by  stimulating  the  sixTction  of  ibtp^i 
tectivc  mucus.  They  comi>ri!ic  the  oatiseaat  expectorants,  ts^oJij 
Ipecac  and  antimony;  more  rarely  upomoqihin.  pilocarpin,  lobeUi,  *■ 
(Senega,  although  a  nauscant,  is  frcnorally  classed  as  a  stimolaot  cip(^ 
torant.)  With  the  sedative  expectontnts  may  also  be  daned  theJtW- 
cent  expectorants,  acada,  s>'Tup,  glycerin,  giycyrrhiza,  dcmukicnt  blrt* 
(»pccic3  peaoialcs,  breast-tea) ;  the  saline  expectcirants,  ammotuum  cUm) 
and  potassium  iodid;  and  the  tdkallne  expectorants,  ammonium  caibonle. 
sodium  bicarbonate  or  borate. 

These  Miline  and  alkaline  expectorants  are  al«o  used  in  theoihwstip* 
of  bronchitis,  whenever  the  mucus  requires  thitioing.  The  demkcA 
arc  useful  throughout. 


DtRITAKT  (STDtnuurn  EXPSCTORAITTS 

These  are  employed  in  subacute  and  chronic  bronchitis,  to  imttWt''' 
mucous  membrane  in  such  a  way  as  to  stimulate  repair.  They  trt>i  ■" 
diminish  the  cxcesavc  secretion  usually  present  in  these  Ut«  '"^ 
They  arc  represented  especially  by  the  aromatic  expectorants.  Ihf  "**" 
tile  oils,  balsams  and  phenols,  especially  Urptnt  kydrale,  lcrd>COe.  "''*''• 
santal,  balsam  of  Peru,  toiu,  and  styrax,  creosoU  and  guaiacol,  lai.  •**• 
zoatcs.  The  irritant  sttuga  and  stiailt  are  al^o  clns^-tl  as  irritant  opt^ 
torants.  Astringeots  are  tiscd  when  the  inflammation  involves  tlw  I 
or  pharynx. 

AnODYNE  EXPECTORAKTS 

These  arc  represented  mainly  by  the  opiates,  paregoric, 
heroin,  and  especially  codein,  all  in  small  doses.  These  are  used  U*^' 
press  the  excessive  cough  rcHcx,  especially  if  the  secretion  is  KV^f' 
and  should  not  be  employed  when  the  mucus  is  excessive.  They  »B^ 
10  diminish  the  secretion,  presumably  iK-ciuie  the  delay  In  itsopuw* 
permits  drjing.  Hydrocyanic  add  was  used  in  coughs  to  ttimulW* 
resttiratory  center  and  |)erhAp9  for  a  local  anodyne  action.  Itisi  '  " 
ana  obsolete.    Small  doses  of  chhroform  are  also  employed. 


CALcnrai  s,\i.ts 
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The  great  number  of  expectorants  is  not  gcnerallj'  needed.  The  follow- 
ing suffice  to  nneet  the  conditions  in  the  most  effective  munner: 

Against  dry  congestion:  SjTup  Ipecac,  i  cc:  or  Tartar  Emetic,  5  mg. 

Against  ihiclt  secretion:  Amnion.  Chlorid,  0.3  Gm.;  KI,  0.25  Cm. 

Against  excessive  thin  secretion:  Terpene  Hydrate,  0.15  Gm.  in 
capsules. 

Against  irritation:  Codein,  5  mg.;  Alknlinc  gargles. 

EXFVCTORANT  VEHICLES 

The  »ynip«  cl  tolu,  of  Ur,  ttnil  or  wild  <lu'rry  contain  cipectorsDt  toiutltuenUi 
but  their  qumtily  is  so  small  that  they  Bct  merely  »»  ftavoring  vehicles.  The  tyrups 
of  gly^rrhixjt  and  of  ncacia  arc  qIm)  mkA. 

CODGH  MIXTURES 

TbcK  polyphnrmacal  preparations  usually  contain  morphin  iind  therefore  rive 
reBcf;  but  lincc  they  can  not  meet  the  special  indications  of  the  different  tinges,  they 
sbmild  be  avoided.  The  "  Brown  Mixture."  whow  acti«ly  depends  on  antimony  and 
OIHUID,  U  one  of  the  beaL    This,  and  a  (cw  others,  may  be  mentioaed  u  itlusiratioiu. 

PHEPARATIONS — COUCH  MIXTURES 

('Mill.  Clycyrr.  Co.— See  Index). 

i'Syr.  Scil.  Co.— See  Index). 

Sptcia  PnJoTolti.  S.?. — jVlthJca,  Coltstoot,  Glycyrrhira,  .\ni«e,  Mullein,  and 
Orris.     Used  lis  infusion  i  :  10  ad  libitum. 

SytupHs  Pint  Stntbi  Cempasitiit.  Compound  Synip  of  White  Pine.  N.b'.— White  Picit 
BazV,  Wild  Cherry.  Andia,  Gileud,  Sanguinaria,  Sassafras,  Cblotoform.  Dime,  4  c^.^ 
■  dram. 


CALCIUM  SALTS 


m 

\  General  Statement — The  insoluble  calcium  pliosphate  and  carbonate 

serve  to  give  hardness  to  the  bones  and  teeth.  Their  deficiency  is  one  of 
the  important  phenomena  of  rickets  and  osteomalacia.  Pathologic 
calcifications  of  arteries  and  other  tissues  arc  phenomena  of  degeneration; 
their  mechanism  is  not  understood. 

The  soluble  Ca  ions  have  equally  important  functions.  They  are 
present  in  all  tissues,  and  appear  to  be  essentia!  to  the  proper  permeability 
of  the  plasma  membrane.  Excess  of  Ca  is  depressant  to  most  nervous 
and  muscular  functions,  and  is  antagonistic  to  Mg  and  Na.  These 
systemic  actions  are  produced  only  on  cscised  tissue  or  with  intravenous 
injection,  since  the  absorption  of  Ca  is  qui  te  slow.  It  has  been  tried,  with 
only  partial  success,  in  various  spasmodic  conditions. 

Acute  deficiency  of  Ca  produces  stimulation  of  these  structures,  most 
conspicuou.tly  of  the  central  nervous  system-  This  is  seen  in  poisoning 
by  oxalates,  which  precipitate  Ca.  It  may  also  be  produced  by  ihe  intra* 
venous  injection  of  citrates  or  tartrates  which  decrease  the  ionization  of 
Ca. 

Calcium  is  also  necessary  for  the  coagulation  of  blood  and  for  the 
typical  clotting  of  mill:.  Calcium  salts  have  therefore  been  administered 
in  tiemorrhagic  conditioa'*;  but  since  these  arc  not  generally  due  to  de- 
fidcncy  of  Ca,  it  is  questionable  whether  the  additional  Ca  has  any  eScct. 
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Calcium  seems  to  decrease  the  pernn-;>iiility  df  Wood  and  lymph  m- 
scls,  and  ihcrcby  to  lessen  exudation,  li  has  been  Uied  with  soint  siuost 
aoainst  fterum  raiihcfi,  etc.  Calcium  carbonate  (chalk)  is  aafhftio 
diarrheas  as  antacid  and  protcclive;  but  it  may  also  decrease  UMtxodtlM 
directly.  LJme-watcr  (solution  of  calcium  hydroxid)  u  added  to  ailk  U 
increase  Its  alkAUnlty.  Calcium  oxid,  quicklime,  h  a  slowly  acllngOURit. 
and  is  used,  as  also  tJic  hydroxid  or  slaked  lime,  as  disinfectant.  Cildm 
sulphate,  plaster  of  Paris,  is  important  for  it:;  mechanical  propcrtiet. 

The  caldum  salts  arc  also  used  for  the  actions  of  ihcii  liW" 
(bromid,  etc.).  They  are  less  rapidly  absorbed,  and  perhaps  less iniUM 
than  the  (;orr«.s[>onding  Xa  salts. 


Distribution  of  Ca  in  Cells. — Catdum  ifl  present  In  practically  all  edit  and  i 
Only  B  few  of  thclou'ci  fungi  aic  able  to  live  withoui  li.  O.  l^mir,  iggg,  dainudAit  t 
occurred  only  In  tliu  nudci  and  not  in  ihc  cytoploim  of  the  icllt.  In  luppwt  c(  Ua, 
Hoerhnmmer,  igti,  found  ii  nbsenl  from  the  n<Mi-mKUatc<l  red  blood  cdb  (IwK  M 
prctrnl  in  Ihe  cuclculcd  turpusclus  of  cliickeai.  However.  MacallSB  hlttimli 
dlret:t  miCTuvbeniic  evidence  iDut  it  ii  not  in  the  nuclei  proper,  but  in  thcaadcaia* 
braoe  and  cytnplaun. 

Caldum  LtooBM.— The  dallv  requlttinent  (or  nun  has  been  Mtinutol  aa  i  s  ''l 
Gm.CaO;  0.7  to  i.;  (im.  is  probably  the  minimuni.  Ordinary*  diets  conlainajW^' 
Gm.  (according  to  Shcrnian  »nd  co-wurkcrt.  igio.  American  diet«  >-icld  only  eet  k 
i.^.  mean  oM^.  Cm.).  It  ia  tbercforc  oinceivilile  that  the  Incumo  may  KimcliMi'* 
deficient.  /./,.  in  prennancy.  It  !*  easily  increased  by  drinking  milk.  (hi)»finjl 
the  t^  is  ab«irbcd:  Toriilcr.  1R85.  c%Iimateii  the  atworption  u  about  60  pet  tM.  '■ 
i*  stated  that  ii*  utiliit^kii^n  i^  liclicr  from  mcalt  than  from  voceublei. 

Caldum  BxcrcCion.— Thii  i*  automalicnlly  adjusted  to  the  incooie;  but  tlie  mHiM 
Quantity  required  ti>  maintain  equilibrium  vane*  vith  the  diet  (Ki>clUMna<  W"'' 
Abunl  $  to  10  per  ccnl,  (0.15  to  0.5  Gm.  per  dnyj  are  etcrelrd  by  llir  uriac,  oiiBJ'' 
ph(M|tha(ei  the  remainder  leave^  by  the  feces.  It  u  believed  (K.  Voil.  18S0)  ihaliPWi 
of  the  fccol  Ca  in  ahsurbcd  by  the  *mall  iniesllnes  and  re-cucreted  by  t^  larp.  "J 
adminl>lrflIluD  of  wilubk-  Mic  wtlln  inc-reiiea  lh«  urioarjr  escrelion  o4  Ca.  Mil*" 

thosphiila  arc  present  in  the  nlimrntnry  canal  (Hart  and  Slecnbock,  ittti.  2™ 
ypiidermir  injitlinn  -.f  rjxlciiim.  a  InrKeparl  is  excreted  pramptty  by  tbeanaie^'^^j 
propitfti^n  bfinc  temporarily  retained.  The  Lnlmtinea  do  not  alwaya  Jpaltkip*  ■ 
tlie  eicretluD,     The  oiiipiit  rif  Mr  U  aUo  tncrcaned  (Mendel  and  Braecuct,  tw- 

Calcium  Retonticin  and  Deflcienej'.— The  ad mlnlu ration  of  Ca  (cUmU  <•  ■'>'^ 
aevera!  ("rum?  per  dayl  incrta.«i  the  Ca  stock  of  the  liuuei  and  blood,  evun  to  "J*? 
adutta  (Voorhoevc,  igii  and  iqij).  An  exclusive  milk  diet  li  MJd to tcduceAtA'' 
the  bloixl  to  one-half  (Himeltler  and  Terray,  190s). 

Calcium  Administration  on  Urine.— Calcium  probably  dlouBbhe  <^ 
permeability  of  Ihc  kidneys,  and  therefore  diuresis.  Thcetfpct  iinolp**' 
with  ordinary  doses,  and  proliably  varies  with  conditions,  c.f..  the  nW" 
Ca  to  other  ions.  The  acidity  of  hie  urine  i*  diminished  siiueapart'^j^ 
P0(  is  deflected  to  the  intestines.  This  has  been  suggested  a*  po*")' 
bcnelidal  in  gout  (v.  Noorden,  t8g6),  but  the  results  are  qu»tionjiblt 

The  effect  of  Ca  on  diurcsia  ia  dlacuawd  bf  Porm  and  Pribram,  1908.  Ttdw*** 
the  cxclKd  kidneys  with  Ca  decreases  itie  veui  and  ureter  Auw  (Sullmjiin' .  Tbro')^ 
tlon  of  CI  is  but  Utile  affecicd  by  Ca  adminbtration.     lacoby  and  '  ™" 

some  dccTcuc  by  Cain  human  ncphtiti^i  alMdccrcaaeot  wstcr.CI  .-  ".'^[It. 

Tlicy  slate  that  It  leuens  nreatly  the  cacretlciD  of  MiKar,  acetone  au<i  N  is  l''*''jjj? 
dog*.  It  i«  laid  to  prevent  the  uric  add  incrcaae  after  atot>lian  adaiiitltaltM  (^ 
1913).  It  prevents  tV  glycosuria  and  fever  of  NaO  injections;  but  larftdMt»i'^|2' 
may  ihenurtvei  produec  glyciHiiria  (UnderhUl  and  Kleitwr,  iuo8).  Wrifht  ■•■  •J 
100;,  claimed  that  Ca  cure*  ortbMlailc  hut  not  renal  albuminuria.  TtJi  iwaM^J 
connrmati>)ii.  I>llnncr,  tgt6,  atatet.  that  intravcnou*  injection  uf  eakfuB  tola  w*~ 
converts  a  lubaculc  uranium  aephritii  into  the  acute  funa.  Calcium  phafltalt"' 
been  recommended  ia  diaMts  mtUiiui,  but  hat  no  effect  rv«n  In  ihr  amnt  o** 
(Bnining,  1898). 
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Cfllcium  in  Bone  Diseases.  —  Rachitis  and  o^teomalaua  show  (lefideiit 
Ca  content  of  die  bone.  Soraewiial  similar,  liul  mil  strictly  analogous 
changes,  are  produced  by  deticirnt  Ca  income  in  young  animals.  This 
suggested  the  treatment  of  these  conditioiu  by  the  adminisiraiton  of  lime 
salts,  particularly  calcium  phosphate.  The  results  were  disappointing; 
doubtless  !>ccau3e  the  deficienc}'  is  not  in  the  income,  but  in  the  assimila* 
lion  of  the  Ca  by  the  bone-forming  tissues. 

Calcium-poor  Diet. — If  young  anlmHls  arif  fed  •>»  fuch  a  dirt.  Ilicir  bone  (ormatiun  i« 
defeclivc.  The  bcmci  contain  about  Ihc  normal  percentage  of  lime,  but  very  i'tl'e  bone 
i&laid  liown.  and  ihts  is  thin,  pliable,  deformed  nnd  fra^tc  (E.  Voit,  iKllq).  Ii  cuntaitu 
more  valm.  Na  and  K.  wbtle  the  Mg  is  not  maierisll)'  increased.  However,  the  jiet- 
centages  var>'  in  tliilerent  parts  of  Ihe  skeleton.  The  animal*  are  undefiiwd,  with  ponr 
appetite  and  defective  nutrition  (Wciser,  1914).  In  labbits.  the  Cn  ninirnl  iif  the  bones 
U  increased  by  green  fotH.1,  diminished  by  exclusive  oat  diet  (Luilhlen.  iQii).  The 
adraini  It  ration  of  sodium  uxalate  for  n  n*ek  diminiiihc*  the  Ca  content  of  the  soft 
tissues  before  it  nffccls  the  bones  (Sar\'onat  and  Roubier,  igi  i).  li  this  diet  it  rich  in 
magnesium,  the  Uines  miiy  accumulate  double  the  normal  Mg  content,  but  without 
improvins  the  skeletal  development. 

Rkchitis. — In  this  discnic,  the  bone  is  even  exeessive,  hut  is  very  poor  In  ash,  a*  low 
as  one-lialf  the  normal,  especially  p.ir.r  in  calciiiiri  phosphate.  The  cause  of  (his  condi- 
tion is  still  in  controversy.  It  can  not  be  due  to  deficiency  of  Ca  in  the  focxl.  for  it 
occurs  often  in  bottle-fed  infants,  who  receive  plenty  of  C.i  (Stocltiner.  1891)).  Zwei- 
(el,  1900,  assumed  defertive  absorption  of  Ca,  but  without  good  evidence.  In  tact,  the 
kbiorption  and  excretion  of  Ca  seem  about  normal  (Ruedel.  iSu^),  One  muit  therefore 
SMUme  defective  assimilation  by  the  bones.  The  bone  changes  arc  probnhl>'  a  mere 
Incidental  phenomenon  of  the  constimtionnl  disturbance.  Pfaundler,  1004.  suKKestS 
a  change  in  the  absorption  of  Ca  salts  by  the  bone-matriT;  but  lhi^  i*  hypothetical. 
Sabbatani  and  Salvioli,  191].  investigntcd  the  precipitation  oF  calcium  carbonate  in 
the  priMnce  of  colloid », 

The  cauM  of  rachitis  being  deficient  assimila  tian  and  not  deficient  income  of  Ca.  very 
Kttlc  could  be  evjiected  from  the  administration  nf  Ca  salt^.  Thi«  is  also  the  verdict 
of  clinical  c«pericnrc  (M.  Klotx,  i<jis). 

Osteomalacia.^In  this  diu-ase.  Ihe  bone  conlaini  but  30  to  40  pet  cent.,  instead  of 
the  normal  ;6  to  fio  per  cent,  of  inorganic  salts,  ihcir  place  being  taken  by  new  formed 
osteoid  tissue.  The  condition  Is  also  not  asrribablc  to  deficient  Ca  income,  but  to 
Mcessive  destruction  of  bone  tissue.  Limbeck,  1804.  found  the  excretion  of  Ca, 
especially  by  the  intcilines,  to  exceed  the  income.  Neumann,  1S06.  nUo  found  the  ex- 
cretion high,  eiprciiilly  in  the  early  »tages,  when  the  Ca  of  the  bones  is  still  high.  The 
later  stages  majf  show  retention. 

MotaoccwKki.  tgoo,  claims  considerable  loss  of  Cn  in  pemicioua  anemia. 

Diitbett-t. — Kahn  and  Kahn.  lyi^  and  iqiO.  linri  Ih.ii  diab.'iic  piitient*  have  a 
negative  calcium  balance.  They  claim  that  the  intravi;uuus  injectioii  of  calcium,  iu 
diabetic  patients,  produces  marked  decrease  of  glucose  excretion,  grodual  decline  of  the 
Itlyccmia,  diminished  urine  output,  and  relief  nf  symptoms;  and  that  it  appears  tu  pre- 
vent the  development  of  acidosis.  They  inject  caullousty  an  ni/8  solution  of  CaCI,, 
in  norma!  saline,  from  i  t,  c.c.  ujiward. 

Calcium  Therapy  ia  Phthisis,-  -This  was  recommended  by  Fourcioy,  lylt^.  It  lias 
been  iricil  (c[icatedly,  on  tlie  «^>umption  tliiit  phthlwa  is  accompanied  by  excessive 
ciccTetion  of  calcium.  This  has  been  afTirmcd  \>y  some  compcteiit  observi^rs,  but  dues 
nnt  appear  to  be  an  in\-anablc  phenomenon  (Kahn,  1Q14).  The  clinical  reports  arc  too 
discortlant  ti>  justify  faith  in  this  ttvatment. 

Reproduction. — Emmerich  and  Loew,  iQi;.  observed  that  ad  mini  titration  of  calcium 
to  female  mitt-.  (luinrn  pigs  and  rabbits  was  foUowi-d  by  Increased  number  of  pregnancie* 
and  hiyhff  average  of  the  feti. 

Degenerative  Calcification. — This  \»  a  common  pathologic  process,  especially  in 
connective  ti^^ue.  It?  mechanism  is  not  undersluod.  Klot^,  11)03,  believed  that  it 
starts  with  fatty  dcgcncntion,  the  fats  and  proteins  forming  soaps,  and  these  uassinR 
Into  Ca  soaps,  and  iinally  into  inorganic  Ca  compounds.  Klotz  and  Bothwcll.  igis, 
describe  fatty  changes  and  dcpoMliun  of  calcium  aalt^.  especially  in  the  capillary 
eodolhclium  of  the  lungs  of  rabbits  injected  intravenously  with  olive  oil  or  cholesterin. 
However,  this  theory  seems  disproved  by  the  experiments  of  Wells.  1006.  and  especially 
ol  Baldauf,  1007.  MatCordick.  loij.  finds  the  rigidity  of  calcified  arterie?  ifiSerent 
during  life  than  after  death,  and  therefore  suggests  that  the  Ca  i»  In  solution  during 
life,  and  deposits  in  the  plaques  after  death. 


686 


UAXVAL  OF   PHARMACOLOGY 


iBtnTCnoiw  bkdton  of  CtldoBi  Salt!.— TfaU  lowen  the  blood  pnvampii^] 
the  hcoit  and  rttqiirillon-,  arrats  diuresia  and  perisUkia,  etc    Hmodmiftt«)KdM ' 
have  nmikr,  but  much  weaker  sad  ilowcr  actions.    Aainwis  die  cd  ctatnl  F**^ 
a  (cv  dnys  niter  the  hypodermic  bjociion  of  o. j  lo  0.4  Gm.  CaOi  pt>  kioRBB.   M 
■dministralioti  dues  not  produce  these  lyitcmic  cdecti. 

RMrfratioa  of  Mamrrah. — Scbluk,  191 1.  dcKn'brd  apparent  tliiMtbUM  it  t**- 
theiUed  animals.  Haffnor,  1913.  tJniU  that  ihiik  is  iiutirn:!,  due  10  [aihire  ci  oodiUa 
from  cardiac  depreiuon.  The  <Urect  rcUdq  i*  repiratoTY  dcpremoa,  vhitfc  at]  k 
the  CRU«e  of  d<stb. 

Pcffua«d  Reeplmtary  Center  ot  Frosfl.— Ttiis  was  deprcMcd  b^-  dcciaiai  d  Cl, 
stimuUtcd  by  ubiencc  or  citesi  of  L'k  ((looker,  igij). 

CtrculatiMi. — Small  dou:t^  Intinvcanu'ly.  Munctimct  incitflM  Ihc  blood  pRwnriM 
heart  rati'  ^liKh[ly,  by  brief  dtorcsMon  uf  the  vajtii  larger  doaes  paralyat  tM  vi^Wi 
diminiih  the  heart  rate  and  bUwd  presture.  by  s  mixed  effect  oa  the  cafdfac  awdw 
and  ncrvca  (Cutola,  igij).  The  tmall  doK%  may  ccouddcrably  inoeuclhcMipUd 
the  heart  without  chnngins  ihcnte,  t.*.,  by  incrnrinK  ll>c*iD|tUttid((RotUa8aMf 
Winlcibers;,  low). 

Colciuin  on  Heart  Mu»d«.— On  the  excised  he«rt,  Ca  ha«  a  rcUrainiH  atliUj^i 
taBoni«iIc  to  Na  (tec  page  (>,)&);  but  complete  absence  of  Ca  rapidly  abolinMil^rtWc 
corn raci ill ty.  Abwnec  of  t^  also  temuvn  the  iliythmic  ai'tlrity  of  o(h*t SblfM nd 
unxtripeil  mui^le;  and  thcM  reappear  when  Ca  b  added  (Buglia,  1911).  ttttlKtt 
arc  <■»  rn['t<l  a>  In  -liv.>;<-><1  that  tliey  must  be  exerted  o(t  the  plaama  menbnac 

Other  Earthy  Mvlala.— Ba,  Sr,  Ca  nttd  radium  emAnatioBs  act  UeMkaAr  a  A> 
isolated  frag  heart,  the  activity  Uccrcaiiog  from  barium  in  the  alMve  order.  Icrc** 
CCDtrationa  incrratc  the  <I'iaLtotc,  to  diaalolic  stand»UU.  Htgber  oooccaUalfMI  ^ 
crease  the  byatult  In  >yhii.>^c  standtiill  (KJonlcs,  1914). 

Soaped  and  Smootit  Muscle-^-The  rhythmic  cantnctian*.  wluch  ate  Mwm  ^ 


ikrttlat  musde  nhcn  immcri>cd  in  NaCI  fitiitidn,  arc  abol)*hed  by  CsfSido^  Risftf, 
1S81).  Ctjdum  alio  has  a  tvrare  itdion  CJostph  and  Mdticr,  igt  1),  Ewued  t***- 
(iiiif  muscle  ii  constricted  by  Cn  or  St,  though  lesa  than  by  Ba  (Trenikkabatf,  Mil 


Cakium  anc^tt  pituitary  asthma  (Kaj'scr,  1914). 

Cardiac  Vagus.— The  presence  of  Ca  ts  neotasary  for  the  tahlbltory  activi^  fj^ 
va^us  (Schill;  fiusquet  and  l^hott,  1909);  but  apparently  not  for  n»isauia(ft^'*>> 
191 1).  A  mraewhat  smaller  concentration  of  Ca  suffices  in  the  procDce  of  K  (l>iP> 
andOmond,  i^ii).  A  moderate  decrease  of  Ca  tncreaws  the  excitability  <<  the  np>- 
esceM  of  Ca  diminishes  the  cxciisbilit^  (Cozeola,  191J;  see  also  p«fK  Ojo).  Ssltf 
phenomena  are  obscn-od  with  the  pelvic  and  chorda  tympani  nerve*  (O.  Lur«i.  4"; 
Increase  of  Ca  also  restores  the  Irritability  of  the  vagus  wfacB  this  has  bees  dc(fnn 
by  Mg  (Aucrand  Mettxer,  looj). 

In  complete  heart-block  injections  of  caleiuni  (01  bwnun}  praduce  attacks*  !■* 
porary  arylhmia  and  vcntrkulnr  incbycardia, increasing  to  fibnUatina,  ThoniyV 
may  be  pteotded  by  groups  of  punetlul  and  rapid  btata.  The  aurkija  ate  afln<»  " 
the  same  sense,  but  not  as  greatly.    The  blood  preasy re  rises  (Van  Ensoad,  '^'J'' 

Blood  Veiaels. — Hooker,  1911,  found  that  Ca  perfusion  cGlaie*  lae  veMtba^ 
{me.  R.  G.  Penrce.  191],  found  Ca  necessary  to  the  vasooonotrictor  action  ('■P' 
nephrin  in  perfused  Iro^;  cpintDhrin  in  NaCI  ptodudag  vaaodilaliosi.  C«*s*k' 
ncceiuiiy  lo  the  wculsr  cITects  of  curare,  ergot  m  barium.  TheoondttkosMtsI*** 
reversed  in  mammali,  for  Cow,  1911,  fouod  that  the  scntitivcaMa  of  artenal  i^" 
epinephrin  and  pituitary  was  mcrctued  by  absence  ot  Ct;  the  reactioD  lo  bans*  ■** 
a^ain  unaficclcd. 

Pupil.— .\uer  and  MeJtxcr,  1909.  obw:r\-od  that  the  Intravenoas  injection  cfOt*^ 
duces  a  maximal  mioiis.  in  which  the  pupil  is  icTtsponslve  to  sympatncik  stiauau^ 
The  rimulianeous  exhibition  of  other  drugs  shows  Interesiinc  comptei  pbos^a 
The  miodc  acdon  appears  lo  be  due  mainly  to  direct  stimulaiiosi  of  Uk  <(*'£ 
muscle  fibers,  and  nmhnbly  also  of  their  nerve-eadiDgs,  supported  by  IcncbcI  W- 
lability  of  i)it  ptriplicml  sympathetic  mechanism.  _ 

Aot^onismof  Ca  and  Mg. — Thit  mt'i  discussed  on  page  641.  IttfaoaMbriMa^ 
barad  that  the  actions  of  Ca  arc  conditioned  on  the  ratio  of  other  ions.  Thus,  It*  *: 
tnvenous  lajection  of  Ca  which  is  depressant  to  isonnal  animaU,  caiuB  ^'''''^f 
on  animal  aoMthctixcd  m'tb  Mg.  Strontium  does  not  bare  ihis  cfleci  (Iw*' 
1900I- 

tb*  Hatm*  of  Calcium  Action  and  Antacoelam.— TUa  wm  dtscuaied  ••  ps*  Y" 

loactintlon  of  Calcium.— Ttie  C.i  in  the  body-OuidSi  sod  prwunably  la  ^tlg 
caabe  rendered  inactive  by  the  introduction  of  precipitant  anions,  nch  UlhtMav* 
or  ftuorids;oebydccreastnit  Itsioniistiun  wiihiiiraic^ot  tartrates  (Sahbaiaai  ifU *■• 
1901).    In  the  isolated  bcart,  the  toxicity  is  icreatest  lor  titrate,  than  o»al«1ti  f 
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tartrate  (Salant  and  Hecht,  1914)-  In  eitiwr  ca«c,  the  inaetivation  producea  the  op- 
pohitf  c^L-cU  from  Ca,  vu.,  excessive  slimulnlion,  r-onvtil^nn»,  bypcrscnsltivcneM 
of  the  autonomic  nervcs.aitcirliytl^iiii'^  contractionik.  Slmikr  uflrcliiarFiccn  in  mtnxica- 
liou  by  adds.  A*,  Hg  or  chlorates,  nhich  ptobably  all  diminish  thf  Ca  content  (Clilarl 
ud  F^sehlich,  ipti).  These  fffiits  may  be  promptly  ti^movwl  by  the  addition  of  Ca 
and  less  efficient^  by  Sr  and  M^'  (Starkcn^tcin.  igi4);  but  not  b^  other  ratbiong,  not 
even  by  those  (Bs^  cK.)  whidi  precipitate  the  oxuhlc.  The  stimulatit'ti  is  tberefons 
not  due  to  the  oxalate,  etc,  as  sucli,  but  lo  the  inaetivation  o(  (he  Ca.  This  is  confirmed 
by  the  observation  that  ecgui molecular  solutititi*  of  the  different  innctivator^  have 
praciically  equivalent  effects  (Slarkenstcin). 

Salant  and  Hechi,  1914,  describe  some  observation*  which  they  convder  contradict 
this  eiplnnntion.  They  find  in  perfuaion  of  the  isolated  heart  that  calcium  citrate  or 
tartrate  solutions  act  practically  the  wmc  as  ciiiiim.plcfular  ralclum  chlcirid.  'llii*, 
however,  need  only  laean  titbit  the  citrate,  when  already  bound  lo  calcium,  doei  not 
disturb  the  ioniialion  of  the  c^ilcium  in  the  tissucn. 

Use  of  Calcium  in  Convulsions. — ^Thc  dcpresMint  action  of  calcium  sumeHts  its  uw 
in  strychnin  poisoning,  but  Fischer  (1004)  found  it  iricllective.  2inda  (iqoi)  obtained 
better  results  by  durnl  injection;  but  the  effective  doje  wa*  so  large  as  to  be  ilicif  danger- 
ous. Januschke  and  Masslow,  1914,  conclude  thai  even  larec  dows  of  calcium  have  no 
direct  iohibilory  eScct  on  eiperimcntul  convulsiuns,  whellicr  cerebral,  medullary  or 
spinal.  The  apparently  successful  results  of  Januschke,  191JI.  and  prefuraably  thoM 
01  Yo([i,  iqi  J,  and  uthri  workers,  ate  attributed  to  delayed  absorption  iif  the  hypodermic 
injections  ol  the  convulsanls,  which  results  from  previous  calcium  Ircntment. 

Parathyroid  Tetany, ^Nettcr,  1907,  reported  success  Irom  calcium-chlorid  admini** 
■ration  in  leUny.  This  has  been  coniirmcd  far  gastric  tetany  by  Klimicutl,  1909: 
and  for  parathyroid  tetany  by  W.  G.  JklacCalLum  and  VucKtIln,  rooSi  Carlson  ana 
Jacobwn,  igio.  and  oihcra.  JlaeCollum  and  VoejitUn  believed  that  the  parathyroid* 
control  the  retention  of  Ca;  that  their  loss  resulted  in  a  diminiidied  Ca  rnnteni,  eipo- 
clally  of  the  brain;  and  tlint  the  administration  of  Ca  replaced  this  delicicncy.  How- 
ever, others  could  not  find  any  diminution  o£  the  Ca  (Cooke.  1910);  and  the  Ca  adminis- 
tration probably  acti  onlv  by  lewcnlng  the  nervous  irritability. 

Marme,  1914.  found  tnat  the  parathyroid  hypcrolasia,  which  is  produced  In  fowl  by 
a  diet  of  maize  and  wheat,  is  retarded  by  feeding  calcium,  accelerated  by  sulphuric  acid 
or  neutral  sulphur. 

Infantile  Tetany. — Haskinsnnd  Cetslcnbcrger,  1911,  found  it  Inefleclivc,  but  Goep- 
pert  claims  lupprcs^on  of  the  frequent  convulsions  by  calcium  chlorid,  B  lo  14  Gm, 
daily,  in  doses  of  [.5  to  s  Gm.  The  administration  mu'l  be  continuous,  (or  spasms 
reappear  if  it  is  discontinued  tor  twelve  hours  (M.  Klotii,  1915).  Grucnfeldcr.  1013, 
reports  that  taryngospasm  and  tetany  ate  cuntiolkd  more  (womptty  by  calcium  bro- 
mide (1  Gm,  per  day)  than  by  NaBr, 

CoDtiol  of  Inflammations  bjr  Caldum. — Ca  salts,  even  wht^n  adminis- 
tered systematically,  seem  In  lesstii  the  inflammatory  phenomena,  espe- 
ciallv  Ihi:  tendency  lo  effusion.  This  is  presumably  due  lo  decreased  per- 
meability of  the  vessel  walls,  analogous  to  the  effects  of  Ca  on  other  cells. 

Effect  oi  Calcium  on  ESubIohb, — R.  Chiari  and  Januschke,  iqio  and  iQii>  found 
that  the  hypodermic  injection  of  Ca  prevents  the  pleural  effusion  which  ordinarily  oc- 
curs after  fatal  doM's  of  Nal.  diphlhena  toxin,  tliiosinamin,  etc.  It  also  prevented  the 
inflammatory  edema  of  the  conjunctiva  after  oil  nf  mustatil  or  abrin;  and  the  irritatlolt 
of  the  ikin  by  croton  oil  (Luilhlen,  iQi  j)'  It  has  been  found  similarly  u^ul  in  various 
skin  rasbcs.  Some  of  these  results  were  contradicted  by  Levy,  iiji  i  and  1914,  hut  con- 
firmed by  Leo.  igii.  The  effect  of  a  dose  Inst*  about  a  day.  Flcisbcr,  Hoyt  and  L. 
Loeb,  1909,  also  found  thai  Cat^i,  inlraveniiu^ly,  dcircnscs  the  elinunaliun  of  injected 
talinc  fluias,  nut  only  by  the  kidneys,  but  to  a  kstcr  extent  also  by  the  intestines.  It 
also  cause*  some  depression  of  inleitinal  absorption.  On  the  other  hand,  it  increase* 
the  tendency  to  peritoneal  and  pulmonary  tran*iudation.  This  is  only  partly  due  to 
Inlerfctencc  with  the  kidney  function.  lot  the  nscilic  tendency  la  cxaKgerate'd  by  Ca 
even  after  nephrectomy.  Calcium  has  also  been  found  unsuccessful  in  clinical  seroua 
eSusioriK,  Vclden,  1913,  suggests  that  it  lessens  the  absorptioD  ul  the  ascites  more  than 
its  formation. 

Mechanism  of  the  Antiedemic  Action, — Luff,  1900,  Attributed  the  effect  ol  Ca  to 
increased  tongulability  of  the  blood,  ffowtvcr,  Chiari  aiul  Junuschkc  Cound  it  effect- 
ive even  when  the  blood  was  kept  iion-cosKulntilc  by  hirudin.  They  suggest  thai  the 
Ca  has  a  precipitant  effect  on  the  cement  substance  of  the  endothelium;  but  moieprob- 
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ably,  the  penimbllity  of  all  ili<?  cctU  i»  dccreaitrd.  Drlijcn  (1904)  bisi 
ftmoll  tncsol  uldum,  ftruncium.  barium,  and  nM^tiFuum  Icmcd  tbcMivnilKliaitf 
disllUed  water  on  cclU.  Ilcrbit  (numl  ihm  Ka-iiiclun  uva  twdl  wbcn  O  it  tmnM, 
and  shrink  when!  I  i>«ld«d.  Osictbinii.  igit  unci  igij.  t^howod  ihat  C*C1|  [AvnbiW 
entrance  of  N'sG  into  spiroKyra  lilnmi-nis,  *nc]  ihnt  it  rcailtr^i  ihr  pbimanmbiM'' 
kdp  (iBBiinoria)  immrmBablc.  Hcdcr.  1877.  itainl  thai  Caldum  phoroWn  <■» 
wmipefmablc  membtnnes.  These  hav«  hccn  rnvntigatrd  in  (iirlbrr  drtml  brUiilk 
1015.  The  clianicei  in  (lie  app»tunce  of  lluomCFin  in  th(  anlvrior  eliiiaber«ttkif( 
0^  indicate  dccrcawd  pcraieabUity  (O.  Katc.-iow.  1016). 

Pliaiecytoiii  may  alto  piny  n  put.  H.  J.  Hamhiiiirct.  t^io.  found  iWl  tkmpsbi: 
quantities,  hypodfrmically  or  bj-  moutli.  inci«i>c  tlie  aaichaM  movMKBta  li  Im Wo 
cocyta^  and  Iheretore  cbcmatailt  and  phattomou*.  On  the  ollia  hand,  Ilcedi.  hi(>. 
npoTU  the  mignition  of  Uucocytrk  from  inffnmfd  fros's  nicMTniety,  aa  InbitilMV 
caldum  chWid. 

Pertphenl  Ancsthelica  on  Inflanmuiiini.— ^nDuuhke.  iot,i.  rind*  ibat  the  tMourf 
ckmont  ran  al^i  bi:  rhcckrd  by  .i!t  dtuqi  which  parnly-fc  ihe  lentoty  iriwuihilwt- 
Ints;  and  tliU  imlepeniirnily  uf  the  ccfltral  nervous  syvicoi. 


Dse  of  Calcitim  in  Skin  Rashes,  Catarrhs,  Etc — Wrigbi,  1 
thai  the  administriitiim  of  c;ikium  thloriil  tends  to  [irvvvni  ibc 
of  scrum  rashes.  Ncttcr,  1907.  also  found  it  useful  in  uriicara,  Kiilr 
edema,  frost  bile,  and  pruritus  Other  similar  CMndiiioiu  relietvd  bf 
Ca  arc  boils,  crylhema.  lichen  planus,  hemoglobinuria,  etc.  (La9, 1904). 
Iiay  fever  and  iodid  coryxa  (Chiaii  and  Januschkc,  iqii,  Kmmench  ud 
Loew,  1915);  aalhma  (Kay*<rr,  1911,  1014).  The  beneficial  rwulisiir 
clinically  rather  unreliable,  but  have  been  repeatedly  confirDwd,  pcm'  ' 
that  the  Ca  h  given  in  adequate  doses  for  a  sufficient  lime. 


'4 


Strong  Roluiicm of  CaC1](iopcr  cent.)  applied  III  the  M:arifialik!a,rai*t»U 
wfacHi  (I'lkhrf  nnil  Stillmnnn.  H)i(>i. 

Effects  of  Various  ConditlonB  on  Skin  RMctions.—Luiililen.  iqii  tu  I4i^(<<*lr"l 
the  renction  of  the  skin  of  cjtti  tii  ir.Jton  oil,  found  that  ihih  may  be  taoAiUbt^ 
and  uxaLatts;  by  ditfeteiil  diei»  (iiiiu:<'''<'">C  (hat  nitema  may  be  a  cunstiiuliOMlAW 
geralion  uf  Ihe  reac1ii>n  of  the  ikin  to  nuctnai  irriuiioo);  and  by  the  injvrliMalMW 
fioluble  Ktarrh  and  even  mineral  colloid*.  j,<-,.  Hiica.  Strum  inirdiimt  luT«benM^ 
clinically  axainat  certain  skin  ditteases  (.X.  Mayer  and  Mnicr);  but  are  oidy  tfirirt*" 
those  <lt>ea>es  which  are  basfd  on  cxudatiua  ut  tniaMidiliiNi. 

Cnlcium  on  Intestines. — Calcium  carbonate,  and  to  a  unallct  ecint 
the  phosphate,  haw  long  been  used  '\n4iarrhea.  Tlteir  action  is scwwy 
explained  as  antitcid  and  protective,  but  it  U  poxtible  that  the  <li 
ion-actioo  comes  into  play. 


Salln*  Caihattica.— Chiari.  1010.  nlU  attention  to  the  fact  that  «U  ibt 
ioB(  aiF  anU|^>nittic  tu  Ca;  and  ifiai  ihii  may  explain  their  action,  at  lout  faill) 

Excised  iBlesttne.— Vanywk,  igi4.  slaleo  tiiat  calcium  cUortd  atiaulrin  <>' 
eular  and  relaxn  the  looKitudinal  mutcic  of  cat's  intestine. 

Calcium  in  Hemorrhage. — Ca  t!i  necessary  for  the  action  of  thiW^*^! 
kinasconthrorabogen(ortortheconversion  of  prothrombin  into  llirooiM*^^ 
Hiiwcll,  1014)  and  hence  for  the  coagulation  of  the  blood.     It  has  '^'^'f^^ 
l>ccn  ihoughl  thai  the  admini^lralion  of  Ca  would  be  tueful  wheni*   "^ 
desired  to  increase  the  coagulability  of  the  blood,  as  in  persistent  hi*^T 
ihues,  aneurism,  hemophilia,  pur|iura,  etc.     However,  I  he  normal  twP't^ 
of  Cain  the  blood  is  more  than  is  requited  for  coagulation;  further  iw""** 
of  Ca  does  not  increase  the  coagulability.    The  addition  of  calrius'** 
hemophilic  blood  in  citro  delays   rather  than  hastens  its  CD4Kvl>li») 
(Hess,  1915).     Nor  has  it  been  shown  that  Ca  is  deficient  in  any  of  li"* 
conditions.     Hemophilia   i.*   not   related   to  calcium  defidenry  of  »»][ 
anomaly   of  calcium  metabolism.    Rather,  it  is  due  to  deficiicnc\' 
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in  (Howell,  1914),  fibrinogen  (Hess,  1914,  1916),  or  throm- 
bokinasc  (Sahli,  1905).  Estimations  of  the  coagulation  time  after  admin- 
istraiion  of  Ca  have  given  conl radlclury  rt-sull.*,  due  partly  lo  ilifTercnces 
of  Icchnic,  partly  to  the  time  when  Ihc  observations  were  made. 
The  expciimcnts  of  Vclden,  1913,  indicate  that  the  coagulability  is 
indeed  increased  for  a  short  Ume.  This  increase  is  also  produced  by 
equal  quantities  of  NaCI,  and  is  probabl)'  due  to  a  local  action  on  the 
alimentary  canal.  It  does  not  last  beyond  twenty  or  thirty  minutes, 
and  would  therefore  be  useless.  However,  since  the  administration  of 
Ca  does  no  harm,  its  use  may  be  permissible.  Any  benel'iU  in  purpura 
(Russel,  1907)  could  perhaps  be  explained  by  its  action  on  the  permea- 
bility of  the  vessels. 

With  hirudin  plasma  tbc  coagulation  is  further  delnyed  by  the  addition  of  calcium 
(Htm,  1913), 

CtinlcftI  Data. — The  us<  ot  Ca  in  htrmuphiliu  waa  itart«d  by  Wriiihl.  iSgj,  who 
claimed  A  reduction  of  the  coagulation  time  to  60  to  70  per  cent,  Cotcmon,  1907, 
found  noeffccl  on  oral  adminibtrAlion,  hut  shoncncd  roBgulntion  time  from  liypodermic 
injection.  Purely  neifalivc  results  witi;  obtiiLneti  by  Koberlson.  lUmen  and  Duncan, 
1907;  Addis,  iqog;  Rudolph,  1910;  Dole  ami  Loidlaw,  1911;  and  Hcf>».  iqij.  In  ob- 
structive jauaolcc,  when  tilood  cosgulalion  i*  delayed  by  ewcsa  o(  bile  in  the  blood, 
Lee  and  Vincent.  1915.  report  leitoiation  ol  the  coaitulability  by  colcium  lactate  <? 
Gw-  per  day). 

The  llicodcs  of  licmopliillii  uro  r(r\'i<;wcd  by  Hurwitz  and  Lucaa.  1916.  KaJin.  19161 
reports  one  tasc  with  deficient  ciikium  contcnl  ol  the  blood. 

Other  Substances  Increasing  the  Coftgulabili^of  theBtood.— Cciatln,  and  kcphalin 
serum  arc  iliscusstd  cUfivbcrc  («■!.■  Iriilti),  Widen,  1911.  also  fnutid  IncreaicJ  coairt' 
lability  alter  the  diKitulis  f^toup.  suprarenal  e.ttract.  and  amyi  nitrite. 

Coagulation  of  Milk. — C;i  is  necesury  for  ttic  prccipi tuition  of  the  caseinogcn  as 
cftsein. 

Rigor  Mortis.— This  is  hastened  by  the  systemic  adminisiratioo  of  Ca.  delayed  by 
Mg  p'McllJ.cr  and  Aiicr.  1907). 

Phtorbliin  Diabetes. — Jacoby  snd  Rosenbioom.  191S1  state  that  large  doses  ol 
calcium  diminish  Ilie  exc-iction  of  sujtnr.  nilrotsen  and  acetone.  The  blood-sugar  in  alto 
lowered,  so  that  presumnhlj'  the  priiductioii  of  sugar  is  diminished. 

Admintstratioa  for  Systemic  Action. — The  commonly  used  salts  are 
calcium  chlorid  and  lactate.  The  chlorid  serves  well  by  moutb,  but  for 
hypodermic  injections,  the  less  irritant  lactate  should  be  preferred;  at 
least,  the  chlorid  should  not  be  used  in  concentrations  above  i  or  i  per 
cent,  or  there  will  l>e  indurations.  The  concentration  of  the  lactate  should 
not  exceed  5  per  cent,  since  stronger  solutions  solidify  (Hugenholtz, 
1915).  The  single  oral  dose  of  the  chlorid  is  0.5  to  i  Gm,,  8  to  15  gr., 
in  solution,  with  meals.  The  daily  dose  against  serum  rash  is  0.75  to  i 
Gm.,  beginning  on  the  day  of  the  antitoxin  injection,  and  continuing  for 
three  days  after  the  last  injection  (Netter,  1909).  Against  hay  fever,  hem- 
orrhage, etc.,  i  to  3  Gm.  are  given  diiily,  commencing  as  eurly  as  possible 
and  continuing  for  several  weeks.  This  continued  use  does  not  seem  to 
cause  harm  (Emmerich  and  Loew,  1913.  n>rs).  The  lactate  may  be  given 
in  double  this  dosage.  The  hypodfrmic  duse  of  the  lactate  is  0.5  to  2  Gm, 
in  70  to  50  c.c.  of  water.  Inlrmrtious  injrdwm  have  been  emplove<l  in 
spasmodic  conditions;  3  to  d  Gm.  of  the  chlorid  or  lactate  in  a  btcr  of 
normal  saline,  injected  very  slowly. 


PREFARATIONS — CALCIUM 

•Ca/cii  Ccrboniu  Pratipiialia  (Calc,  Caib.  Vttx.),  U.S.P„  B.P.  (Precipitated 
Chalk),  CaCOi.^Fine  whitepowder,  without  odof  or  taste,  Practiealiy  insol,  in  water; 
decompoocd  by  adds.     Doit,  i  dm.,  1$  gr.,  I'.S.P.,  as  powder.     This  will  ncutrjliic 
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0.730  Gm.  abwlutc  Hd.    larger  do*cs  ate  barmlcM.    Dost,  B.P.,  1  (u4Cift,iitt1 

**'  •Crtta  Prapaiala  (Crcl.  Pricp).  U.S.I'..  B.P.;   Prepared  Chalk  <Di«p  CWkl- 
Natlvv  Caldum  ('.itbnniitc  find  fiom  mo»t  of  iu  impuriliM  by  HulmlML   A*itlr 
iDKrayuh-whiti'.  very  Imc.  umoivhouspoirdcr.oflfofoTinMliDtuconkaldraipKfldMini^ 
ana  UiitctciK.     Almoit  inwl.  in  water;  ioiul.  in  ale     Dote,  1  Cm.,  15  gl-i  Vi>F-i 
l»  4  {Jm,.  IS  to  <o  Bf.i  HP-     U»c<l  extensively  in   loolh-fiowdtn. 

Mhl.  Cttt.,  U.S.P.,  B.l',;  Chalk  Mislurc— The  average  Aott,  ij  (.C,  (  *«ai. 
conuins  about  j  Cm.  of  Corop.  Chalk  Pomlcr  munendod  in  Ciftiuinoa  WUs,  ^iti  ' 
5Pi-r  cent,  of  chalk,  K.P.    ^oir,  ij  c.c,  4  <iriin»,  U.S.P.;  tj  to  joc.c.,  HMi  «a«. 

)'»/p. Crrf.  Co.,  U.S.I',;  Compound  Chalk  Ponder. — A  mixture afjoptr  ccnLiilM. 
Prxp.;  10  per  cent,  of  Acacia;  50  pci  cenl-  of  Sugar.     Dou.  t  Gm..  jo  ft.,  Ki-V- 

/h/v.  Crtt.  Atom,,  It, P.  -i;  P'"''  fent.  of  Chalk;  jo  per  wsii.  «i  S>n>r;«tthAiMi»if 
DiM«,  0.6  lo  4  Cm.,  10  to  bo  Kr.,  B.P. 

'Caicii  CUeridiim  (Calc.  (n>lor.).  U.S.P.,  B.P.;  Caldum  Chlorid  (Mt  tobenalMd 
with  Chlorinated  Lime,  mi.ocalled  ''Clilorid  of  Lime"),  CaCIt— WWie,  tnulKtU. 
bard  f  cacmcnlt,  or  grsnulur;  odorless,  of  sharp  iAliiie  taste.  Vety  ikUquOMOI.  ikl 
should  therefore  not  be  diipcniied  in  powdcn,  but  at  Mlutiaa.  Fredy  (dL  in  «M 
(1  :  I. a)  also  Inalc.  (1  :  to).  /HCDm^rfflMf  with  caTbora(e«,pbo«f)halMUd«i^>>^ 
Don,  O.J  Gm..  8  ^r..  U.S.P.;  0.1  to  i  Gm.,  5  to  tj  jr..  B.P  .  dihiied. 

CBlaum  chlond  occur*  witn  varying  (|uiatitiei  of  watrr.    Tbc  taataili 
Ib  leo  per  cent.  In  the  anhydrous,  about  ;s  per  eeni.  In  tbe  f  u^cd.  and  50  per  < 
cryttaU.    The  U.S.P.  Miecifieia  miniroumol  75  percent.    The  B.P.  ii  nrWi 

•Cd/di  tM^ai  (Calc.  Loci.),  U.S.P.,  B.P..  CaCCJUO,),  +  stlfl.-WTiitr. , 
maaKs  of  powder,  withmit  odor  or  taste.    Sol.  In  water  (1 :  10),  but  vtrj  1 
in  ale.    D«ix,  0.5  Gro..  S  er.,  U.S.P.;  0-6  to  1  Gm..  10  to  30 n.,  B.P. 

Syr.  Calc.  Larlofhei..  XI  S.P..  B.P.— 1.5  per  ceoi.  of  cttaan  carbonate  (fiwwj 
in  »yrup  with' lactic  ana  pho«plioric  acids,  U.S.P.;  7.5  per  cent,  ol  Calc.  Iml  ■> 
photpboric  acid,  B.P.;  orange-flower  6a^-or.  Dose,  to  ex.,  3)^  dranu,  V.S>F.', '  ** 
4  cc,  H  to  ■  <lri"n.  B.P. 

CaUii  Pkoiphas,  B.P..  Ca>(PO.)i.— Wlilie  powder,  Inaol.  (n  water,  hJ>  la  Kw 
DoM.  o.i  to  I  Cm..  5  to  IS  Kf.,  B.P. 

{^U^.  CaU.,  Syr.  Cek.,  Coijt.— See  Tndei). 


STRONTIUM 

This  csthion  meinblcs  calcium,  and  may  take  its  place  iasoMtV' 
characteristic  pharmacologic  reactions;  but  it  is  much  weaker  BtKlt)H^|< 
loxic.  Strontium  possesscM  no  iherupeuiic  itxlicalion.  It  may  be  okH 
to  moderate  the  action  of  anions,  since  its  salts  must  bc(l«:ompo*e<lbrf« 
the  anions  can  bo  absorbctJ,  but  with  strontium  salicylate  at  leMl.™* 
moderation  is  insignificant  (Ulankcnhorn,  IQ16). 

Like  Ca,  it  hulens  the  cooiculation  of  blood  altbouah  it  Is  mncb  wcaktr  (H«^ 
1914).  This  action  i>  iwt  ifaared  by  Ba  or  Ms.  In  dfltilc  loluikmi  aoljr  va)"^ 
amouBts  arc  nbsorhed  from  the  hiamach;  none  Irom  tlie  biteitinc,  nince  it  bcM"*™ 
iato  (^osphatn.  in  which  form  it  is  aUo  Keoerally  deported  In  the  boan.  71* *" 
cenlaiiUi  only  trjices  of  ttrontium,  even  if  it  it  nven  Mbcutaneouily;  the  euJ|f«*ej 
currtng  m^aly  by  tlie intestine  (Wood.  t&jS).  II  locreaMa  the  elinuiuilBA ''^"^'^ 
It*  administration  to  younit  antmsla  or  in  intrauterine  life  disturb*  the  boat  b(**''T 
The  oitteoiienetic  tUiue  i."  stimulated,  but  the  booc»  aic  Imperfectly  c^M,  ^^  'T 
Ca  is  defideat  and  the  Sr  it  deposited  ver>-  imperfectly  (Lchacrdt.  igof  aail  **■}'' 


PKIIPARATIOKS 


Strntlifm  Bremid,  l«dU.  aiU  i'Wfcyio"  are  offidal.    TlieLr  dMe  b  that  id  ** 
oorraponding  caldum  salts. 

Stmaii  />ic(di.— Soluble  in  4  parU  wates.    Dot*,  t  to  8  Gn.  ()ft  la  ■  tbnw- 


OXALIC  ACID  AND  OXALATES 

Oxalic  acid  and  Uie  oxalates  pufTSt;ss  a  strung  acid  action,  resulting  in 
local  irritation  and  corrosion.  In  addition,  they  produce  violent  stimula- 
tion, and  later  paralysis,  by  depriving  ihe  tissues  nf  Ihetr  calcium  through 
precipitation.  These  actions  arc  completely  aniagonized  by  the  addition 
of  Ca.  The  oxalates  have  some  toxicologic  imporlance  but  no  therapeutic 
interest.  The  amall  quanlities  which  occur  in  many  vegetables  (rhubarb, 
etc.)  are  ineffective. 

Lower  Organisms.— Oxftlates  are  toric  to  aJI  life  except  lo  a  few  lower  fungi  which 
do  not  contain  i;ikium.  They  arc  loxic  to  most  plnnt«,  but  cert.ain  ipcrics  conUiii 
•oluble  oxalati-E.  Id  atgip  Ihe  nuin  hislulogic  chanj;es  urv  wva  In  the  porlion.i  richest  in 
Cklcium^ — ^nuclcus  and  chlorophyll  (O.  T.0CH1,  1913).  Oinlir  acid  i»  probably  n  contlniil 
produce  of  metabolism,  am!  fmsiibly  one  of  the  (tinelious  of  caldiiia  is  to  render  it 

Actions  on  Peripheral  Aulonotnic  Nervous  SystenL-'The  oiaIat«  act  like  depriva- 
tion of  Cai  i.i:.,  ihcy  inciensc  the  sensitiveness  tn  epjncphrin  and  pllorarpin;  but  Illey 
diminish  the  exdlabitily  to  electric  vagus  stimulation  (Chiuri  and  froehlich.  1011). 

Skeletal  MuBcle.^If  dilute  wlulions  of  oxi-it.-iic^  arc  applied  directly  to  <ketctaT 
intucle,  they  cause  rhythmic  conlractionH,  Le^tenin);  the  proportion  of  L'a  t>y  any 
other  means  has  the  same  effect.  Larger  dose?  of  oxalates  depress  the  excitability  and 
force  oi  ihe  <.fcelelii!  and  cardiac  muscle*. 

Prog's  Heart. — Injeclions  of  oxalatei,  produce  slowinR  and  wcftkeninB;  with  slronicer 
concentratioos  prompt  diastolic  arrest,  first  u(  the  I'enlrk'le,  llicn  0I  the  auriclet.  This 
can  be  removed  completely  by  rinsinR  with  Ca  dilution  (Jonuschke.  1909).  \Va>>hinR 
with  NaCI  alone  gives  much  poorer  recovery  (riros,  191  j).  Similar  cSccl»«rc»ecDwttn 
perfused  mammalian  hearts  (Salant  and  Hecht.  IQ15), 

Intact  Frogs. — These  show  progressive  and  descending  loss  of  reflexa;  fibrillary 
twitchings;  central  paralysis;  llnally  cardiac  arrest.  This  is  also  promptly  re  mo  veil 
by  Ca  and  St. 

Intravenous  Injectioiis  in  Mamnuds.^Thc  oxfttalea  affect  fir>t  the  central  nirvrtui 
lyslftn  in  its  whole exieiit,  fr.ttii  mental  funclinns  t.i  reHeics.nnxluciagat  first  stimula- 
tion, with  convulsions,  and  then  pataiysis,  the  latter  being  tne  more  (.viiapicuoiu  mth 
large  doses. 

TTie  medullary  centers  arc  especially  affected.  In  consenucncc  of  the  o-tpkyzta 
produced  in  this  manner  they  cause  glyc<isuria.  and  possibly  Ihruugh  the  ^me  cauiie 
indicanuria.  The  temperature  rises.  Dralh  occurs  Irom  respiratory  paral>'sis,  except- 
ing when  the  poison  is  Injected  directly  into  ihe  circulation.  In  which  case  It  may  para ly to 
the  cardiac  muscle  (slovved  heart  and  fall  of  blood  pressure,  v.  Vie tinghoflSc heel, 
1901;  Slarkcnstein,  1014).  In  iicised  inttsiincs.  the  calcium  precipitantx  incrcBK  ths 
tone  and  Ihe  pendulum  movements  (Starkcnslcin). 

Oxalates,  injected  with  Mg.  increase  Ihe  anesthetic  effect,  premimably  by  Inactivat- 
ing the  antagonistic  Ca  fGalc^  and  Melizer.  1914)- 

Ozalate  Poisoning. — When  taken  by  mouth,  the  oxalates  are  readily 
absorbed,  and  poisoning  is  not  at  all  infrequent  from  confusion  with  other 
salts. 

The  symptoms  are:  first,  those  of  a  local  caustic,  espcdally  when  the 
acid  was  used;  then  those  of  collapse,  the  latter  possibly  preceded  by  con- 
vulsions.   The  pulse  is  very  small  and  weiik. 

Dealh  by  oxalic  acid  and  oxalates  usually  occurs  very  rapidly,  much  more  ctuickly 
than  by  other  caustic  substances.  This  is  of  diagnostic  im|)ortance.  (In  one  cate 
death  took  place  in  ten  minutes.)  Sometime*  fatal  collapse  may  occur  after  hours  of 
relatively  sfight  symptoms  (O.  H.  Brown  and  Scoll,  1511)).  (A  study  ol  seventeen 
hunwn  case*  of  oxalic  acid  poisoning  is  reported  by  Wichem.  191 ).)  The/ii/i>/  dose 
varies  with  Ihe  concentration.  The  smallest  recorded  amount  \s  5  (im.  Mutabelism 
is  markedly  depressed  in  oxalate  poisoning,  cspeclaUy  the  producliun  ol  carbonic  acid. 
The  respiratory  (luoticnt  falli  (Corlcy,  igoij.  The  urines  in  Wichcm's  cates  were 
scanty,  with  truce*  of  albumin,  and  rarely  calcium  oxalate  crystals.  Polyuria  de- 
veloped later.     Hemorrhagic  nephritis  was  not  observed. 

Fait  and  P.z<rftiitn. — Oxalates  are  very  resistant  to  oxidation  in  the  animal  body. 
Indeed,  there  has  been  tome  question  whether  any  ia  burned)  liut  It  scemn  certain  thatk 
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ttmlted  amount  U  ouiUkmI.  TIic  cxttcikin  (qj  to  9$ J>cf  eml.  aflcf  Itypadmlci 
tion*)  occure  alniMt  cAiuplctcl)'  hy  ihc  kidneys.  Tbc  frctli  uriae  oMtiin*  ■ 
otaluric  add.  CO  NH  CONHi,  but  on  Klandinit,  thb  ieooiapoim  ioU  una  at  onit 

COOH 
aciii:  nnH  thU  forms  caldum  oxalate.  Thli  Li  almoii  InMilable  and  ocamll(tnlip^ 
shaped  cr>'MaU,  which  arc  diaennstic  nt  oxalate  pcntonin^.  'Hif  cry»t«U  nuijr  btacnid 
in  »udi  K'VC  amuuots  at  to  block  the  urinnry  tubulin  iiul  may  thrrtby  |  uakl;  W 
tn  Mtfkrilij,  or  retention  or  urine  anil  uremia.  Calcium  oiatatc,  in  rwl-ih^Nlaywia 
mayMfuundlnall  thcorsons,  but  it  may  beabxtit  from  thcMumryaoitipoHMEH 
(MUrwt,  iS8s). 

Treatment  af  Oxaiale  Poisoning. — ^Thv  chcmic  aniidoU  wouU  bt  cal- 
cium in  any  shape,  calcium  chloric!  and  Utclalc,  challc,  lime-ma,  cb. 
(Huscmann).     Libc-mi  quuntitlt.-!'  of  water  should  be  given  to  pmwl  lb* , 
deposition  of  crystals  in  the  kidneys.     Caldum  lactate  could  also  be  ^m 
by  vein;  nugncsium  itulphale  as  catharlic;  digitall.-^  and  rtrychaJa mJMt  ^ 
collapse. 

PXKPARATIONS — nXALATRS 

AtUum  Oxnikum.  CiOtHi.— Coli>rln«  crystaif.  nttlly  (o1.  Ib  water. 
Atii  Pmuium  Oxalatt.  KUCtO<.~"  Salt  uf  Sontj." 


FLUORID  ION 

Sodium  iluorid  is  a  general  protoplasmic  poison,  ll  has  a  stmt 
lae^  irritant  lUlion,  A  2  perccnl.  Holuiion  being  corrosive  to  tnuooiUMB- 
brancs.  The  systftnif  action  resembles  that  of  the  oxalates  and  b  pmtoU^ 
produced  in  the  .same  manner,  by  the  formation  of  insoluble  aUauBMl^ 

In  the /roj.  ii  pnxlucca  fibrillary  ciKilrHctioo  ot  the  biukIo.  T^mc  dlMMMt  <■ 
section  of  the  nerve.  Lar^r  <Ju»if»  produce  rigor,  Tlie  syitemic  cSects  ut  V^* 
loM  of  refleae».  ttoppase  of  ropiratUin,  cardiac  itand*till.  In  hmmkiiiJi  it  ctwwjp^ 
tion,  EUtrocnicriiit.  dyh|mc«,  miismUr  makncM  and  trcntun,  cpileptk  cwi^^ 
fall  oTarterial  uru^ure.  and  aluppai^  ol  mpiration  and  heart-  Kicor  (ct*  b^W' 
The  abdominal  orgam  arc  congeatcd.  The  intoilinal  cpiilxUuni  n  linUoj/wa  tt<M 
when  the  poimn  it.  iniioduuil  by  other  chaaneii),  while  ilie  cilia  of  tW  mjiril*T 
epithelium  may  still  be  moving  (Siejclried,  iQOi).  Small  dotes  poiwa  tbe  Umo  •W"^ 
unt  increasing  their  perroealHliiy  < Axhet,  1910). 

Continned adminlatniUoa of  Hinall  itcMMfi  loimg.  per  kllograw)  ptodaerfqw"^ 
Uvaatfects:  Iiicrtawd  ruagul ability  of  blood;  tendency  (o  venoui  1  hroinbwit;  JB^*^* 
of  bone  marrmr;  and  low  <i(  CI  and  Ca  from  the  bonei.  K%-en  dUute  lolutkiBi**'''* 
mucoua  membrane  (Sfli»y«r.  iijm). 

Dnpoaltion  Ib  Bon*  and  Normal  Oocurraocfl. — Vilica  fluorids  are  eivtt  k  tf* 
aiDOunis,  greaUy  diluted,  they  arc  abiorbcd  and  dcppiil^  lor  the  tiuM  I*'' 'VT' 
bona  <Tappcincr  and  Brandl).  The  bonn  b«ci>nic  unui^iialty  hard,  whilci  awl**™ 
and  contain  tmallrryilals.  presumably  CaFi.  AsmatlaniMiDt  ol  tbeUitnltiMi^'f 
conialDed  in  the  bonea  and  teeth  (Gabriel,  1891);  but  tbe  preccntace  <o«i  IvW 
ia*0!imaU  that  it  can  not  he  regarded  aaetaential  (Jodfbauer,  lootl.  Still  UuSc^^ 
titiea  are  found  In  the  epiJernii),  hair,  thymua,  tcalci,  bluod,  milk,  ele.  (GuiUii^ 
Clausmann.  loij).  iCdarek,  1910,  found  it  pment  in  the  entire  bumaa  ImIk^j' 
reUlivdv  iicfac»t  in  the  liver,  kidncya  and  bonn.  In  the  latter,  ball  of  iW  t»n<* 
in  their  (at. 

AntlMptlc  ActioB. — The  fluorids  are  quite  markedly  aniiitplk.  tn  ihr  V^'V^* 
of  1 :  too  they  present  complrtety  the  development  of  bacteria,  awl  arc  aoBcumM ■** 
for  Ihi*  putpflM.  Iliey  have  no  inporUnt  iherapeutif  application,  and  «■■  *•"* 
Coloclc  Importance. 

AamuAaa  Bifloorid  ia  DtntitbT.— Thia  wat  introduced  by  J.  Head.  igti.  I*  ^ 
treatment  cd  pyorriiea  alveolar!'',  lie  use*  a  ij  per  cent,  soluiiixi,  inJectM  ■«"'? 
twice  u-eeUy  around  the  Ioom  teeth      It  is  antiseptic  and  dixinic«fat«s  tlw  "larii' 

Hydrofltioric  Add  b  a  very  violent  volatile  catutic  llic  buina  Miipcntt><* 
heal  ver>'  tkiwly. 


Sodii  Flueriiium  (Sodium  fluorid),  NaF.— Solubles  in  »$  purls  of  watcT.  Used 
esternally  >»  antlMrptii:.  Foi  drcistiigs,  0.5  lo  i»:  1,000;  injctlion*,  o.jj  l"  1:1.000; 
ASURHt  (frmcnialion  in  food.  10  to  15  mg.  per  liter.  0.35  Gm.  have  produced  danger- 
Oiu  symploms  in  man. 


BASIUM 


Unlike  the  other  elements  of  its  group,  Ca  ami  Sr.  this  cltnu.'nt  is  very 
toxic.  Its  effects  resemble  those  of  the  digitalis  group;  It  produces  a 
similar  action  on  the  cardiac  muscle;  a  strong  vasoconstriction  by  direct 
stimulation  of  the  arterial  muscle  (occurring  therefore  after  apocodcio, 
Dixon,  1903);  violent  stimulaiion  of  peristalsis,  even  on  intravenous  in- 
jection; and  a  siimuiation  and  later  paralysis  of  the  central  nervous  system. 
It  also  produces  local  irritation,  and  is  inimical  to  the  lower  formaof  life, 
such  as  yeast  cells. 

These  actions  are  not  utilized  therapeutically  {except  in  veterinary 
practice)  on  account  of  the  loxicity.  The  excretion  of  barium  occurs 
largely  by  the  feces,  as  with  Ca  and  Sr. 

Its  local  action  results  in  gastroenteritis  and  some  degree  of  corrosion, 
and  fairly  large  absorption.  It  may,  therefore,  produce  its  systemic 
actions  even  when  given  by  the  mouth.  Poisoning  is  treated  by  sulphate" 
and  evacuation. 

Excretion. — The  main  channel  is  by  the  intestine,  only  liaccs  appraring  in  the  urine 
even  aflt-r  part'nteral  Hiimini  strut  Ion  (U.  M.  Meyer.  luoo).  A  iniBll  amuunc  may  be 
deported  in  ihe  bones.     Barium  lessens  the  ellmiiitttion  of  uric  acid  {Abl,  1913), 

Cardiac  Action. — lia,  tilie  digitalis,  increases  Itic  cxrilability  of  the  cardiac  muKcle, 
and  the  (or<e  of  the  contractions  (Wertbeimer  and  Boulct.  1911).  The  rate  is  sluwcd, 
even  alter  atropin,  so  that  this  eFFcct  is  muscular  (Piltipi).  Inlrat^rdiac  appliriition 
causes  systolic  arrest:  dilute  solutions,  or  cxoiurdiac  upplicatiun.  produce  diastolic  ar- 
rest, just  as  does  digitalis  (Poulsson.  1910;  Werschinin,  1911;  Weyland,  1913).  The 
cSccts  in  complete  heart-block  arc  similar  la  those  of  calcium  (van  Kgrnond,  1913). 

Arterial  Muscle. — The  high  rise  of  blood  pressure  under  barium  is  due  mainly  to 
visotonst tic  lion.  The  effect  is  directly  on  the  arteriu!  muscle,  and  involvo  all  atlerica, 
regardless  of  their  innervation  (Dixon  anil  llaltiburlon,  1010;  Cow,  19T  l).  This  might 
suggest  its  use  in  pulmonary  hemorrhage;  the  lung  vessels  being  strongly  constricted 
(Bachr  and  I'ick,  1913;  Beiczin,  1914)-     However,  the  increase  of  ihc  general  blood 

Fircssiirc  more  than  oUsels  Ihe  local  constriction,  si>  Ihal  the  hlrcding  hecomrs  more  pro- 
UM-  (M  I'lCy,  [909).  The  liver  veins  arc  conslritled  in  the  guinea  pig,  not  in  lh« 
hog  (Bere/in,  1014). 

Bronchial  Muscl«. — This  is  also  constricted  (Trendelenburg,  191^;  Tiloae,  1913; 
Baehi  ami  ['jclt,  1913). 

Gall-bladder. — Toe  isolated  oigan  is  constricted  [Lieb  and  MeWhortec,  1915). 

Fowl's  Musde. — Injection  of  BaCIt  produces  only  an  increase  of  muscular  tonu*  in 
the  norm.il  leg,  but  after  denervation,  it  causes  a  strong  contraction.  The  dcgenerntinB 
muscle  has  Ihcrtfotv  become  more  susceplible  to  Jta.  A  similar  result  can  hv  securcu 
bjr  preliminary  injection  of  nitoiin.  Curate  does  not  influence  Ihisconlrnclion;  indicat- 
ing that  Ba  acts  more  ]K*ri|>he rally  tlian  curare,  nicotin  or  physnsligmin. 

Thenip«ulic  Uses. —  Barium  chlurid  (0.03  Gm.,  tij  gr,,  well  diluted)  has  been  tried 
OS  a  sulwtiiute  for  digiuiiis  ^Pesci,  1904).  It  is  tlicrnpeutically  inferior;/.!*.,  by  produc- 
ing marked  <'jtoniiry  vait>ci  in  strict  ion.  The  maximal  daily  dose  is  o.li  Tim..  9  p.; 
but  this  is  dangerous  >' Reports  Coiinc.  I'harm.  Chem..  1011:54).  It  has  also  been  Iried 
in  various  ner\'ou6dislurbnncts:.ind  externally,  10  percenl.  solution,  asa  wash  in  scrofu- 
lous eye  niTcclions.  In  velcrinarj'  medicine,  it  has  been  u*ed  (or  acule  lympanlle* 
And  constipation,  but  even  there  it  was  found  too  dangerous. 

SjpBptoms  of  Barium  Poisoning. — These  consist  in  vomiting,  colic,  violent  diarrhea; 
eonvnlalve  trem'jri;  slow  hard  pulse  and  high  liloo<i  prew.Hre;  hemorrhages  into  the 
stomach,  iolcsiines  and  lcidne>-s.  Death  occurs  after  a  tew  hours  or  days.  The 
fatal  done  is  piobahly  »,H  lo  0.9  Gm.  Barium  carlionalc  U  also  toxic,  but  much  ilower 
in  its  acliun.  Crawford.  1908,  altribulei  "Loco  poiwning"  lo  the  Ra  conlalned  in 
the  W«tcm  plants.     Thi«  could  not  be  confirmed  (.\lsbcrg,  Blactc  and  Mur»h,  I9i>}. 
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Z-nj  Dtagnoiis.— The  insoluble  fttSO,  It  utcd  In  x-ray  AlaffxA.  ll  It  culdca, 
Ineipeniive,  and  Aon.  nut  delay  Ihv  i{utric  mmemrnt^.  »>,  docs  Biwnitb.  if  hr, 
too  lo  ijo  Cm.  (boilcil  "ith  iwo  nod  onc-hslf  to  five  times  ii»  >«iBht  of  t«n-ttm,u^ 
Qtvorcd  with  ooctn)  may  he  given  nitlioul  any  bad  tuulti;  but  ii  if  cucalkl  Ibi  '* 
(faould  not  be  conlaminaltd  wltb  *oluble  bariiim  compounds  ((•ucDthct  aad  ~ 
1911;  Merck's  Kepuct,  37:43}. 


BROMIDS 

General  Statement— F«lrly  larKc  doses  dqiresa  the  psychk  fnnfliBM 
and  thi-  reflexes;  leading  to  a  condition  of  mental  dulncss  and  aptlh)) 
which  conduces  lo  sleqi,  particularly  in  nervous  insoninia.  The  bfonus 
art-  also  employed  against  other  nervous  hypercxnt abilities,  hjrrttMi 
hypcreme-''i*,  cinchonism,  etc.  Their  anticonvulsant  action  ts  ulUuBlO' 
I>ecially  against  epilepsy.  Theygenerallysuppressormilipitelbewwfd- 
sbos,  at  least  in  the  idiopathic  form;  but  they  seldom,  it  c%'CT.<urc.  Tb' 
effect  occurs  only  slowly,  and  is  correspondingly  lasting.  The  idnuH- 
Iration  must  be  fairly  continuous.  The  action  seems  to  l)c  due  to  At  Br 
ion  as  such.  His  produced  by  all  the  bromids.  and  to  a  less  degree  bj  lit 
organic  bromin  compounds.  NaBr  is  fcenerally  |»referred.  The  miciu- 
ism  is  not  explained.  The  excretion  of  Br  ie  analogous  to  that  of  CL  .^ 
part  is  retained  very  persistently.  The  elimination  is  hasleiwd  H  CI 
administration:  and  conversely,  the  Br  clTccl  is  iitcreased  by  G-pootdid. 

Continued  administration  of  large  doses  often  results  in  broraWloit. 
and  other  symptoms  anal()Ki>u<  to  iodism.  There  may  ab«  beoXl«l'l'^ 
able  psychic  depression,  mahuirition  and  lowered  resistance.  Tho*  wy 
contraindicatc  the  use  in  ncuraslhuiiic  patients,  etc.  ,\cutc  brcoudp**- 
oning  is  rare,  occurring  only  after  enormous  doses.  Ordinary-  diwahv* 
no  effect  on  the  circulation. 
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Abaoqitioii.— The  bromidt  are  rapidly  absorbed  from  mu«iu»  mcnbi 
believed  tlint  lakium  brumid  Is  abtiorbcd  more  alowly;  but  tiatn  and  Km^BKI- 
found  it  excreted  at  about  the  tame  rule  us  NaOr.    In  Ugaied  imUttiMtl  mi*..  . 
absorption  of  bromids  »  not  delayed  by  ihr  pretence  ol  chbcUii  but  bwJj«W»™ 
deby]i  chlorid  abtorpllon.    The  lower  scitnieuts  o(  the  uaall  iateMlne  an  Mid  t*H^ 
bromid  betlct  th:m  the  upper  (Bolgar,  i^io). 

CfaaanoU  of  Excretion.— The  cKietion  occur*  as  bronld,  maialr  br  d(  n* 
SnudI  quintilicsarciilHielinuDtited  bv  the  fCGM,  sweat  CTachau,  191i)uii!mIm^* 
tiona;  Mmclimcs  in  (he  ccrebroipiniu  fluid  <Ha]d,  1911). 

Course  of  Drinwy  Eicretioo.— This  siBriR  promptly  but  procceda  dowlyt/i.  *  * 
to  one  and  une-huJf  d»ys  unlv  one-teDih  tmv  be  excretMl;  and  tnc«  an  lourt  ff 
twenty  dn)  :<.  The  r.ite  Ik  only  half  01  Icm  than  with  kxtidt  (Uetxfeld  sad  Gw*"^ 
15111.  It  ilepcndh  sumcwlxat  on  dlurc^  but  only  iraperfevtly  illaJes  tad  R""|5| 
■  OoR).  Thv  i|uu[ilily  cxi;retcd  u  proporltooal  to  tliat  adniiniatered,  but  al'w P*^ 
coniiderable  retention,  ttlth  coolinued  uw,  the  percentage  excreted  toCMi*  "J 
it  cquoU  the  ingestion,  constituliriK  (xiuUibrium  or  Mluratias  for  that  docc.  Wf*y 
■dnlinistralioa  is  stopped,  tlie  excretion  diminishes;  at  first  npldly.  then  nMK)l'*V- 
■o  that  trace*  may  be  pretcnt  far  a  rannth  or  toofter.  Tbe  excretloa  folkm  Ik  *" 
laws  in  epilepi.)-  m  in  normnl  individuals  (v.  Vi'm,  190").  - 

Influence  of  Chlorlds. — Chlurid  administration  hasleu  the  eliminallanot  M*** 
and  1  {Hcriitld  and  (lOrmidor,  ion;  Wyss,  191  j);  whik  Ct-poor  foods sh>w  tli«  f*^ 
tion  (Honda,  iqoi;  Sarvomat  ana  Cremien,  1511).  Conversely,  the  adnaniiWj^* 
bromids  increases  the  eliminaliav  at  CI  (Wolf  and  Opu,  lou;  Wyss.  iQij}.  lodas"* 
disphcei  Br  and  CI.  Boennigcr,  1007,  clainu  that  bromid  admiiiistraljwi  B^/F^ 
animBU  from  chlorid  itarvation,  and  ttplacc  the  O  of  the  ccruni  coBpletdy.   i*"  " 

duilbtful. 

Bromids  on  Diuretit.— This  b  incrcawd  by  salt  action  <Wolf  and  Ctop.  W';  _^ 

Bromid*  in  Uranium  Edema.— Uraaium  aninuls  become  distinctly  Wm  oMK 

when  bfomiils  arc  udniini'tered.    These  cause  a  greater  diurasb;  the  G  ■xcrttlM"'* 


.,  lOtnofinal:  And  theurmecoilUtllua^t'«(lhe  Br.     The  body  therefore  Ion 
Her  .iml  -Alt  (l^vit,  1911).    Tlu*  expluDi  the  eRecl. 

Bromids  on  Melabolisin. — The  actions  an  nol  imporunl.  (.'hillcnden,  (884, 
dnimcd  flight  incrcasi;  of  N  and  decrtase  of  PUi  Mtrclion.  Juppdli,  iqi  j  and  19(3, 
iVnds  Utltc  effect  en  the  tatal  N  or  P;  but  diminiilion  oi  the  tirii:  and  jind  incrcikMof  the 
purin  bases.  He  considers  (tiat  this  is  due  to  an  inhibitory  ■uliiin  iin  JrrnKnIs,  analo^ui 
to  the  bfomid  effect  on  pepsin  (Chittenden)  and  oxidase  (Senter).  The  claim  thiit 
biomid  increases  Ihe  i-iiminntion  of  phiisphaies  nev<I>  ri^nlirmntion. 

Releation  of  Bromid.— The  retained  Ut  is  distributed  similarly  to  the  OOmuJ  CI, 
which  it  partly  replace;  ta  the  blood,  gastric  juice,  etc.  (Nencici  and  Simonowaki,  1893; 
Ellinger  and  KoUke,  iiji  1).  Apparently,  Ihc  lisBuci  and  kidneys  do  not  diScteotiftle 
sharply  between  the  twn  ion*  (t,.  Frey.  ioio|.  The  replacemrnl  of  mure  than  40  per 
cent-  of  the  CI  of  the  blcwil  by  Br  is  sftid  to  be  Ecncinlly  fnlal  (Hcmoulli,  1013). 

Distribution  in  Different  Organs.— This  has  been  siudieii  especially  by  Wyss,  1906. 
He  found  the  largest  <|uantily  in  the  blood.  Even  after  long  administration,  the  brain 
contained  3  relatively  small  proportion.  In  nn  epileptic  palicnl,  the  percentage  in 
the  brain  was  0.06;  in  the  bliiod,  0.14.  The  quantity  10  the  whole  brain  figures  about 
1  Gm.  Ellinger  iind  Kotake,  1911,  found  the  distribution  proportional  to  the  normal 
richness  in  CI.  The  distribution  after  therapeutic  administrnlion  is  described  by  Camot 
and  Cuirrc.  1914. 

Condition  in  Blood. — The  Br  occurs  almost  cxcSusiveiy  in  the  senim  (Wye).  How- 
ever, Boenniger,  :oo9,slatcsthat  the  corpustles  arc  permeable  to  Br  and  CI  in  both  direc- 
tions; that  a  Br  solution  may  displace  nil  but  ttnCM  of  CI  from  the  corpuscles;  and 
that  the  Br  in  turn  fan  be  replaced  by  CI. 

Absence  from  Normal  Tissues. — Baldi  claimed  the  prcwnce  of  Br  in  normal  thyroid; 
but  this  wii  not  conl'irmcd  by  Roos,  i.Sgg.  Pribratn,  190(1,  ;d3o  found  abwDCC  of  notable 
quantllies  in  the  thyroid  und  oih<r  human  organs. 

Relative  Retention  of  Organic  and  Inorganic  Br. — The  organic  Br  compounds  nrc 
apparently  retained  sumcivhat  moie  eiiiticnlly  than  the  inorganic.  This  has  been  riled 
as  ;>  proof  of  superiority;  but  it  is  doubtful  whether  the  retamcd  Br  is  the  bearer  o[  the 
therapeutic  action  (Magnus-.\lsleljen,  1911).  Sairomin  was  retained  relatively  more 
in  the  ndipof£  tissues,  but  not  in  the  brain  (Ellinger).  Bmmipin  was  eliminated  by  the 
urine,  partly  in  organic  combination,  but  mnlnly  as  inorganic  bromid  (Hermann.  1910). 
He  has  also  studied  the  fate  of  other  organic  Br  compounds.  The  lipoid-soluble  br/>- 
mur-tt  passes  at  first  mainly  into  the  nervous  syslenn;  but  it  is  rapidly  decomposed  into  a 
water -soluble  form,  presumably  bromid;  which  then  follows  the  course  oi  the  ordinary 
bromids  (Takeda.  1911). 

Historical. — Bromids  were  lir^I  tried  as  substitutes  for  iodids.  This  was  unsuccess- 
ful, hut  led  to  the  observation  of  their  sedative  action.  Their  use  in  epilepsy  is  said  to 
date  from  Locork,  1853;  as  h)'pnDtic.  from  Behicnd,  1S64.  The  older  literature  is 
reviewed  by  Krosi,  1S76. 

Sedative  Action  to  Maii.^Doses  of  i  to  :  Gm.  nl  bromids  have  no 
noticcabk-  action  on  normal  individuals.  Above  4  Gm.,  depression  and 
decrease  of  rcllexes  become  apparent.  The  effects  are  rather  different 
from  ihwc  of  the  ordinary  h>'pnotics.  They  consist  in  a  condition  of  las- 
situde, lack  of  attention  and  thought,  which  inclmes  toward  sleep.  Per- 
ception, ob5er\^lion,  and  motor  reactions  may  be  norma].  With  the 
smaller  doses  the  subject  awakens  refreshed;  but  with  larger  doses,  the 
psychic  depression  perasls.  Still  larger  doacs  (lo  to  15  Gm.)  cause, 
besides  some  nausea,  considerable  apathy  and  confusion  of  speech,  but  not 
sleep  (Binz),  These  doses  also  lower  the  reflexes  from  the  skin  and  mu- 
cous membranes;  si.i  Ihat  irritalioQ  of  the  fauces  does  not  produce  retching 
(Krosz.  1876).  This  was  utilized,  before  the  introducUon  of  local  anesthet- 
ics, for  cxaminalions  of  the  throat,  etc 

Use  as  Hypnotic— Bromids  do  not  enforce  sleep,  but  act  rather  by 
permitting  sleep  through  the  elimination  of  excessive  worry,  etc.  They 
are  more  efficieni  in  quieting  pathologic  i-xci  lability :  and  of  no  value  against 
pain.  The  dose  should  he  2  Gm.  or  more,  one  to  two  hours  before  retiring. 
The  bromids  may  be  usefully  combined  or  alternated  with  the  more  power- 
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fu)  aliphatic  hypnotics  nr  morphtn.    The  «fr«ct  is  simj^y  additive  (Klui- j 
mcr.  1913);  or  pci'lut[)^  ^^li^htly  imtcnliated  (Tantuchk«  andlnahfc,  i^y.j 

Use  In  other  ConditioDS  01  Nervous  Hyper-excitabilit;.— Tin  de- 
pressant ctTcct  of  broniid  is  largely  utilized  in  byskrical  conditions; Bls^ 
dow's  disease;  acute  cerebral  excitement  and  meningitis;  in  the  nmws 
vomiting  of  sca«ckncss  and  prcgnanc>';  to  pTc\-cnt  dnchonism;  isoooti- 
nence  oT  urine;  as  anaphrodisiac  in  sexual  hyperesthesia;  and  t^uia 
delirium  Ircmcnsund  convulsions — epileptic, chorcik and othn^  Tbcdoi- 
age  for  the  minor'  nervous  conditions  is  0.5  to  i  Gm.  two  or  Ihret  tns 
daily:  against  cinchonl»m,  5  jMirls  of  bromid  to  i  of  quinin;  agaiulsa- 
siclcncss,  4  to  5  Gm.  daily  for  several  dajs  before  the  vojagc;  in  ptrUM). 
it  i$  said  to  allay  the  paroxy&ms,  but  without  shorlenintt  the  courx.  Co*- 
vulsions  require  at  least  15  Gm.;  if  necessary  by  ri'x'tum.  Large  ^»a 
have  been  jrivcn  in  acute  mania,  but  probably  without  much  hadtl 

Dse  in  Epilepsy.— This  is  ihe  principal  employmeni  of  the  bnatidi 
They  do  not  seem  to  be  cfScient  in  all  cases,  probably  because  tpilr|»' 
has  different  causes.  The  successful  cases  amount  to  something  W  V> 
per  cent.  In  idiopathic  epilepsy.'  Large  doses  must  be  cinpto)td  nd 
continued  for  some  time.  In  most  cases,  the  attacks  become  nulder  si 
less  frequent,  or  may  be  suppressed  enllrelv;  but  they  usually  reiufli  woi 
after  the  remedy  ts  removed.  In  some  fen-  cases  however  a  ponaocot 
effect  seems  to  have  been  obtained.  It  is  possible  that  this  cultnuMt 
due  tn  llu-  bromid,  but  was  sixmtaneous. 

Dosage  in  Epilepsy. — The  effects  arc  secured  only  when  the  orguiss 
H  "saturated"  with  bromid.  The  required  duse  varies  for  different  pttiali 
and  must  be  ascertained  by  trial.  The  efficiency  may  be  itKrctNd  In 
Cl-poor  food  (Toulouse  and  Richet,  1900;  Ulrich,  1911);  or  bv  tkt » 
ministation  of  calcium  (Januschkc,  1913).  These  modificationi  vaij 
succeed  when  the  simple  bromid  treatment  fails.  Tlie  daUv  doK  ■ 
bromid  should  be  divided  into  three  or  four  fractions,  and  fre^y  dBul'l 
{never  as  tablets). 

PauluoD  TccomniFnd.i  th«  foUowins  routine,  to  be  nodl&cd  w  MtM:  b  '^ 
iini  week,  3  Um.  daily;  second  week,  4  Gm.;  incrcanDs  by  1  Gm,  €*ch  tntk,  uu3  <^ 
Gm.  Are  icoched  in  tbe  eighth  ireck.  If  well  lol«ntcd,  and  it  the  altaclu  pmiLAt 
weekly  incrcAM  nuy  be  oonlinued  until  tj  Gia.  are  readied  ia  the  dilrt«*ntt  nA- 
ThedoMScit  tben  reduced  to  theaune  way  until  the  aluckicccur;  wIwb  the  littla't' 
Is  again  started  In  the  tune  asy.  A  few  trinlt  aaccrtala  the  dusei  rtqubtd  U  n^iti 
Ihe  attack  to  a  mlolmum.  This  dowge  U  then  eonitnued  a*  long  a«  needed:  **t  (^ 
Dewed  >t  intefvitlE  even  n/ter  complete  diupgieaianoe  of  Ihe  aliadcs.  to  mux^*","^ 
currenee.  Broniid  arne  need  not  interfere  with  the  trtatmcat;  but  MvtndepK** 
oecewitate*  reduction,  or  even  dbooBttBua lion. 

Other  Dnipi  Deed  in  ^ilepn. — Bc*idc*  the  bronud»,  tbe  iollowiiw  dnqi  ■"> 
been  used  empirically:  Opium,  Valerian,  Beiladoiuia,  Zinc  Oild,  duon^  AM* 
VernnltE,  Salanum  Carolinenie,  Salicybte*  and  Anlipxretic*.  It  U  mr  JWt 
to  lorm  an  atimate  of  their  value,  Btnce  epileMy  is  temporarily  brncAlcd  by  m*! 
any  placets.  Theie  drugs  can  he  recommended  only  when  bromids  havt  1»*_Ji 
arefor  any  reoMin  badly  borne.  No  trtalment  will  be  succe»tul  cKepiit  be^olMv*"* 
a  careful  regulation  ul  diet  and  general  hyeicM.  exeesMS  of  jill  kimtt  briag  ttridl7l<* 
KTibcd. 

The  inhalation  of  Amyl  Xitrilc  is  lumetimeii  uieful  during  the  attack. 

Central  Actioos  of  Bromids  on  Animate.— These  arc  analogous  lAJ 
and  can  be  better  utilized  for  studying  the  mechanism  of  Br  aciioa. 

<Bka(  bIvh til*  foUowiiw tompflttiiBc;    Toiol abolition  a>  lo<WM  divg  I* oaiai— 1.  Uf.^ 
Dioiinitbolnuiiiliet  ud  vEilenccalMUIil«.S|  ptr  OMK.    No  luiunea,  iH  pn 
anadn,  inc»u*<)  i^  pa  «nl. 
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AJbtrtoni,  i88j,  found  thai  bromids  lower  the  cxriubiltty  of  the  motor  cnriri  of 
dogi,  &o  [hat  a  itimulatjon  of  the  motor  atca^  which,  under  the  conditions  of  the  experi- 
ment^ givCT  rise  to  gtaeral  epileptiform  convulsion*,  will,  ailer  the  odtniniMrntinn  .if  a 
broimd,  be  confined  to  the  area  dUcclly  stimulated,  If  a  btomid  is  udministered  to 
Animals  under  »Iryrhnin,  thecfTctlof  stimulation  'loei  not  liavemuch  tendency  I  u  spread, 
while  the  primary  rciBci,  sny  ihe  patellar,  will  still  be  c^iaggcrnleil. 

Guinea  /*!>(. — Lnrge doftcs of  NaBr  (o.i  to  i  Cm.  j.icr  liiKof  joo  to  ijoGni.)  produce 
m  deep  sleep,  fasling  two  ar  thrte  days.  This  15  prctcded  by  u  long  latent  period,  even 
if  the  administration  h  hypodermic  or  by  vein.  The  hypnotic  effect  is  antagonized  by 
picrotoiin  or  itrychnin  (januschke  and  Inaba,  igij). 

Frills. — These  do  not  eihibit  acule  actions. 

Rabbits. — These  show  both  aculc  ond  chronic  effect*  closely  rCMmbllnK  those  ob- 
sert-ed  in  man.  The  ^yrapiums,  rapidity  and  dosage  are  nearly  the  tame,  whether  the 
administ ration  is  by  mouth,  h>-podermic  or  vein  (Bernoulli.  191)): 

JVfTvmij  Symplomi. — 3.3  to  t.i  Gm.  per  kilogram,  van,  generally  produce  lillle 
immediate  effect.  After  several  hours  to  three  days,  the  rabbit  becomes  apathetic 
and  sluggish.  The  sensibility  and  refleies  are  somewhat  dcprcMcd  and  delayed. 
Muscular  eoJirdination  is  often  disturbed  and  ataxic.  .Wending  muscular  debihiy  and 
porescs  arc  frequent. 

Chronic  Poisoning. — .\lso  shows  the*e  paroci,  but  no  narcosis  or  other  cere- 
bral depressions  (Januschke,  igij).  Roth  forms  prcvejit  camphor  and  plcrotoxln 
convulsions. 

Locdl  Symptoms. — The  rabbits  often  show  slowly  developina;  Irritant  jihenomena  in 
the  skin  and  mucous  membranes,  analogous  to  bromlum:  general  dermatitis,  losa  of  hair, 
conjunctival  congestion,  coryaa,  etc. 

Outcomi. — If  the  nervous  symptoms  are  fully  developed,  spontaneous  improvement 
is  cxcKiiional.     The  rabbits  die  in  coma  after  several  days. 

Efflciencj'  against  Experimental  Cod vulsions.— Intravenous  Injection  of  sodium 
bromid  supprcsst-i  the  epileptic  convuliions  ol  camphor  and  the  medullary  convulsiuna 
of  cocain,  f)ut  not  the  sninol  convulsions  of  str>-chiiin  or  pitrotoiin  (Januschke  and 
Inaba.  1013).  The  "Erlenmeyer  tniiture"  of  NaBr,  Kttr  and  XIIiBr,  appears  to 
differ  in  that  It  does  not  suppress  cocain  convulsions  with  acute,  but  only  with  continued 
administration.  This  is  perhaps  explained  by  the  obsermliDn  that  the  injection  of 
ammonium  bromld  Id  convulsive.  CaBii  is  no  mure  eflicieal  than  NaUr  (Januschke 
and  Massluw,  1914). 

Mechanism  of  Bromid  Action. — Wyss  proposed  the  theory  that  bromids 
act  merely  by  displ.icing  CI  (rom  the  body.  This  explanation  is  inade- 
quate. The  older  theories,  that  their  action  is  due  to  ihc  libcraiior  of 
free  Br;  or  to  the  formation  of  organic  Br  compounds,  arc  also  not  estab- 
lished.    It  appears  thai  the  action  is  due  directly  to  the  Br  ions. 

Chlorid-deprivatlan  Theory. — This  was  sugge^^ted  by  the  increased  elimination  of  CI 
following  Br  administration.  It  was  found  tliat  the  elhciency  of  brouuds  wa»  increased 
by  Cl-poor  food;  and  conversely,  that  the  administration  ttl  large  doses  of  NaCl  (jo 
Cm.)  brought  back  the  eplleutic  attacks  in  patients  who  had  been  under  the  control 
of  bromids  (Wj'ss,  1013).  These  observations,  however,  do  not  prove  the  contention; 
for  deprivation  of  Cl  Incrcnscs  the  retention  of  Br;  and  administraticm  of  CI  intrcase* 
(he  elimination  of  Br.  The  results  would  therefore  e(ii;ally  supfiurt  the  theory  of  a 
direct  Br  action.  On  the  other  hand,  a  number  of  tacts  speak  \ery  strongly  against  the 
CI -deprivation  theory;  Simple  dechloration  may  produce  aln-iia,  but  lacks  the  anti- 
spasmodic action  of  bromids.  The  bromid  action  occur*  even  when  CI  loss  is  fully 
compensated  by  the  food.  Recovery  from  Br  may  occur  even  when  CI  is  withheld. 
Injection  of  Cl  causes  some  recovcr>'  from  bromici  poisoning;  but  citrates,  sulphate* 
and  nitrates  have  a  similar,  thou);h  weaker  saving  action  (Bernoulli,  191  j).  Januschke 
and  Inaba,  1Q15.  found  that  the  bromid  depression  in  animals  could  nut  be  cHiciently 
antagonized  by  the  ndminislralion  ut  NaCI,  nor  icinforced  by  Cl-poor  foo<l. 

The  Effects  ue  Due  to  Ihe  Bromid  Ion.— The  cliaraclerisllc  action  is  produced  in 
animals  by  all  bromids;  but  not  by  organic  Br  compounds,  nor  by  bromates  (Januschke, 
iQij).  Bernoulli,  iQij.  finds  that  the  excised  brain  and  other  tissues  swell  more  in 
bromids  titan  in  r<tu {molecular  solutions  of  chlorid.  He  <uggests  that  this  may  be  the 
basis  of  bromid  action;  but  this  would  require  stronger  evidence. 

Actions  00  Circulation.— Bromid  ha-t  no  direct  effect,  except  slighl  de- 
pression with  single  doses  above  10  Gm.     Sedative  doses  may  indirectly 
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kIow  the  hart  and  Inw-er  llie  blood  pressure  somewhat,  eqiecUhrilt 
neuroses.    Large  do^rs  of  Kltr  may  show  ihe  depresBBiit  potunni 

In  tbent,  ihc  inlravenout  injtelioH  o\  the  NaBr,  3  ex.  of  i.5))MC«*l.pcfkib0M^ 
hftd  no  cITi'cl  (Lehndorff.  1914). 

Pcrfuxod  HMTts.— 1'hr  subAliciitlon  of  bromids  (or  chlorids  in  Ringrr't  Auid  ^mAkk 
praciioll)'  no  «Scct  in  cald-blaixletl  hearts,  except  a  dight  MicckTAtJoa  in  ftaituf  tt 
nBim-blcindcd  hearts,  tbctc  v&s  a  iJigbt  dccrcsM  ui  ntc  and  •mpUludc  (CfcaEnd 
KruM.  tuij)- 

BxcltMUtsniS.. — Kcplncement  of  CI  by  Br  or  1  produce*  *  flight  iatiMit  d  MM 
frithout  mSccttns  the rh/thmjc  cnntractinnf..  Fluorid  bcnMct  the  tanut  and  itjiM 
conlnction».  willtoul  Injurinn  the  muscle  (Procfanim,  l>>%\). 

SMretions.-'tlrumiil  somewhat  incrcaiei  th«  ««cretlon  of  inacuk  bjr  *all  ictioL  U 
diminiiihct  the  milk.    Variable  tuult»  have  been  reported  u  to  lacMtratcisa. 
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Gastric  Irritation.— Larfte  doses  of  bromid,  «ii)e*:taHy  In  connai. 
soluiion^.  puxiijcc  nuiisea.  v'otniting  and  gastralgia,  by  local  sail  utko. 

Acute  Bromid  Poisoning.- -This  is  rsre,  but  may  occut  from  bip 
doses.  CNpecia.Uy  if  ihe  excrclion  is  imperfect  in  nephritis.  There  ii  ^ 
collapse,  impaired  speech,  stupor,  and  paralytic  phenotneu.  To 
trealment  woul<l  K-  by  NaCl  infusion. 

Bromid  Rashes. — These  occur  frequently,  especially  in  the  (*«,  ilrt 
the  administraiion  of  Br  is  prolonged.  They  resemble  ihoM  of  iodbit 
The  mucous  mcmbmnes  may  also  be  irritated.  Similar  effects  occttb 
animals  (Bernoulli,  1Q13).  The  rashes  are  best  prevented  or  tiwtri^ 
cleanliness.  They  usually  disappear  promptly  after  disicontiiiuiii<^ 
The  irritation  has  been  attributed  to  liberation  of  bromin  by  the  w^ 
secretions  of  the  sebaceous  glands,  etc.;  Inn  the  evidence  is  not  coRviDOOE' 

Chronic  Bromid  Depression  and  Cachexia.— -Long-conltnued  tiseof  ^ 
drug  gcncrallj'  leads  to  p»>-chic  deteriotation,  weak  memory,  iJ»iBy. 
dislurl>ed  speech,  ataxia,  tremors,  somnolence,  sexual  imi>otencc;  uul  l" 
nutritional  disturbances,  anorejcia.  malnutrition,  anemia,  emidsAa. 
diarrhea  and  lowered  resstancc.  The  symptoms  disappear  rapidly  wn" 
the  drug  is  stopped  or  the  dose  reduced,  and  especially  if  chlorid  isp"" 
(Schabelitz,  1916);  but  the  resistance  remains  low  for  some  time. 

S:hBbelitx  claims  that  the  ttopptKC  of  the  l>ToinidiBbisowncmKCUKdibaiMM 
t)nn{il4in^     Thi*  dnriL  not  kcdi  to  be  firnerally  the  caac. 

Contraindications  to  Bromids. — Because  of  these  dcprcswnt  €&*» 
large  doses  ol  bromids  should  be  avoided  in  mental  or  pbyskal  dtbHll). 
old  age,  melancholia,  neurasthenia,  etc. 

Choice  of  Preparations. — The  inorj^anic  bromids  are  most  effidf'- 
NaBr  b  Rcnerally  preferred  l)ccause  it  is  less  irritant,  and  has  a  lea** 
grceablc  taste  than  KBr,  or  especially  NHjBr  and  UBr.  NHiBr  lib«»'o 
bromin  on  exposure  to  air,  which  is  a  serious  objection.  A  niJ^'^ 
{KBr:NaBr:\H«,Br::i:i:i)  has  been  advocated  ("Erknmeytr  MiOPf  ~- 
but  it  is  difficult  to  see  any  advantage. 

CaBr  adds  the  depressant  action  of  Cft  and  is  said  to  be  more  e**** 
but  the  continued  administration  of  the  large  quanliliei  ol  Ca  B*^ 
detrimental.  Tlic  same  holds  probably  also  for  strontium  bromid.  »» 
is  too  irriunt. 
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Organic  Bt  Compoutids  are  5aid  to  be  less  likely  lo  produce  toxic  Br 
effects;  Imt  this  could  Ix;  explained  entirely  by  tlieir  lower  Br  coalenl.  No 
real  advantage  has  been  established  for  tbcm,  and  they  are  probably  much 
less  efficient. 

No  effect  can  bf  «pcelfd  from  (he  brumin  in  saltn  which  nin  used  in  imnll  dose* — 
t.  (,.  biomitl  of  quinin.  of  arsenic,  elc.  In  these  it  can  be  luclul  ool)'  by  inQuencing 
the  solubiUly  or  dissociability  of  the  compound. 

TREPAKATIONS — BROMTDS 

Aciium  Uyirehromirum  Dilnlum  (At.  TlyditihT.  Dil.),  U.S.P.,  B.P. — to  per  Mitt. 
of  IIBr.  CulorlFss,  viJtitle^  liquid;  striingl>'  nti'l  Insle.  Uoir,  I  c.c.,  is  niinunl, 
U.S.P.;  I  lo  4  c-c,  ij  to  60  minimi,  B.P.;  diluted. 

Annum.  Brom.,  U.S. P.,  B.P,;  NH.Rr,— Krecly  nA.  in  wnter  (1  :  i.j);  sol.  in  alb 
(i  :  ti).    Other  cha meters.     £)i>5r.  etc..  i«  Sod.  Brom. 

Caic.  Bnm.,  U.S.P.;  CnBr,. — Granular;  very  deliquescent.  Very  sol.  in  water 
(i :  0,7);  freely  50I.  in  ale,  (i:i,j).     Dase,  i  Gra.,  15  gr.,  U.S.P. 

Lilh.  flfin«„U.S.P.;LiBr. — Granular;  very  deliquescent.  Very  siil.  In  vtaler  (i:a6); 
Ircely  sol.  in  n!c.     Dosr,  i  Gm.,  n  gr.,  IJ.S.r. 

'Pot.  Brom.,  U,S,P.;  B.P.;  KBr.— Freely  *i.l.  in  waCer  (i:i.s);  slightly  sol,  in  ale 
{1;  »Sol;  free!}'  sol.  in  glyc.  (1:4.6).     Other  characters.     Dmr,  etc.,  as  Sod.  Brom. 

*  Sodii  Bfomidum  (?>oA,  Brom,);  U.S.P.,  BP.:  N'»Br.— Colorless,  cubical  trystaUor 
white  punulBr  powder;  odorless;  saline  taste-  Freely  wil.  in  water  (1:1.1);  sol-  in  ale 
(1:16).  All  bromids  are  ineomfalible  with  strj-chnin.  ZJojc,  1  Cm.,  15  gr.,  U.S.P.; 
o.j  to  I  Cm,,  5  lo  JO  gr..  B.P.;  in  dilute  solulion. 

Sironl.  Brom.  U,S,P.,  B.P.;  SrBr.  +  OHiO.— Very  sol.  in  water  (i!0.3S)!  «>l-  'a 
»lc.    Dott,  OS  for  Sod.  Brom. 

ORGANIC  BROMIN  COMPOUNDS 

The  followin_g  arc  described  in  N.N.R.:  Ad&lln.  =  Brom -diethyl-acetyl  curbamid. 
Brometooe.  ^  Tribrom- tertiary  butyl  aicoho).  Bromlpin.  -  Brominized  Sesame  OiL 
Bromural.  =  Monobrom-tsovaleryl  urea.  BrovaloL  =  Bomyl-brnm\' ale  rate.  Sahro- 
min.  =  Caldum  dibram-bcbcnate. 

I  Owunl  Statement.— Our  knowle<ige  of  the  action  of  iodids  is  derived 

mainly  from  clinical,  rather  than  from  experimental  daw.  They  increase 
the  secretion  of  mucus  and  urine;  rather  more  powerfully,  than  other  salts, 
but  probably  by  the  same  mechanism.  They  are  therefore  used  as  ex- 
pectorants and  diuretics,  and  to  promote  the  elimination  in  chronic 
mercury  and  lead  poisoning.  Their  continuous  use,  especially  in  suscep- 
tible individuals,  produces  inflammatory  phenomena  in  the  skin  and  mu- 
cous membranes  (lodism).    Other  iodin  compounds  act  similarly. 

Their  principal  use  is  in  the  various  manifestations  of  tertiary  syphilis- 
They  do  not  act  on  the  spirochetes,  but  lead  to  the  absorption  of  gumma- 
tous exudations  and  perliaps  connective  tissue.  This  action  is  not 
explained,  InU  is  perhaps  analogous  l»  the  iodism.  The  iodids  are  similarly 
useful  in  aortic  aneurism,  and  in  arteriosclerosis  and  angina  pectoris. 
They  hax-e  no  direct  ctlect  on  the  circulation.  Their  employment  in  chronic 
rhcumatisin,  fibroses,  asthma,  neuralgias,  etc.,  rests  perhaps  on  a  similar 
basis. 

The  administration  of  iodids  and  other  iodin  compounds  increases  the 
formation  of  iodolhyrin,  and  therefore  afTecis  metabolism.  Their  cautious 
uw  is  often  beneficial  in  goiters,  while  excessive  doses  are  dangerous. 
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Absorption,  Fftte  snd  ExcretioiL,— These  are  »mtlar  to  the  CI,  fir.  SCX 

and  NOi  ions.  They  may  mutually  displace  each  olhi-r  in  ihcir  excrvtioo. 
The  etimiiiiilion  of  itidid  i:i  ninre  rapid  than  that  of  the  related  ion».  A 
limited  amount  of  icxlin  is  stored  as  a  spcdal  organic  compotuid  in  tht 
thyroid  gland. 

Absorpllon.— The  inoritaiilc  iodtds  nrr  rapidly  abBnrbrd  Ucim  mi>CM»  aMmlana; 
M>  thaU  ""ith  oral  admmislrsiion.  ibi:  ubsurption  uci'un  ptiniipoUy  from  Ibt  staatA 
(Borulinii,  1910).     The  rectum  ts  uid  Co  ibtotb  even  belter  (A.  Ftiedmana,  1910). 

Sapidity  of  AbBorptJoa. — Adminl^lerlnK  KI  lu  doe«  with  duodensl  fiMdhi,  ioAl 
could  be  dclttltd  in  the  duodmum  within  live  minutes;  the  abtturptioi)  wmt  <iPWi('<'1wl 
in  Bbdiit  iliice  hours  (L,  McUger,  1911). 

Intestinal  Loope. —  llnnzlik,  igd,  fuunil  Ihc  nbtiorption  of  Xal  KJutiimt,  pitciii  li 
ligated  loop^.  nearly  equul  from  all  parts  of  the  small  inlntbm;  soax-what  las  Imn  tb 
Dioninch  and  cn!dii.  The  rapidity  ti!  abwiriilion  wiu  not  malcrully  inSueocEd  b;  lit 
rxlenl  of  surfncp,  <ir  by  the  concent  ration  of  thesdlulion.  Tbc  nh<<irptiuB  U  vcrfiwU 
■t  first;  but  become?  slowed  when  one-halt  to  three-fourths  has  been  abiotbed.  rth 
inhibition  is  due  to  a  local  chance  in  the  epilhr-lium.  which  ii  aUo  producrd  b*  Ibc  Ipal 
application  uf  dilute  NaCI  iK)1<it]0D;buI  out  by  allcrintc  the  baldd  Content  of  tWtlaa& 

Absorption  from  the  Skin. — Tht  ap|>licatton  of  iodid  oinlmci)!  ti 
irrational;  for  although  some  absorption  occurs,  it  is  vcr>'  imperfeci- 

The  Absorption  varies  vith  the  lodin  compound,  the  oinlmeiit  bate,  aad  tke  totat 
of  the  &kin.  It  is  best  for  the  scrotum.  Ilcrzfeld  and  Elin,  1911  (wba  akD  ilufal 
several  compounds),  sUIc  thut  ix'trulalum  secures  the  best  sbMrptlcn;  niflt  Bum*- 
bach,  igo9,  found  it  better  from  lord  than  from  p«tn>1aiuni  ur  lonottB. 

Channels  of  Excretion. — This  occurs  mainly  by  the  urine;  but  pmlr 
also  hy  the  saliva,  gjslrir  Juice, sweat  (Tadiau,  i9ii),«ndotber«CRtini 
and  body  fluids  and  etiusions. 

Salhary  ExcreiioH.—Tiih  begins  usually  in  dx  and  one-half  to  devea  -■""—  II 
i»  liomcwhat  delnyed  when  the  ^Inmnch  is  filled,  and  much  mi>rr  in  cutlic  Aon 
This  hH'  been  prntu.iseil  .i$a  dia^noMic  l»t  (o.)  Cm.  Kl  in  Kctatui  cspnIeOi  bat  ila 
inconstant  and  unreliable.  The  salivary  excretion  pvcs  riK  to  a  peni*ttol  ifiutM' 
able  metallk  IjsU:  best  corrected  by  gargling  with  bicarbanate:. 

OIker  Fluidt:. — The  swmI  cnntatin^  only  traces  (Kdkrmann,  to^;T>chM,  ti<i)> 
The  Bilf  in  man  excretes  about  i  per  cent,  of  the  administernl  iocfid  in  tvcatH* 
hours,  the  mnximum  heint;  in  three  hour*  (FrickoL  tgoS).  Itt  presence  io  tfmiimim 
(«rrAr(i-.(;>iMii//uiJ,iivci»^ftecn  hours  after  adRitttistratIon,bubMiicai^lnBedbTA<M 
and  Ribol,  1Q09.  Ut  pii'snifc  into  the  cercbro-spinal  fluid  is  not  cotutant  (HaU)  tyiiX 
It  also  parses  into  the  milk  (Reijit  .Tod  SchcfTer,  igoS). 

Form  of  lodin  in  i'riHf. — This  r xisli,  mninly,  if  not  Solely,  as  lodid  Ioml    A  ^rf 

fiart  is  piubnbly  cxcrvied  in  orjtsnjc  combination  (Crtqidaiu.  190Q),  bat  tkc  ttUa* 
or  this  i:<  wmewhat  contraveniat  (SchucrholT.  1905;  Harnod^,  iQio). 

Rapidity  of  UriHary  Extrflton. — The  iodid  appcara  in  Im  to  twenty  ■JontEi^aJ 
reaches  lt<t  maximum  in  two  hours.  About  fuur-fiftlu  is  excrete*)  wiliitli  a  if*  kocK 
hut  the  remainder  very  slowly  (Hcubcl.  1863).  The  excretion  ii  twice  airqM as M 
of  Bi  (Ilcimnnn,  191a};  but  conaldcrnhlc  retention  occur*  (from  iilMi  rtlth  to  «a*W 
after  a  sInKic  dose),  with  doses  of  o-j  to  1  Cm.,  the  iodid  nKctSon  pertbts  tor  Mf 
hours;  alter  larger  Aoirf  or  continued  adminittratioo.  tnees  pennrt  over  tweatj  dv» 
The  excretion  can  be  hailened  by  the  odminintralioa  of  dtloriils  Bad  linBar  kat.  W 
not  by  diurrii?. 

Influence  of  Related  lona. — This  was  discussed  under  CUorid*  and  Broenids-  n* 
adminiilration  of  chloridt  and  related  ions  hattcns  the  diminatioa  ol  iodidi  ^SaiM 
andComudor,  191  >);  while  Cl-poor food  iocren^rs  the  retcntlaa  (Sarvonat  aad OMa 
10"). 

leiii  Test  of  ReiuU  F.gidtney. — If  a  ringle  tcit-doie  of  i  Gm.  of  RI  it  lakea  »to  i 
meal,  a  healthy  individiinl  cicretrs  on  the  average  l<o  per  cent,  of  the  iodid  BtbtfM 
twenty-lour  bcjuri,  and  is  to  10  per  cent,  between  twenty-lout  and  lorty-fl|tbi  hM& 
iadepeodently  of  quantity  of  the  urine.  .\l  the  end  ol  this  time,  ibc  uriae  bib  U  » 
*DOM  to  the  ordinary  iodid  tnl.  A  smaller  excretion  or  mote  pcr<>bteBt  Mtclfcai*** 
<loish«d  permrablilty  o(  the  kidneys.    With  iuierstititi  ixpluiti*,  (or  l0(Ua«.  ■>* 
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"excretion  may  br  only  17  per  cent,  and  cxicnil  over  five  or  six  dn>i.  Tubular  ncpbritu; 
acute  or  chronic,  shows  mrarly  normal  txtrelion  (Sivcrt  and  KamiiMky,  IQ14). 

Considerable  delay  occurs  in  experimental  chronic.  pii*>.i\e  rtnal  conBCilioD  CKown- 
bet).  The  iodid  delay  would  therefore  iccm  chnradttriilic  of  vascular  rnthcr  than 
tubular  diaturbance,  contrary  to  the  iiicw  of  Schlayrr  and  Takaynsu.  191  j.  The  ellmi- 
Dation  ol  K.I,  tider  i  Cm.  by  oral  aod  rectal  ad  mini  at  rat  loo,  haii  lieen  studied  in  a  variety 
ofcticiul  conditions  by  Wovschin,  1915. 

[S^rrtnces  inilh  Agr, — Amstad.  191 5.  find&  ihc  excretion  In  ruckling!  the  some  a»  in 
•dull;  (64  [o  71  per  cent.);  but  older  children  appear  I0  excrete  leu  cOeclively;  namely, 
37  to  joper  cent,  between  three  and  live  years:  41  to  48  percent,  between  five  and  tea 
year*.     Ac  olTcrs  no  explnnntion  fur  this  curivius  obscr\'ntion. 

Dlstrlbutioit  of  the  Retained  Iodid  in  Normal  Tissues. — When  an  iodid  ha^  been  ad< 
minbtcred.  it  tirtubics  in  irmic  foim:  ordamcnily  combined  iodin  having  been  conciu- 
sivfly  dcmonil filled  only  iw  the  thyrnid  (Ilium  and  Onieliner,  iyi4;  Adler  and  Cz^ipAki, 
■Qi(l:  iillliounh  some  invesligalors  believe  that  traces  may  occur  in  other  tissues,  espe- 
eiallv  the  liver  (Justus,  igoi  and  1908).  The  distribution  has  been  invc^ligali-d  by 
lleuhrl,  iS(i5;  O.  Locb,  1907  and  191,1;  and  Borultau,  1910.  The  highest  pcfcenlngc  f» 
found  in  ihe  thyroid;  then  comes  the  blood;  then  the  secretory  and  lymph  Klands,  Kid- 
neys and  lungt;  much  less  in  the  muscles,  intestines,  testes  and  bnnci^:  trncci  in  the  hnir; 
none  in  the  iirain,  spinal  cord,  fat  or  bune  marrow  (except  iraces  if  the  lip-iid-soluble 
organic  forms  are  given).  On  withdrawal,  iodin  (organically  combined)  ii  retained  in 
the  liver  and  jomelimes  in  the  Vd.ifid. 

Partition  of  Iodin  in  Cell  Constituents. — McLeaio,  iu>4_<  Invest ijta I e<i  the  proportion 
of  the  retained  iodin  in  the  water-soluble,  protein  and  lipoid  fractions  of  the  livei,  both 
after  administration  to  an  otiimnl.  and  after  direct  addition  to  ihc  cxcuied  liver  tiuuc. 
With  KI,  the  results  were  the  same  in  cither  c*3C:  OS  per  cent,  in  the  water-sol- 
uble fraction,  J2  percent-  in  the  lipoid,  and  none  in  the  protein.  This  held  also  for 
todalbin  admin  IS  tr.ition.  With  iodized  fnt  fsaj'odin)  administ  ration,  the  lipoid  fraction 
ihoweil  a  l.ngcr  (j^  p^r  cent, I.  and  the  wuter-wilu bic  a  smaller  (43  per  cent.)  fraction. 

Distribution  in  Pathologic  Tissues.^These  generally  contain  more  than  normal 
This  is  not  explained  by  simple  diilusion,  since  the  tissues  may  contain  more  than  the 
blood  (O.  Loch,  1913). 

The  tncrea.^ed  quantities  have  been  found  in  tuberculous  tissue  (Loeb  and  Michaud. 
(907);  earcinoni.ttous  tissue  (Velden,  igo.'^*,  Takaniura):  hvphililic  tissue  (Locb,  1911); 
pua  (Loeb.  1907):  other  necrotic  tissue  and  implanted  auar  (\Veltsand  Hcdenburg.  191  j; 
and  organs  rendered  hyperemic  by  Bier's  stasis  (Sidoroon,  1913).  Tubcnulou.'i  tissue 
is  said  to  contain  iodin  even  in  anim.ils  to  whom  no  iodin  compound  has  been  admin- 
istered (P.  A.  Lewis  and  Kiauss,  I<;t4). 

Oi^anic  Iodin  Preparations. — Several  difTcrcnt  types  of  these  have 
been  introduced  to  avoid  the  undesirable  actions  of  KI.  This  can  be 
accomplished  only  very  imperfectly.  Their  slight  and  doubtful  advan- 
tages do  not  compensate  for  the  CJttta  cost  (McLean,  191a).  They  are  all 
decomposed  in  the  body,  and  develop  the  iodid  action  only  when  the 
iodid  ion  is  regenerated  from  them  (ErlenincjTr  and  Stein,  1909).  They 
do  not  therefore  avoid  iodi^m  if  active  doses  are  given.  The  iodin- 
protein  compounds  arc  decomposed  before  ihey  reaeh  the  blood,  and 
behave  practically  like  inorganic  iodids.  JocUzed  fats  and  fatty  acids  arc 
abwirbed  largely  unchanged  and  excreted  more  slowly,  and  therefore 
ftimish  a  more  steady  supply  of  iodid.  Their  temporary  distribution 
in  the  lisfiues  is  also  different.  They  are  held  for  a  time  in  Upoid-solublc 
form  by  the  cells,  and  therefore  enter  more  readily  Into  nervous  and  other 
bpoid  tissue.  However,  this  would  probably  not  favor  their  penetration 
of  s>-phililic  tissue  It  is  not  clear  that  these  features  ate  especially 
advantageous  (Dock,  igog);  nor  arc  these  drugs  entirely  free  from  undesir- 
able side  actions  (Notthaft,  1910;  iodipin,  Seiiert,  Nebenwirk,  1915.  p- 

314)- 

Iodin  •Protein  and  Similar  Compounds.— lodo-albuminaies,  -peplo  nates,  -tannatet 
-f[<Jatin;  iodon,  iodoIo8C,iodcthylg!ydni  are  so  rapidly  decompoieo  inal  tbey  behave  and 
arc  excreted  practically  like  Inorganic  ludids;  imd  have  no  advantage  (Filippi,  1911; 
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}AcLta.a.  TQ>4)*    £v«n  the  leUtivdv  Gim  iodalbuid  h  cimniileldy  i 
it  rcaclin  the  blood  (nurthud  FricttmHiiD.  i^^lt;  McLnn,  191O. 

Iodised  Fan  and  Fatt^  Adds. — lodipin,  njodin,  etc..  are  absorbed,  decaoMMJ  mir 
excreted  more  slowly  (Winti^rnilz,  iSpj;  Boruilau.  i^io}  Bunannl,  igii;  AUoWfci 
aed  Hirv:h,  ign).    ThUupplic»^M>  to  Indo«taiiii(biiiioik>-laririnkacid)aiidHpeit<i 
(etliylcilcr  of  biniodo-braMidi&ic  acid)  (Filippf,  tQi  1;  Hauel,  1014). 

McLean  found  that  they  are  retained  nvunJy  in  the  1i|>oid-)alttble(ractka<fdttdk 
aed  Ihert'ore  enter  the  nervous  fy*t«in  more  hccly  thas  iaofgasic  iodUk  TUt 
final  excretioD  ii  in  ioorKsnic  form  (McLean,  1914,  191s). 

Secretions  and  Urine. — lodida  have  a  valine  diurelk  action.  Viej 
increase  the  secret  ion  of  bronchial  mucusand  render  thi«  less  vi«dd.  Titf 
arc  therefore  used  as  liquefying  expectorants.  ThU  may  also  coiitnt«^ 
10  their  action  in  asthma.  The  xecrelion  of  Killva  is  not  nllectrdi"  ** 
Henderson,  1910).  Their  use  in  chronic  mercury  and  lead 
probably  due  to  the  conversion  of  the  stored  metals  iolo  more 
compounds  but  thi^  is  hypothetical. 

Sexual  Functioiu. — todids  nie  said  to  increase  meoitniation ;  to  decrewe  <^  < 
tion  of  milk:  and  cau>r  atrophy  of  the  mammnry  gland.  Free  kxtiQ  et  loMt  i 
con^oimda  (Dot  Kl)  produce  itcrility  in  both  next*.  The  spennBtofala*ti  the*  I 
lo^c  chongt^.  and  the  (armed  ip«rnutoMHt  are  aim  affected  <L.  Adter,  1914). 

Metabolism. — lodids  produce  no  deRionstratcd,  definite,  direct  tfcti 
on  normal  melnbotism.  Their  continued  use,  however,  leads  lo  nulnoui- 
lion,  as  described  under  iodid  cachexia.  This  may  be  due  partly  I 
influence  on  the  thyroid  gland  (sec  under  Thyroid). 

There  may  be  Dome  incteaxe  of  urea,  total  nitrogen,  uric  acid,  purhi  baiea,  ■ 
ncietion  (Cliittoni,  igii). 

Hypodermic  injection  u(  lunce  iluam  may  produce  no  eflect,  or  CMuUcraUtl 
ordcrrc4?c  of  mcl.iboli^m  (SfinlilK-r,  igoS). 

Normal  Occurrence  and  Relation  to  Thyroid. — The  thyroid  gbadtm- 
tains  3.  fairly  higli  percentage  ut  iudin  as  iodoth>Tin.  It  can  be  iiKTom 
by  the  administration  of  iodin  or  any  of  its  compourwla.  There  art  qW' 
titativc  diflfcrcnccs,  the  I  of  liladderwrack  being  perhaps  100  timt* » 
active  as  that  of  KI;  probably  because  it  is  more  easily  assimitatrtl  liy  lar 
colloid  (Hunt  and  Seidell,  1910). 

Rapidity  of  Flxatioa  in  TfayrMd.— Injecting  intraveiMusty  50  mg.  el  KI  l**"''^ 
Marine  iLod  KoaoB,  1916,  found  the  fixullon  completed  in  five  minula;  ii .  1 1*"* 
had  been  liied  in  the  thyniidt  of  the  tlae*  killed  after  thit  intcr>'al,  an  in  Ihnc  ^^ 
alter  j3  houn.    None  wan  fixed  by  Ihc  li\'rr  nr  spleen. 

The  norinal  occurrence  of  iodin  la  ajilmaJ  and  plant  tltaues  mu  ttiMUed  by  Cwma 
1914. 

Oce  in  Center. — The  careful  administriklion  of  iodids  caiuM  t  nfM> 
sion  of  active  thryoid  hyperplasia  into  the  rclati\'€!y  harinlc»  t«W 
type  of  goiter.  Marine,  igit  .and  1911,  advocates  the  Syrup  of  F«t»» 
Iodid,  in  doses  increasing  gradually  from  0.3  to  1.2  cc,  5  to  10  dfop.  p" 
day. 

Toxic  Effects  in  Goiter. — Gmlerous,  especially  Basedow  J*^^"*^ 
often  reaci  badly  lo  the  large  doses  of  iodid  which  are  commonly  '"^^ 
otljcr  diiurases;  presumabty  by  the  overproduction  of  iodothyrbi  in  tie 
hvperptastic  gland.  The  patients  become  cxoadated,  even  whrti  w 
appetite  remain>  good.  There  arc  nervous  and  psychic  distufbwf*' 
sometimes  lever.  The  s>'mptoni»  arc  described  in  detail  by  Oi«ltd.  W<Sj 
The  effects  do  not  cease  promptly  when  the  admirustratioa  is  KHpHidt^ 
(Krehl,  1910). 
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Use  in  Circulatoiy  Diseases. — Iodide  arc  extensively  employed  in 
arteriosclerosis,  coronary  sderosis,  an^na  pectoris,  aneumm  (Buuilljiud, 
J858),  etc.  In  the  lighter  grades  of  these  conditions  their  continued  ad- 
ministmtion  seems  to  give  gradual  relief  to  the  functional  phenomena, 
especially  the  pain;  but  probably  without  effecting  a  cure.  The  effects 
are  not  due  to  any  change  in  the  blood  pressure,  but  probably  to  structural 
alterations  in  the  vessel  walls,  perhaps  absorption  of  cellular  exudates; 
analogous  to  the  effect  on  syphilis.  In  many  tases,  a  syphilitic  factor  is 
directly  concerned, 

Dir'ct  ActiiM  nn  Circiilnlinn. — -Pf>lnin  a ni!  iilhers  supposed  that  the  indiHii lower  blooj 
prnsurf  by  ilcpresstng  Iht?  heart  ui  blood  vcsmtIs.  Tins  upplim  I0  Ulal  dcHn  of  K(.  but 
u,  then  a  potiusium  effect.  Ordinary  doses  Yiavc  no  effect  on  the  blood  presjure  in 
norrnal  men  or  animals  {Sluekman  and  Cliarteris,  igoi).  The  *liglit  circulatory  change* 
in  intravenous  injection,  descrilieti  by  Leiindorfi,  1Q14,  and  M»cht,  1Q14,  Mem  practi- 
cally insignificant.  Salant  and  Livingston,  1916,  obten-cd  no  effects  on  the  ctrculntinn 
«f  Irops  or  m»mmals,  cvtn  wilh  fairly  high  conccntratiims  of  Nal.  (The  intmvcnoii* 
injection  of  dec  iodin  marlcedly  deprcsseil  the  circulation  in  cati.  not  in  doKi,) 

The  blood  pressure  in  arterial  hyptrtonus  is  Jilio  unallceted  acutely,  arid  probftbly 
even  with  continued  jidminislriilion  (Hcwlttt,  1911).  On  the  olhiT  bund,  some  cliniciiuu 
diim  a  de&nile  lail  [(.  i.  Rutkc witch.  1  Om  daily).  Then;  is  also  a  lall  in  lead  poisoninz 
probably  indirect  (Capm,  igii).  Gurcwitsch,  1Q07,  frequently  observed  increase  ol 
pulse  rate  with  Itidid  axlniinisl ration.     This  tnay  liavc  been  a  thyroid  cBcct. 

Isnl'ilfii  Ht'itt  iitui  ArttrUs. — llachl.  1914,  invciliBated  the  eHecls  of  replacing  part 
ol  the  NaCL  of  l.oclie's  solution  by  NaT  or  KCI.  The  results  tan  not,  of  course,  bo 
transferred  to  intact  animals,  or  ninn,  oince  Ihcy  involve  different  conctn I. rations.  He 
eendudes  lli.it  the  ludid  and  Na  inn  stimulate  llie  heart  and  constrict  the  vesMJs; 
^  cardiac  stimulation  being  strong  for  iodid,  weal;  for  Na.  The  K  ion  depresses  the 
heart  and  relaxes  the  ves^^ls.  Very  weak  solutions  of  metallic  iodin  are  also  stimulant; 
stronger  cunccntlatloDS arc  toxic,  Salant  and  Livingston.  iQib,  found  that  tbe  peffusi'iri 
of  dilute  solutions  of  free  iodin  throuRh  the  isolated  (roa-hearl  produces  cardiac  irrcBu- 
larity  and  depressant  aftcr-eflcels.  Jlore  concentrated  solutions  cause  greater  irrcgu- 
larilv  and  diastolic  arrest. 

i>icfcii!td  Visddity  nj  the  Blood. — lodids  and  sulphocyanids  decrease  the  viscosity  o( 
colloids  (Pauli,  iqoj;  the  other  haloid  ions  have  a  similar  hut  wenlier  ellect;  GaXMli, 
igi3).  O.  Mueller  and  Inada.  1904,  claimed  dirninishcd  viscidity  of  tlie  blood  from 
therapeutic  doses,  and  odvanced  this  as  an  eiplanation  of  the  circulatory  effect.  Tliii 
coutd  not  be  confirmed  by  Dctcrmnnn.  igoS;  Oclermann  and  Broeking,  igii;  Laruta 
and  Vergano,  191J.  and  Tscbcbokiarow,  1913.  Chistoni,  igio,  found  more  positive 
results.  The  changes  arc  e*-iiienlly  inconstant,  a.nd  perhaps  even  accidental;  they  are 
so  small  that  they  would  have  no  sign]  iic once. 

EpinrpkriH  Alhrromiy. — Koranyi,  [906.  claimed  that  this  could  be  prevented  by 
iodidi;  but  this  ha.i  been  disproven  (Biland.  iga6;  L.  L.oeb  and  Fleiiher,  igo;;  Hcdlnic" 
aitd   Locb,  1907;  Klicncbergcr,  1907). 

lodids  in  Syphilis. — The  use  of  iodid.s  in  syphilis  was  introduced  by 
Wallace,  183G.  Large  doses  are  used  in  the  various  tertiarj'  and  late 
secondary  manifestations.  They  give  marked  relief,  largely  by  leading 
to  the  absorption  of  gummatous  formations.  They  are  not  curative,  and 
do  not  affect  the  Wasscrmann  reaction  or  spirochetes.  The  mechanism 
of  thdr  action  is  not  explained,  but  is  perhaps  analogous  to  the  irritant 
phenomena  of  iodism.  It  has  been  suggested  that  they  cause  the  pro- 
duction of  a  proteolytic  ferment.  This  is  plausible,  but  requires  further 
proof.  Longcope,  1914,  suggests  that  the  breaking  down  of  s\'philitic 
tissue  favors  the  access  of  mercury  or  arsenic  to  the  spirochetes. 

Amatogowt  Rmttiont  in  Tobcrciilosit  and  Other  Candiiiotii. — lodjds  produce  a  similar 
rtMMptivc  action  on  the  granulations  of  actinomycosis,  sporotrichosis  and  blastomyco- 
tis.  In  tuberculosis,  llicy  soften  ihe  conneftlve  tissue  and  the  tubercles,  and  cnuie  & 
reaction  similar  to  tuberculin.  Tliey  have  au  analogous  effect  in  Icpruay  and  produce 
febrile  reactions  in  a  variety  of  infccliont. 
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lodldt  »re  atld  to  be  (ontraindkaUi  In  iHbrmilotU.  Sord.  19091  taaat  dlKhir 
hitUii  death  b  ezperimecbil  tubercular  tnlcccjoo  ol  gainea  pigt- 

Lmtin  Am^^h.— .\dinIni»lralion  of  putaMium  iodid  or  otiwr  lodiD  eoafcoA 
leatb  to  a  poMtUx  pustular  or  nodular  lueltn  reactioo,  even  la  aoM-ypWirtfi.  Ib» 
over,  the  intrtidcnna]  Injcclion  of  n^ar  or  starch  alone  pfotlucM  uinlu  nulni  b 
iodated  palienU  (Sbcrrick,  191s);  Kulmfr,  Maliunami,  and  Broadwtll.  171$), 

Oldtf -Throrits  of  Ut<hamtm  of  Anlitiieik  Aciion. — Xuracroiu  Iheoiic*  btv«  bm 
proposed  withuut  aacquati-  evidrni'c  (C'apps  ")  ■  ')■  T^c  alleratloiu  produuil  tv  «Il 
action, and  the eSect  on  the  ihjruid,  nuiy  nluy  a  purt;  but  other  talu anil IhrnMlud 
lack  the  antiluciic  action.  Itin/,  1875  ana  1S94,  mggcitcd  (he  libcntuw  d  Irsc  uAu 
but  thU  U  Impri>bal>le.  Heine,  t^gg,  describes  increascid  Iriieocy(<)tl»  and  Ijnnfhlf^ 
and  nuume*  iitcioiied  permeability  of  the  blood  veueti.  Hir^h.  ioi4.bamAW 
Bol  dnd  (he  phngocylic  removul  of  tubercle  bacilli  hantemd  by  doily  KI  adnrinhwilw 

In  re^'ieH^nv  ihew  various  iheorie*,  one  mutt  be  struck  by  ibc  fact  thai  lb  iwhi 
of  ioiliil  are  altuKeiher  ivo  specific  t«  be  cKplalticd  by  Mcb  (meral  aad  Inlriih 
explanations. 

Fftmi-nl  Tkfoty,-  -The  retorntivc  action  of  lodldt  00  varloitit  patholock  llMim  M* 
the  ^imilurily  of  hi  frbrile  niid  lutlammatoc]'  reacllond  loanaphylaib,MmMltbf«^ 
liUlity  (hat  it  may  cauic  or  favnr  pioteolyiii  under  certain  conditMH. 

All  the  phcDomenn  uoiilil  thus  be  brouRht  under  the  same  hcadint;  1l>  hA 
tubercular  and  other  patholuiric  lisiuei  cncrely  bavinic  an  exasBnatad  UMrpdUIQto 
the  nroteolyiic  and  aitaphylixciic  pheflomcna  of  iodiun.  Thete  viewi,  allfcoM^  (■•(■ 
bic,  have  n*  yet  no  firm  expcriniental  fouodatton. 

Several  oWrveni  have  dcicribed  s  rather  doubtful  aocelerstiotfi  of  daMl^iilfll* 
addition  of  iodid,  in  vilm;  and  a.  more  delinitc  acceleratioa  aftci  the  adminuuate* 
iodid  (StoDltcy,  IU07:  Kcpiniiw,  ii)ii;  Kashiwabara,  191 1;  Mor«e,  1915). 

Dick  tufiKcsird  that  iudidsltatl  (o  the  production  of  a  proteMlytic  IrrtneoL  )<U*( 
and  Peterson,  tgt4and  1015,00  the  other  hand,  believe  that  they  rot  rain  ibeiatlli^ 
tic  activity  of  the  serum  and  tissues,  by  liinding  the  unMlUfated  cartK)aalan>t'<> 
antitryplEc  I!|)nid9.  thus  permitlinjt  the  autolylic  (liKcltioo  of  the  necrolk, tarti^ « 
tubercular  material,  etc.  In  support  of  this,  they  find  that  the  anlitfyptlcj»a«W 
scrum  »T  uteiius  tiiberodnr  nuleriiil  is  actually  dimialshcd  by  bicuballon  ntll  it^ 
01  iodids;  (hat  lull  dosev  of  iodid,  administered  to  man,  xrenOy  lower  tlw  aattfiHi^ 
index  of  the  imtubi,  tehidi,  however,  rocovai  with  the  oalMok  of  ioditm;  ud  tlu>  Bi 
administration  renders  caseous  tuberculoui  mutcrial  dliiesltbte.  elplalalw  '^^^f'f 
ance  of  tu1>rii-le  budlti  in  the  *putum.  They  auumc  that  ^mnuu  wnuflballwiiT 
digeiled,  thut  alui  cJipwing  the  spiiochcles  to  the  germicidal  bcUm  el  wtKt)  ' 
arsenic.  It  nil)  be  Men  that  the  theor>-,  allhouxU  attractive.  stU  invohm  toot » 
proven  awumption*. 

Xtae  in  Other  Conditiona.— ladid*  are  also  employed  to  caiue  the  absoqiltM  rf  l^ 
luetic  hyperplastic  tlasue;  to  rmlucc  chronic  inllaiiimatoty  aweUlnp;  apUail  \7>^^^ 
titeUinKi;in|:Dut  aDdchmniciheumatiamiinncunitKiat;  inaUluna,et&  ThtOMtv 
inn  of  their  aciion  is  prohnlily  analogous  to  tba)  in  hvphilti;  in  m^nycasMlhcRaaTia* 
bean  undiscovered  luetic  factor.    Tlie  action  on  bionchlot  imiadc  bdcnbtidl 

lodiitin. — The  tisc  of  iodids  is  apt  to  produce  irritative  ph 
of  the  skin  and  mucous  membranes,  taking  the  form  of  vnmiu  1 
and  of  coryxa,  hca<laclie,  couiunctiviliH,  larvngitii',  hmnihiii^.  cU 
the  various  mani  festal  ions  of  a  "cold."  ^css  common  ari.-  stap 
parotitis,  anorexia,  elc.  The  skin  afTcctions  ^ncrally  occur  sna 
later.  They  may  conwst  in  acne,  furuncles,  erythema,  purpura,  tittle 
veucation,  trtc,  and  these  may  be  accompanied  by  fever. 

The  sustepiibilily  to  these  irritatiorui  varies  greatly.  They  atj^ 
in  a  few  houm  after  a  relatively  small  do«c  or  only  after  llic  toiig-<Ai- 
tinned  use  of  targe  doses:  or  again,  the  symptoms  produced  fay  small  i"^ 
maj'  disapjiear  when  ihe  dtwigc  is  increased.  They  arc  more  eomw* 
when  ihc  excretion  is  inlcrfcral  m-ith  by  nephritis  (v.  Noorden.  'fl^^ 
They  rlisappcar  in  a  few  daj^  when  the  ilrug  i»  discontinued.  Thf)'  fJ 
be  produced  by  any  iudin  compound,  e.g..  iodoform;  but  ptolMbty  u'i'X 
after  the  dissociation  of  the  iodid  ion.  They  are  genemUy  attitlnUti  to 
the  liberation  of  free  iotUn  by  carbonic  aad,  sebaceous  Kcrctioo,  ^ 
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There  is  no  good  evidence  for  this  view.  It  is  probably  incorrect,  for 
it  is  difficult  to  conceive  how  iodin  could  be  liberated  under  the  conditions 
of  the  body;  and  similar  symptoms  are  produced  by  the  related  sulpho- 
cyanid,  from  which  no  irritant  element  could  be  liberated. 

Bruck,  190Q,  claimed  that  guinea  pigs  could  be  rendered  somewhat  bypersensitive 
to  iodids  by  the  injection  of  serum  from  hypersenutive  patients.  This  was  not  con- 
firmed by  Cole,  igii.    Copaiba  was  al»o  negative. 

The  catarrhal  phenomena  can  be  suppressed  in  one  to  three  days  by  the  administra- 
tion of  calcium  lactate,  4  Gm.  per  day  (Vetden,  1Q13);  but  the  continued  um  of  calcium 
may  have  drawbacks  which  probably  make  it  inadvisable. 

lodid  Cachexia. — The  continued  administration  of  iodid  may  also  lead 
to  anemia,  emaciation,  lowered  tone,  mental  depression,  nervousness, 
insomnia,  nervous  tachycardia,  sexual  impotence,  etc.  The  phenomena 
result  partially  from  the  catarrhs,  the  thyroid  action,  etc. 

Acute  Eflacts  of  IntraTenous  Injectioii. — Large  doses  (o.S  Gm.  Nal  per  kilogram 
produce  death  in  twelve  to  thirty-sii  hours,  with  symptoms  of  central  paralyBis. 
Autopsy  shows  pleural  exudation,  often  with  pulmonary  edema  and  pericardial  elf Uilon 
(Boenm,  1876;  Chiari  and  Januschke,  1910).  Similar  effects  are  produced  with  hypo- 
dermic but  Dot  with  oral  administration  (Sgalitzer,  1908).  The  symptoms  are  complex, 
•ad  the  statements  regarding  central  actions  are  contradictory,  and  probably  untrust- 
worthy (Barbera,  1900;  Jodlbauer,  igoi;  Heinz,  iSgS).  Intravenous  injection  is  alfu 
aaid  to  paralyze  the  vagus  endings  and  to  lower  the  excitability  of  the  depressor.  In 
frogt  the  iodids  produce  rigor  and  oddity  of  the  muscles  (Stockman  and  Chprteris, 
Igor). 

Chtuce,  Admimstration  and  Dosage. — EI  is  generally  preferred, 
although  it  has  probably  no  real  advantage  over  Nal.  It  is  best  admin- 
istered freely  diluted  with  water  or  milk,  an  hour  after  meals.  The  dosage 
for  non-s>-phi]itic  conditions  is  from  0.3  to  2  Gm.,  three  times  daily.  In 
lues,  this  is  often  raised  to  5  Gm.  or  more.  It  may  be  started  with  5 
drops  of  the  saturated  solution,  increasing  each  dose  by  i  drop  (i  gr.) 
each  day,  reducing  the  dose  if  iodism  becomes  severe.  In  syphilis,  one 
may  begin  with  doses  of  1.5  Gm.,  increasing  by  0,3  Gm.,  every  second 
day.  I^ants  tolerate  large  doses  (in  meningitis,  to  25  per  day;  A. 
Jacob  i). 

Incompatibilities. — Iodids  should  not  be  used  with  calomel  or  hydrogen 
peroxid,  even  in  separate  prescriptions.  They  precipiute  heavy  meUls 
and  some  alkaloids  (strychnin).  They  are  incompatible  with  mineral 
acids  and  oxidizing  agents.  Salt^  or  solutions  which  have  become  yellow 
by  liberation  of  iodin  should  not  be  dispensed. 

PKEPARATIOSS— rODID 

Aad  Bjdricd.  Da.,  U.S.P.,  B.P.;  10  per  cent,  of  HL— Cc^rless  or  pale  yellow, 
odoiicas  liquid;  strongly  add  taste.  Should  not  be  used  if  coloicd  more  than  pole  yeUow. 
Dote,  0.5  ex.,  5  minims,  t'.S.P.;  0.3  to  0.6  c.c,  5  to  10  mininks,  B.P.;  diluted. 

Syr.  Acid.  Hjiriod..  C.5.P.,  B-P-—  i  percent,  of  HI.  Dose,  4  ex.,  1  dram,  U.S.P.j 
s  to  4  ex.,  }i  to  I  dram,  B.P. 

Amme».  lai.,  U.S.P^  SHiI. — llinute,  cc^rfess,  cubical  crystals,  or  a  white,  granu- 
Ur  powder;  odoriess;  sharp,  saline  taste.  Very  hygroscopic.  IncompatilriJities,  a*  Pot. 
lod.  Very  sol.  in  water  U  ;o.6);  ft«Iy  soL  in  ale  (1  ;3.7)  or  glyc.  (i  :  1.5*.  Dqu,  0.3 
Gbl,  5  jr.,  U.S-P- 

(*Sjr.  FvT.  lai^  U.S-P.,  B.P. — Each  cubic  centimeter  b  equivalent  to  o.^S'S  Om., 
OlSs  p.,  ol  iodin:  see  Irm  PrepomioBij. 

'PtUiiii  loiidam    <Pol.  IckLi,  VS.P.,  B.P.;   KI. — Colorless  cnbical  crystals,  or 

vkite  granular  povder.  faint  iodid  odor,  sharp  saUne  taste.     iMcmnfciiiU  with  mineral 

adds,  osiiliiiiig  agtnu,  and  many  itIlrill-idT      Very  soL  in  water  (i  -.0.-1;  f^  '"  ale 

(i:zij;frcdy  MLin^yc  (i  :3y.    Deie,o.3  Gm.,  5  p.,  i;.S.P.;  o.j  to  i.i  Gm.,  5  to  M 

IS 
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gt.,  B.P.   A  I  :  I  solution  (i  tninun  =  i  srain) h canvcnicDt  (or dUiiciuin;.    niaohvi 
■O  sH3  of  waler,  and  make  up  (o  t  fid.  3  < 

Lin.  Pol.  lud.  v.  S<ip„  B,P.— 11  per  ccnl.  of  KI  (Iirallona)). 

ri»g.  Pi'l.  lod.,  B.P.— lo  per  ccni.  of  Kl  (Irrational). 

'Sadii  lodiduM,  U.SP.,  B.P.;  Nal.— Propcrcin  and  dcMedimlu  to  Kl.   VwjiA 
ia  water  (i  :  0.55);  freely  sat.  in  iilc.  ft  :i)  and  in  )^yc:.  (^:i). 
■     Strml.  lad.,  U.S.P.,  Sri,  +  6H(0.— Vciy  »oI.  in  w»t«  (i  :o.j);  »«4.iii»k.  *■._ 
0.3  Gm.,  s  K*.  \  r. 


SOIPHOCYANIDS  (RHODAKATES) 

These  produce  actions  reftemblins  <hc  iodids:  but  tlicir  use 
become  popular.     TtiL-y  arc  not  disaoaatcd  into  cjanids,  and  are  refatinlfl 
non-toxic.    Their  nurmal  occurrence  in  the  saliva  is  interesliti^  w 
without  much  practical  «gni(iuLnce. 

lodid  ESects.— NaSCN  inducncn  the  asKrcsatloa  of  coUolds  bi  the  »mt  vij  m  iW 
ioilid  ion,  bcin^  even  booieTrhul  mote  wKcol.  This  analogy  wilted  a  ikttifNilc 
iriot.  In  (he  limited  number  of  ca»c»  in  which  it  hubecn  Intcd,  it  tmtfouod  toikcl 
neuiuscn,  ■ricrioacleroiis,  and  s}philla  in  a  manner  analoftoui  to  the  iudld*,  btafm 
lomewhat  alronger (Pauli,  iQOjand  igto).  It  alio  ha»t«ncd  th«  eluninatiaacf  Mrii 
— perhapi  by  rcndeiins  the  metal-protrin  compouadt  more  trolubU.  It  ilhiiUh  i1( 
loaldi  further  in  pnxlu^inKCurvxa.acne.  andotneciymptamaof  iodiwu  Carper, N<t> 
observed  no  results  in  tubcreuloiix.  Nctking,  igi^  reparts  many  diiogncaMr  rfttk 
cq>cciallv  in  sastric  hyperacidity.  A  conspicuous  dlRcroace  from  iodids  ict  ia  At  ttf 
that  It  does  not  act  on  the  thyroid  iitand.  It  was  UMd  ai  Ike  iWi mm  w^*C)tmi.  I* 
themaximaldoseof  I  Gm.  {rs  Kr.)pcrday.  This  nit  b  <iuitc  wlublc  in  vaiei.  Tk 
potMsium  salt  could  nrobably  lie  used  in  the  same  doae. 

Toilc  Aetiona.— The  earlier  aulhori  (CI.  Bernard,  etc.)  coniidered  the  sulphacjtM 
as  relatively  non-loxic;iind  nt  m(^ntioncd,  they  have  been  used  therapculkallyiain*- 
doM«.  F.  Franz,  iqii,  cunlicmt  that  no  cyanid  Is  spill  yS  in  ibe  animil«p** 
latravenou^y,  very  lar^ce  doaes,  o.oS  Gm.  per  kflognun,  produce  no  looc  ijii|iM 
Even  o.j6  t>m.  per  Kg.  intra t-enously,  produces  practically  no  efioct  ciD  tlv:  oiwl* 
or  mplrnlion  or  hilcand  urine  flow  (Gin,  Lleb.  and  Kahn,  1Q14).  No  (Sects  m^i^ 
in  man  f  rum  the  eonlinuuu$  adminittration  of  fj  to  >^  SiaJns  per  day.  TW  aiMW 
fatal  date  by  vein  for  rabbits  it  placed  by  Corper,  i9t5,a«o.4  too.6GiB.  perUupM 
By  mouth  there  uYrruiily  the  local  salt  actions.  LodhoU,  1^,  dcactibtd  w 
effect  t  from  K^CN.  wliidi  must  have  been  due  either  to  the  potaaHtimortaiBMnli^ 

Occurrence  in  Saliva.— Sulphocyanid  ii  found  in  the  human  parotid  and  lAwai^ 
lary  talivn,  but  not  in  all  individuals;  alMi  in  the  iJillva  of  raanv  animals,  not  ia4«pM" 
horsca.  It  is  absent  in  new-bom  infanta  (Kitterahain);  alio  In  suppuiativc  wiimt^ 
disease  (Juei^ns,  1901}.  It  is  found  in  other  mucoue  (nasal,  coniuncliviLniUi''' 
ti  i>  excreted  quantitatively  in  the  urine  and  feces  (Pollak.  iqoi;  .\.  Me)-rr.  loot).  P*** 
ally  in  the  prupordon  of  1:1  (Gleiand  Kahn,  igu).  Indogiin  which  it  is  tbKtt'fa* 
the  saliva,  it  occurs  in  the  blood,  li\-er,  intestine*  and  urine  (Kahn  191s).  la  M'**' 
dogs,  it  is  present  in  the  urine  to  the  extent  of  0.001  per  cent.;  la  the  Uood.  e.«oip 
cent.;  in  the  bile,  from  nothing  to  o.ojj  pet  cent,  (Cies,  lieb  and  K«hn.  '0'*'--!lJ 
((uantity  depend*  on  the  available  sujiply  of  CM  radicals.  It  is  formed  thca  Itt> 
b  adminislmd,  coiutituting  •  ehcaml  disitttozicatian  aiecbaaiam.  lis qiiiWt* 
mcicaMd  by  tobacco  unoke,  which  oooULna  UCN.  It  b  also  incnaaed  vf  (MM 
amtao-acids  (alanln)  and  acetatiitrilei  not  with  sulphur,  mlptiid.  thiouR*  or  iMfis  " 
b  probably  reduced  from  the  protein  in  the  liver  (Kahn),  the  wUva  brim  IttfT * 


higher  plants;  And  in  greater  concentrations  aba  to  bartcria.  Sufphoc^-anic  srM  '"i 
l«  &4  per  ceitt]  inhibits  the  guiric  dlnaiion  of  fibrin  (Cavauaal,  191$).  Acoo*^ 
kcnsix-e  review  of  the  litcralute  is  givuiby  Kahn,  191a. 
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NITRATES 

Pola.t.-tiuin  nitrate.  Saltpeter,  was  formerly  used  as  a  cardiac  depressant 
fevers,  etc.;  it  is  now  recognized  that  ordinary  doses  do  not  possess 
jlhis  action.    Its  cSects  arc  simply  those  of  a  neutral  salt;  somewhat  more 
ritant  to  the  gastro-inlestinul  tract,  and  somewhat  more  diuretic  than 
JaCI.     It  has  practically  fallen  into  disuse.    Accidental  poisoninR  from 
rgc  dose$  is  not  uncommon.     It  presents  the  phenomena  of  gaslro- 
enteriUs,  similar  to  those  of  all  other  soluble  indifferent  salts.    These 
»y  be  serious,  especially  if  it  is  swallowed  undiluted. 

Fate  and  BxcretiiHi.^Nitralc(  hk  readily  ab«)rb«t.  Their  excretion  a  nmilv 
I  th&t  of  tl)c  haloccn  iuns.  iind  «how&  llir  Liaiinl  mutual  rclnliun  (Soltmann),  Ptacti- 
Qy  the ca tire quan lit V  h  uxtrcUil  um-hMnncd  (AMiThiiUcn  and  Hirstli,  lOij);  buta 
all  proportioa  may  m  mluccd  to  nitriici..  Thb  reduction  trices  pUci:  »>>  Jowly,  in 
!  tmM  at  the  Inorcanic  nitratci,  thitl  nt>  nitrite  n(:li<>n  cun  unlinnrlly  be  seen;  but  vpry 
■r^c  doKS may  c&us«  mcth«moKl"l'in  formation  (Uinz  a.nd  Gcrlingci,  igot).  Metabtf- 
iwa  studies  bnve  given  contnuliclor^  roulti  (dnifc  and  Winti:.  191  j). 

Normal  urine  contains  0.1  to  0.4  1)^^111.  u(  KNOi.    This  In  coiuklerably  more  than 

netted  with  the  food,  10  that  a  part  must  be  formed  aisn  end-product  of  metabolism 
I.  Mitchell,  Shonlpy  nnd  Giiiidley,  1916). 

Toxic  Symptoms.— These  consist  in  great  abdominal  pain,  vomiting, 

:rc<)uently  blooily  stools;  irregular  pulse,  convulsions,  and  collapse;  sup- 

irc3«ion  of  urine,  or  that  passed  i$  albuminous  and  often  liioody.     The 

trocntcritis  may  be  so  violent  as  to  lead  to  an  early  fatal  ending.     Of 

c  »iUs  so  far  studied,  the  jxiLassium  nitrate  i.'t  bv  far  the  most  violent; 

JO  Gm,  (i5)  may  be  fatal  if  uken  in  concentrated  form. 

Smaller  dM«s,  long  continued,  cauae  a  hemonha^c  tendency,  edema,  and  lalty 
KATt  (Fackelmann,  i^K). 

The  tttaSmcnt  would  con&isl  first  In  dilution,  since  they  act  only  by 
rirtue  of  their  concentration.  !.art;e  <|uantitics  of  water  should  he  drunk 
tnd  the  stomach  washi-<l.  Demulcents — milk,  egg  white,  acacia-  arc 
tlso  useful.    The  symptoms  should  be  met  as  they  arise. 

I'KKl'ARATIONS — NITRATES 

FMittii  Nitrai  (Pot.  Nit.),  C.S.P.,  IJ.P.  (Sitcr,  Saltpeter),  KN'O*— CcJorlcia,  trana- 
axtai  prUiDs,  or  white,  crystalline  powder;  ialine,  cooUn);  taatc.  Freely  mL  In  water 
I ;  j.S);  very  yliehtly  tol.  is  ale.    Daif,  0.5  Gm-,  8  gr.,  U.S-P.;  o.j  to  i.i  Gm.,  5  to  30 

f..  B.P.;iiilulcd. 
Sodii  A'tf'ui    (Oiiii  Salt)>et«r),  NaNOi.— Prccly  toJ.  In  water  (t:i.i);  m1.  in  ale, 
1:  >eo).    DMt,  aa  PoL  Nit. 


POTASSIUM  CHLORATE 

General  Statement. — A  >aturate4l  (i :  i6)  «)lution  i.%  u-sed  ».«  an  «n(k 
septic  and  astringL-nt  mouth  wash  in  stomatitis,  especially  mercurial  and 
ulcerative;  and  a.-*  a  gargle  in  pharyngitis  and  tonsillitis.  It  often  sernis 
to  be  cRcctivc,  but  its  action  is  unexplained.  It  was  introduced  with  the 
idea  that  it  would  act  as  an  oxidizer,  an<l  thus  he  antiseptic.  However, 
It  does  not  part  with  its  oxygen  in  the  body,  bciog  excreted  practically 
unchanged.  • 

It  should  not  be  employed  internally,  since  this  has  repeatediv  led  to 
serious  toxic  eSects  (A.  Jacobi,  1S79), especially  by  the  production  of  met  he- 
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moglobin  and  (iesiruciion  of  the  corpuscles,  tbromboeis,  cU. 
should  be  cauiioncd  against  svroUowiDg  the  garglcx.    The  popular  I 
aic  to  be  condemned. 

Eicretion.— Chlorutcfi  Are  excreted  tnftlaly  by  Ibc  urine,  but  pkidy  ih«  b|r  < 
(•livB.  lilt  uriiur)'  vuretion  begins  praiapdy  and  U  compacted  wllhiii  lon^iiiAt' 
hours  about  90  per  cent,  nf  ibc  chWutc  being  rocovcrtd  (Roaenbloam).  AfMliw 
o(  thls4i  nxluccd  10  chlorid  after  tiic  urine  h  i-oided.  It  in  doubtful  wbclhtr  m  wtn- 
tion  oocun  ordiiurUy  in  the  body.  Bramaiti  are  partly  reduced  la  the  tiaWLul 
lodola  inlen»lvcly,  whm  gjvcn  by  mouili,  but  not  when  adminbteral  hipodenjoitr 
or  by  vein  (Cm^lani,  igoa). 

The  diitribubon  nf  fatal  dose*  ha.''  been  niudled  by  Koienbloain,  igti. 

Blood  CIutag«a. — When  ihcchlurnlo'arciidclci]  toblood,  either  iiwide  01  oabilFlW 
body,  they  eSecttlie/orni>if(unt>/mWAn««i;/i>htn.  The  chlorate  ion  b  oMuMdupBdih 
proceM,  to  that  it  nwy  convert  an  inde&nite  amount  of  heRuif;Iobin.  TheydUaliltii 
rtwcet  from  Ihc  nitntcs  (tec  index],  and  ibdr  acljon  iii  in  cans4Niucnoe  men  ndM 
aau  more  prolonKeil-    They  may  in  this  way  produce  an  actual  asphyxia. 

[n  addiiicm  to  ihit  (ormatioR  of  inetheaiciglobin,  the  chlorate*  break  np  thilW 
airptiiclfi  (llubcr,  iijii).  Tbis  may  produce  emboltfin;  Ibc  proteins  etc.,  wfcicktR 
llbcrHlcd  by  the  dcMmclion  of  the  curpuBcles  ate  irritant  (u  the  kidney*  tJA  pndM 
icienlitial  itcpkrili!.  with  the  ntuol  phcnomcaa — protrina  in  the  uKne,  caitt,  jjuarkn 
heinogh>bin  compnundt.     PoMJtily  the  chlorate  ion  iltclj  liritalnt  Ihc  kidnep> 

Fal  embolism  of  tlie  tun^i  and  other  oritant  are  alao  of  fre<iucni  occurrcact.ailMt 
ia  animaU.  They  originoie  from  the  bone-martow.  The  blood  cnniaiiu  auimniuM 
rooblo-tti^.  Fr.igmcntation  uf  th(>  hcirt  muodc  ii  a  frequent  cauacaf  death  (WiaatnAA 
1907) 

M«theiiici«lobia  FoinnatiOD  by  CUocatM. — The  blood  of  different  aninnli  ibmi 
different  degree  of  tutceptibility  for  the  melhenoglobin  fonnation.  that  diflMiax 
are  eomenon  with  all  f>o\wah  actinn  on  the  blood,  aspeciHlly  a&  between  caraiTiifMiM' 
herbivorous  unimals.  The  cau»c  ix  not  undenitood.  but  is  |>c>hafH  conwrtnl  ■>>• 
diffcicnres  in  the  alkalinity  iif  the  body.  The  contcrsion  occurs  (airly  rtadflr'^^ 
viiam  in  man.  doK,  and  cat,  while  rabbit*  and  Kuinea  fiti  ».n  alnust  InaiaM.  M* 
the  le!it-tubecblciratea  convert  rabbit'*  blood,  although  more  tlowty  than ile('i>  I** 
action  U  mui^h  tlower  outaide  of  the  body,  often  reqiuclng  Mveral  bwtn. 

lodatos  and  Bromaias  have  a  timilar  action  uo  hetnogtobiB  <U(JRt,  (&}!)• 

Potnssium  Chlorate  Potsocing. — This  is  fairly  common,  cilhtr 
overdose,  since  the  laiiy  docs  not  ncucrally  regard  it  as  a  toxic 
or  by  llie  ::ivrallowing  of  wine  of  llie  solution  given  for  gargling. 

Fatal  Doit  and  Catait. — The  tunceplibility  vuiiei  sieally  and  ihii  l>  one  d  tl*I      , 
dpal  danger*.    The  variatioQ  nuy  be  due  to  difference*  of  afawirplion  tad  vtami 
emboliMn,  etc.    In  general,  laCm.  may  be  conaiderfxl  a-,  toxic.  15  to  joCoi.m^ 
(Lewin).    Tlie  murtalily  {«  about  70  per  cent.    Tbc  lymptum*  ouy  *iatt  at  cwt"" 
delayed  to  six  hour*;  deAlb  may  occur  in  ux  hour*  to  *evcn  daya.  ~ 

Sympiomt  oj  Poisoning. — These  consist  in  gastritis  (nituaea. 
gastralgia);  methemoglobinemia  (cx-anosls,  coIbp»e  and  terminal 
sions);  and  nephritis  (lumbar  pain,  anuria,  albumin,  casts,  Mood, 
The  postmortem  lindings  comspond  with  the  symptoms. 

Trfalmrnt. — This  consists  tn  ga»tric  lavage,  hot  drinks,  and 
malic  m«asur<:s. 

PKEPAXATIONS — OILORATK 

•fflJudJi  CWofor  (Pol.  Chloras),  U.S.P.,  B.I'.,  KOO,.— ColwUaa  ctr«a*^  * 
whitesranalarpowder;  odorle**;  ooofing,  characterutk  taile.    Sol.  in  waUt  li"^lfti 
nearly  iaiol.  in  ale.;  *o[.  tn  give.    Eifhtiir  when  tritiiraitd  with  organic  1 
nften  in  wnirry  Mlution).    iW.  0.1s  Vm.,  4  gr-.  l^>S.P.ia^  to  1  Cm.,  J  ttUI 

Tftck.  Pol.  CMifrM.,  U.S.P.    0.1s  Gm.,  iM  gr.;  B.P..  o.»  Cm.,  3  p. 
SoJ.  CAUoi..  .'VaaOi.— Preely  *ol.  in  water  (■:■);  mI.  in  ale  (i:ioe). 
Poc  Cblora*. 


METHEMOGLOBrS   FORMATION 

BROMATES 

Th«e  act  similaily  to  chlorates,  but  ilk  coDsiik'tably  more  tone,  mainty  by  centnl 
paialy^is  {Snntc^iun  and  Wickhcrg,  1913).  They  fotm  nietiiCDiuglobia  I'li  vilro,  but 
sot m actively  Bschlurates  (v.  Mehiiob  iMs;  Cusboy,  190S). 


METHEMOGLOBIN  FORMATION' 

Methemoglobin  contains  the  saiiic  amount  of  oxjgcn  nsDnylicmoglnbin,  but  in  different 
CombinalioD,  so  that  it  is  held  mori^  lirmly  fexci^pt  ngiinst  ceilain  ririlucinK  aifc^nlii 
Haldiuie).  The  two  hemoglobin  compounds  Lhercforc  diUcr  cHentially  >»  certain 
of  thdr  propenie*: 

I.  The  spec trum  (see  Fig.  tg).    The  color  o(  lacthcraoglobiuhiuimoceol  abrawelah 
tinge. 


KeJ.  Orsace.  Yellow, 


Green. 


Bine. 


^*   J  r 


Si 


tmi- 


I  £l»it~ 


a.  In  tne  readiness  with  mliich  they  give  up  osygen.  While  the  oxyhemoglobin  is 
&  very  unstable  compnund.  giving  upitsoiygcn  and  taking  it  again,  with  gicnt  rcadincM, 
melhcmoglubin  i»a  cumpnralivcly  stable  and  unchjnKi'atilecumiHHind. 

3.  In  thcj-  behavior  lu  certain  reagents.  For  instance.  HCN  rfocs  not  form  any 
characteristic  compound  with  oxyhemoglobin ,  but  with  the  met  hemoglobin  it  gives 
cyan  me  I  hemoglobin.  Similar  com|)Ouna6  nre  formed  with  HjOj,  'sulpbucyanids,  ani) 
many  other  salti.  and  alio  with  alkalies. 

Metheffloglobin  may  be  formed  from  oxyhemnglobin  in  quite  a  number  of  d.lTerent 
ways- 

t.  By  oxidiiing  agentis:  Potassium  chlorate,  ferricyaniii.  ptrm.inKunatc,  HiO,,  etc. 

1.  By  reducing  agents;  The  nitrites,  hydroxylnmin,  formalin,  iodin,  chrysirohin, 
etc.;  coal-tar  products,  (Phenylhydrazin  sIko  gi\-cs  reduced  hemoglobin,  and  destroys 
some  of  the  hemoglobin  absululcly,  producing  a  new  Lomi>uuiid  which,  uud  i  certain 
coodiliont.  yields  a  green  pigment,  hemoverdin.) 

3.  In  the  early  stages  of  putrefaction,  and  by  the  action  of  light. 

4.  By  Kilts  und  glycerin. 

5.  By  adds  (this  has  recently  been  denied). 

The  ph>'siuli>gic  blgnilicance  of  this  mcthcmoglobin  formation  rests  on  the  ttahlllty 
o(  the  compound  and  its  consecjucnt  tnnbility  to  carry  out  the  functions  of  onyhcmo- 
fllobin.  This  produces  asphyxia  of  the  tissues.  Pure  melhemoglobin  olutionn  may 
be  injecteil  into  th:  blood,  without  causing  any  jiymptomn.  ICven  he  urine  remain* 
free  from  albumin  or  melhcmuglobin.  The  cumpuuiid  ii.  in  pari  Mcreted  by  the  hllc. 
in  part  deposited  in  the  hematopoietic  organs. 

Nor  is  the  Itmporaty  ciinvcrsion  of  a  considerable  proportion  of  the  oxyhemoglobin 
into  its  isomer  of  ^reat  iiicnilicaiice;  fur  raclhumoglobln  Is  not  absolutely  stable,  and  a* 
'Vat  Uilillatraphy.  H«  Uimoliiwnti.  AKhiv  Tor  Chyiiologis,  ISq;,  [i.  IID. 
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tooD  M  the  o;c>'S«n  ttnn-Blion  of  the  tbtue*  \s  catried  Ui  a  txrlAiii  dcgm.  0^ 
upon  the  mcthcmoglobin  jiad  dcoumpoM  El.  The  convcraion  u(  a  tUrd  id  ibt  heaocl» 
bin  into  nKllicmciKl'ibin  cauicv  anly  v«ry  ili^t  tymDtoiui  and  life  UitUlMwUtmi 
thrcc-&flh«of  the  hemoKUitiln  lius  bi-i-ti  rTplaMd.  LuebKODMcitlBCt  mnikhM- 
idobin  has  sunk  to  onp-third.  Tlic  towUtian  na  therefore  become  danscTOU (■I)' V 
oe  mclhcmnglnliin-fnrnirr  continues  its  action.  Thit  docs  not  occur  In  tbtii(«iltic 
doKiof  uny  ol  lhi.-:ie  druKS  but  may  contribute  to  the  fatal  ratling  Id  cunofpcweiar 
The  ijrmptoin*  arc  those  al  aiphyxia.  There  ii.  n  peculiar  blue  tint  about  ibc  Ifxfl 
finger-naili,  CK.  The  nwthi'inoslatnn  urailunJIv  rclumt  to  o»y-  tn  rciiiitcd  btmlilhhl 
after  death,  90  than  nn  examinalinn  nfC(ii-\-eralila)'sma^'fail  to  reveal  itaPraKMi. 

Mott  nf  theic  lUaRi  trin^iform  the  hemoglobin  uuidc  ol  the  catpuwM,  iHait 
Injuring  the  xitidily  of  the  Utter;  but  Kimc  cause,  in  a<ldilion,  a  brnJcfacn*'!^ 
corpuwlcs,  and  thiaicn-stly  ini:ica«n  the  danger.  Aside  from  thcatphynaitUaatf 
be  proportioDcd  to  il,  the  proteins  and  other  lubttanccs  liberated  cause  injun  la  Ibl 
kidney — alhummuris,  glycoturin,  mrl hemoglobinuria,  etc.  It  it  alw  djumMlkilU 
cause*  tlie  :iudden  formation  of  fibrin  ferment,  whicb  ma^  tben  cauw  exteuiniitn- 
vascular  clotlins.  Tlie  d6brit  ix  also  credited  with  causing  embolL  Bat  tbrntvU 
uc  not  admitted  by  all  invckligators.  Aamalldcstnictioo.sudiaaBwy  becMM^br 
the  subcutaneous  injection  of  idycerln,  certainly  has  no  ptnaanent  iiiJ«rte«tCA 

The  specific  octlnn  of  the  drug  is,  of  coume,  joined  to  these  metbonoglobiorfKlk 
and  mny  entirclv  ovrrthsdow  them.  Thu«,  rabhiudicof  ROOibeforcit  a>iM*t>tV 
melhemoKliibin  tormalion.  Uerbivorousanimaliare.aia  rule,  mnch  less Mib)Ktl*la< 
formation  of  melhrjnoglobja  during  life,  although  thdr  thed  Mood  doca  Ml  Ha  la 
this  rcipocl  from  that  of  carnivorous  andmala.  Tho  caaw  Ikt  pciluM  !■  tbc  pMir 
alkalinity  of  their  blood,  for  it  has  been  found  that  alluli-metbemoslafiB  ii  luiJiMI 
canly  converted  back  into  oxyhemoglobin.  The  infeciioD  of  alkaUet  tat  thtfifM 
been  nincitcd  in  Ihe  trutment  of  melbemoglubtncmia.  Other  IreatnwDt  otMi'i 
in  the  sORiiniMration  of  oxygen,  artifidalrcspitatiaai,  and  shock  ttcaUnent. 
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Geoeral  Statcmenti.— Tbe  H^^'ion^of  adds  and  0H^~> tOM oI  L 
part  Ttwlilv  uiih  thdr  electric  charges,  and  therefore  aller  tlitlUKt'' 
colloids,     in  ihis  way,  and  also  by  direct  chemic  changes.  lhe>-  fto^ 
extensive  alterations  in  the  functions  of  cells,  which  would  be  apwf 
fatal  if  lUey  exceed  a  a-nain  iJi-gree. 

Actual  Potential  and  Total  Acidity  and  AlkftUaity.*— ThcMt««uiK 
produced  only  by  the  dissociated  ions,  which  represent  ihc  wiwrfK'*')' 
and  alkalinity.  The  acti\nty  of  an  acid  or  l>a.*e  depends  ihefdu"  ■"* 
only  on  its  total  concenl ration,  but  also  on  its  dissodation.  TV  miw™ 
«cid»,/.i..  which  dissocial*;  freely,  are  much  "stronger"  (hancquin»|«<w 
solutions  of  the  organic  adds  or  acid  sails,  which  dissociiite  only  tlignlj' 
UndisAtK-iated  molecules  <lo  not  citert  these  actions  and  are  prart'*')' 
inert  in  this  rMpect.  llicy  niiiy,  however,  be  drawn  upon  to  owtwi* 
added  acid  or  alkali,  in  proportion  as  the  fn-c  ions  become  conihinc<L*" 
in  Ihis  respect  are  equivalent  lo  the  dL^ociatcd  ions.  They  may  ''""j' 
be  considered  as  p9imliai  addity  or  alkalinity.  This  relation  wa*  lorw''^ 
not  understood,  and  this  has  given  rise  to  much  confusion.  The  <piw*'T 
methods  of  titnition  meawurc  onl^-  the  Mai  acidity  or  alkalinity  {icw* ''" 
potenlia!).  In  complex  fluids,  hke  the  blooil  or  urine,  this  banWf^ 
lation  to  the  true  actual  acidity.  The  aclual  reaction  is  mcajuired by* 
electric  potential:  or  by  the  use  of  a  series  of  iitdicators  which  aitiW 
affected  bj'  certain  concentrations  of  free  Ut+>  or  OHt"'  loni  (Soao"**' 

■Hw  tool  aeUsM  ti  csoceDlratcd  acids Bnil  sUulto  ar*  <li[iiiiii  «ndw  "UmI  t» 

■A'lvuicnl  i,luil»nt*ar*  sHTW^d  to  coanlllh*  boski.t  H>cbMti>.''Die  Wa 
trsiinn.'*  191 1. ''»'«  Isllt*  t>mntaiian  of  ihenbiKl  Ba4  dttaildl  d*i«. 
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or  by  determining  the  vdocUy  of  certain  reactions  {inversion  of  canc-suKar, 
saponification,  etc.).  which  depend  on  the  H^*'  or  OH^-J  con  centra  lion. 
Hydrogen-ion  Concentration.^ The  actual  reaction  U  also  termed 
the  true  reaction  or  H-ion  concentration.  It  is  generally  expressed  in 
reciprocal  logarithms  (as  the  "hydrogen  e:q>onent,"  "f""/-i-.  a  solution 
containing  i  molecule  of  diaaociatcd  H'+'  in  10,000,000  L.  (1:10')  is 
said  to  have  the  H'*'  concentration  of  7.0  (also  written  ^H  =  7),  etc.  This 
constitutes  neutralUy,  ance  water  dissociates  at  15°  so  as  to  contain  H**' 
and  OH'~'  ions,  each  in  the  proportion  of  io~^.  An  increase  of  H  ions 
means,  of  course,  a  relative  diminution  of  OH  ions  and  vice  vena. 

This  system  of  notatioD.  although  convenient,  is  at  fir;.!  soinewhut  cunfusinK.  It 
mwst  be  remembered  that  H'''"6  (really  10"')  means  n  higher  ncidity  than  H''l  =  7 
(rc&lly  10"').  The  uddity  is  therefore  inverse  t"  llie  nuinfier.  Also,  sinte  logaritlims 
■re  used.  H'"'  =  3  meaos  on  nciclity  1,000  times  as  great  ttsH>**  =  6;not  IwkcasgreaL 

The  iollowiog  may  perhaps  tieive  to  render  the  subject  clearer: 


^3 


=  —  acitl 
10 

N 


1,000,000 

-=  Neutrality 

N 


■cid 


alkali 


1,000,000 

N 
pHi4  =  —  alltali 
10 

The  older  notation  is  simpler,  but  icss  cunvciiieot;  i.e.,  IV'^  ■  9  X  io~'  denote* 
twice  as  great  acidity  »5  i  X  10""';  0.5  X  10"'.  onc-holf  as  great;  etc. 

Actual  Reaction  of  the  Body-fluids.— The  normal  reaction  of  the 
tissues  and  fluids  within  (he  body  proper  is  very  near  neutrality,  inclining 
a  trifle  to  alkalinity  (Hfh  =  about  7.1  to  7.8),  The  gastric  and  intestinal 
juices  and  urine  are  the  only  fluids  in  higher  animals  which  depart  from 
this  rule.  The  neutrality  of  the  blood  is  maintained  even  in  acidosis — 
although  the  cells  where  the  pathologic  acid  is  formed,  probably  develop 
an  increased  acidity,  which  is  supposedly  responsible  for  the  symptoms. 
Normal  living  cells  have  an  alkaline  or  neutral  reaction,  judging  by  inlra- 
vitam  stains  (A.  P.  Mathews). 

Reactioa  of  Normal  Blood. — The  H''*')  oF  fresh  defibrinatcd  blood  is  very  weaklv 
ftlkalice,  almost  neiitinl.  It  is  st.ited,  Cor  instance,  as  o.j  to  0.7  X  io~'  (Friedrnihal, 
1904);  »H  =  7.45  fur  arterial,  7.J  for  venou?  (Ha^iselhach,  icjij);  7.6  to  7.8  (or  human 
«erum.  7.4  to  7.6  foroxalated  blocKl  [Levy.  Rownlrcc  and  Marriott,  19:5),  at  air  tcm- 
pcialure;  at  ^7°  the  alkalinity  would  he  about  o.i  higher.  Similarly,  excessive  ventila- 
tion uf  the  lung!  with  air  or  uxygcn  lowt^rs  the  )[  concern  rat  ion  of  the  blood,  whereai 
excessive  ventilation  with  CO,  increases  it  (Milroy,  1914).  The  CO,  tCDsioD  has  Jome 
inSuejice,  so  that  venous  blood  is  a  little  less  nlkaline  than  arterial. 

PalkiHcgic  Blood. — Levy, etal., found  (hercactiMnof  thcierum  Insbitj-mistellaneoua 
medical  cases  to  be  norrnaJ  {^  7.6  to  7,8);  the  wholi:  blood  was  also  nearly  unchanged 
(«il  7.1  to  7.0.  Even  when  symptoms  o(  acidosis  arc  present,  the  .alkfdiniCy  ih  but 
Illll«d(>'rra)ed(i.H  of  serum,  7.zt0  7.5:Lcvyetal.  Under  Kikali  therapy,  thisisrestortd 
toward  normal. 

In  diabetic  coma,  Benedict,  igo6,  records  an  extreme  change  to  1.;  X  io~'-  Ma«cl, 
i">i,(,  and  Van  Slyke,  1913,  found  practically  no  change,  eiccpt  just  before  death  (;.ii, 
Alasel):  van  Slyke,  however,  observed  that  the  addition  of  Ht'l  to  acidosis  blood  raiid 
tta  H  conccDtnlion  much  more  than  when  added  to  normal  blood.  The  essential  biood 
change  of  acidosis  is  therefore  the  diminution  of  the  reserve  alkali. 

In  normal  animals,  feeding  with  add>  or  alkalies  has  practically  no  effect  on  (he 
H  concentration  of  the  blood.     Inlrnvcnoug  injection  of  acid  into  dogs  or  ralibils  pro- 
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ducts  a!r  kunf(«T  when  ^H  7.65  i«  rcMcbcdi  death  oocun  nllh  6.9(Lery,ciil.,f  Vkt*, 
Siilt,  1906].  At  the  other  extreme,  nnceatraliun*  above  ^11*  *"  probably  abciiul 
{RoivQtrce), 

Oth«r  Body  Fluids.— Willi  the  excepUon*  noted,  these  l»»ve  about  ihr  unt  i«tK« 
B«  tbc»eiuin(Fri«lciitlinl.i90i).  Ilanxlilt,  1914,  found  cetebtD-tpiiui  to  nagtbdnn 
,H  6.9S  lod  7  .3;  'mh  hut.  (1.98  to  ^.18;  edema  fluids  and  ptctiHlic  fluid*,  abHl  ;.■; 
■adtic  Quid,  7-ti.    Oo  Handing  oulude  c(  the  body,  many  of  tlieta  fluidt  bdMoetctt 

The  taliva  has  6,g  (Mlchcalift  and  rnhfiirin,  1914):  mOk,  about  j;  iaitsiiati  nin 
ftbout  8;  saitric  juice,  about  1.77  (Miclui'tis.  (qm;  where  (urther  datanuy  btlt^X 
Tbc  II  concent  ni tint)  of  the  tiituM  generally  must  boomewhat  hlghct  thanibttki^ 
sinca  iboy  supply  the  acid  that  iscxcrelcH  by  urine  and  luasa- 

Uunrite  and  Tranter,  1Q16,  found  the  alkalinity  «( the  <fnbnt  final  MM  eottfalb 
aomcwhat  higher  than  the  blood  (avcnigc  rl(>  fluid,  S.it;  blood,  7.66:  Jlfl(f(M(i«4li- 
This  normal  reaction  wa  not  rhanged  in  any  stage  of  sy|ibills. 

Reftctioii  of  Vrlne.— ThI*  usually  Incline*  toward  actual  addtty,  the  Mrml  nv  i* 
man  bdng  lit*) «  5.1 1  to  7.46;  the  average  about  6^j.  (The  acidity  h  fnaitr  ilur 
tabllnitaiid  pertpi ration,  Ilasklns,  igi4).  It  exceed*  5.0  in  Icss  ihan  t  ^rotnt.uJi) 
in  leMi  than  to  per  cent.  In  mo*t  diMCU«».  the  acidity  averacc*  dUlUKtW  ictif.  >■ 
cardiac  diicaw,  about  4.91.  Thchisfaeit  addityio  for  rcpoitcd  is 4.7  (UJ.lln'tn* 
and  pupils.  1914).    The  reaction  is  dcterraJntd  mainly  by  Ihc  ratio  of  pho^bUti 

Adoilnistralion  o(  Adds  and  AUoUm  on  Urine. — Add  ndjum  oboHibale  laim  Ai 
addity,  specially  if  the  utine  won  previously  alkaline;  but  tbc  acWiy  does  not  ivp* 
the  normal  limit  (HI*)  raited  (rom  6.j  lo  s.y,  Head«nu«i  and  Palmer,  t9t);b>«i-' 
to  4,85,  Hinzlik  and  Collins,  1013).  .Vlkaliu  increase  the  alkalinity  MOieawl  ltp««^ 
the  normal  raooe  (lO  to  40  Gm.  NnlfCO,  per  day,  !!('')•  S.7  HendciMB  udhbtr. 
4  Gm.,  change  liom  6.5  lu  7.4.  Knnj^lik  and  Collins).  Sodium  dltvle  tito  aaliad* 
urine  tomewhat  alkaline  (7.1  lu  7.4,  Hanilik  and  CuUini). 

Regiilatiiig  Mechaniians.— Mcisbotisin  leads  to  the  prodacda  i^ 
acids  (carbonic,  lactic,  sulphuric,  pliOf.t)horic,  elc.)  which  would  teal  I" 
increase  the  acidity  of  the  body.  Howc\'cr,  the  maintenance  of  the  nonnl, 
nearly  neutral  rctclion  is  so  highly  important  ihal  il  Is  rfguhtctl  with  tht 
greatest  nicety  by  the  use  of  several  mechanisms.  Tlic  carboMto  ui 
alkaline  pho&phates  of  the  blood  and  tjitsues  coa<ilittite  a  stock  ofjpoMlU 
alkali;  and  the  carbonic  acid  and  acid  phosphutes  of  potential  add!  T^ 
arc  sufBcicnl  to  ncuiratizc  at  once  all  ordinary  attcmpiA  to  chu|[ttb 
actual  reaction.  The  ampholtfric  character  of  ihc  proteins  pcmuts  ik" 
to  neutralize  a  limited  quantity  of  either  acid  or  alkali.  The  adniai*- 
Iralion  of  acid  or  alkalies  by  mouth  iherefore  does  not  change  ihe**"^ 
reaction  uf  the  blood  and  tissues, but  only  the  ^o^fitftd/acidityoralltilii^' 
The  ammonium  formation,  and  the  excretion  by  the  urine  sod  tttop- 
finally  restore  the  efjuilibriurti  of  potential  alkali. 

neutrali2atioii  in  the  Alimentaiy  Cuul.— Neither  acids  nor  alktBetiK 
abM>rbed  unchan^ced  from  the  alimentarv  canal.  The  alkalies  (inciu()'>( 
the  cwbonalcs)  arc  nfulraiizfd  by  the  HClof  Ihc  gastric  juice.  Orifp"* 
in  larfier  amounts,  they  enter  into  loose  alkali-pro/^-iji  mmbiiMlmi  l)rf«* 
they  reach  the  blood.  The  acidi  um!L-r]|;o  a  similar  change,  oc  if  ihcj'tw 
not  entirely  absorbed  before  entering  the  intestine,  they  arc  there  iiboIw 
ijjcd  by  Ihc  carbonates.  The  immediate  effect*,  then,  would  conibl  (W 
in  altering  the  reaction  of  the  alimentary  cAiial. 

(Conccnlralcd  acids  and  alkalies  produce  corrosions  by  (Qrecl  tb'*' 
actions.    These  local  effects  were  considered  under  Trritant*.) 

Hetitritlizatioiii  in  the  Blood.— It  is  difficult  to  alter  tbc  rev^" 
blood  even  in  tUro.  Friedenllial,  itjoj,  showed  that  Knim  rK)uinv  '° 
secure  ft  given  change  of  reaction,  thirty  to  forty  times  ts  mucji  NbOH./^ 
317  times  as  much  HCl,  as  would  be  needed  in  wBter.  Tliis  ^^'^l 
is  due  to  the  prcsenci-  of  the  salt 


the   liberation  of  11*''^  ions  to  prac 


all*  of  weakly  divsotiating  aci^lii,  whlA  I'"* 
to  practical  nculraUty.    This  proptfV  " 


proptrtjr 
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especially  marked  with  piiosphatcs  and  carbonates,  which  arc  important 
constituents  of  the  serum.    The  proteins  act  similarly. 

If  H^+'  ions  are  added  to  such  a  system,  they  will  be  expended  in 
liberating  the  weak  add  from  its  salt;  and  since  the  weak  acid  is  not  ioniwd 
in  the  presence  of  its  salts,  the  actual  reaction  will  be  practically  unaltered. 
If  0H'~'  ions  are  added,  they  will  be  expended  in  neutralizing  Ihe  free 
weak  acid;  and  thus  will  also  leave  the  actual  reaction  unaltered.  A 
notable  change  in  the  true  reaction  can  occur  only  after  enough  acid  or 
alkali  has  bt-en  addt-d  to  neutralize  or  liberate  all  of  the  weak  acid — i.e., 
there  will  be  no  material  change  of  reaction  until  not  only  the  free,  but 
also  the  potential  acidity  or  alkalinity  has  bci-n  overcome.  This  would 
require  quantities  of  strong  acids  or  bases  much  greater  than  it  would 
ordinarily  be  possible  to  introduce  into  the  living  body. 

So  far  as  this  neutrality  irKulatJon  U  cDDccrncd,  the  bloud  may  be  conudercd  u  a 


(olution  o( 


H,CO. 


and 


NaH,PO. 


NaHCO,  NajIIPO," 


All  thciedimKialc  towenkl/thnt  insolutionKof 


the  concentration  uf  blood,  llieir  HO  and  UH'~)  concentration,  twparately  or  logcthct, 

would  be  praclicolly  thai  of  nculmlity;  i.r..  in  the  cloir  neighborhood  of  10"'. 

If  an  sciil  (KCl)  wvk  added  to  the  mUlurc,  it  wuuld  icacl  with  the  tails,  procludnit: 


HO  +  NaHCO.  - 
HCl  +  Na,HPO. 


NaCl  +  HiCO, 
=  Naa  +  Nall.PtV 


This  would  increase  the  ratio  of  H,COj  find  NaHiPO.;  but  thesu  dissociate  so  weakly 
that  they  pratlieally  leave  the  actual  reaction  unaffected.    The  HI*)  concentration 
would  therefore  nut  he  increased  until  all  Ihe  NaHCOi  nnd  NagHPOi  nr«  used  up- 
li  an  alkali  (NaOH)  were  added  to  iht  mixture,  il  would  react  a« .follows: 

NnOH  +  HjCOi  =  H,0  +  XaHCO. 
XaOH  +  NaHjPO.  =  H,0  +  Na.HPO.. 

Thi*  would  reduce  the  ratio  of  the  free  acjds,  H,COi  and  NalltPOti  but  fJnoc  these  adds 
were  practically  nctilnil.  llii^  due;  nut  affect  the  actual  reaction  materially,  until  all  lh« 
carbonic  acid  and  acid  jihosphale  arc  used  up. 

Restoration  of  the  Potential  Hi+>  and  OH'-^  ions.— The  regulating 
mechanism  of  the  blood  is  important  for  protecting  the  body  against  sudden 
changes,  for  meeting  temnorarj-  emergencies.  However,  this  impairs 
the  stock  of  potential  0H'~'  and  H'+'  ions,  and  therefore  would  not  furnish 
a  permanent  protection.  Other  mechanisms  are  called  into  play  to  restore 
the  normal  ratio  of  these  potential  ions;  mainly  by  regulating  the  excretion 
of  CO-  through  the  lungs;  by  varying  the  reaction  of  the  urine;  and  by 
the  more  or  less  complete  conversion  of  NH*  into  urea. 

Regulation  by  Excretion  of  COj.— Addition  of  acid  to  the  blood  liber- 
ates COi  from  ihe  bicarbimate.  This  increases  the  COj  tension,  and  thus 
its  excretion  by  the  lungs.  The  increased  CO^  tension  stimulates  ihe 
respiratory  center,  and  thus  hastens  the  elimination.  This  restores  the 
normal  ratio  of  HsCOj  -^  NaHCOj.  Conversely,  the  addition  of  alkali 
diminishes  the  tension  of  COj  and  thus  its  excretion. 

Regulation  by  Combustion  of  Organic  Acids.^ — The  organic  acids 
arising  in  metabolism  are  normally  oxidized  to  COi  and  HjO,  and  excreted 
b^  the  lungs  and  urine.  This  mechanism  is  disturbed  in  disease,  starva- 
tion, etc.,  and  then  gives  rise  to  acidosis. 

^  Michk4li4  mnd  (•tfrnpn^M,  19J5.  «uid  Hi*  nuFinkl  r^tio  at  tha  phcApham  in  blcMdpUsma  a* 
NalliPOi        t    ,      ,       ,    , 
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Hegulation  by  the  ITrine. — Tlie  urine,  like  the  blood  rootaiosj 
lure  (>t  ^ci'l  and  nt-utral  phosphalrs  (Orth  (ouml  %  mean  oj 60  per  cnL tf ^ 
MHil'Oi  ;ui(l  40  per  cent,  as  MjHFOi.  When  acid  is  iniroducm/thenlii) 
of  acid  phosphau-  h  increased;  ulkaliv^  increase  the  profiorliotiofalbliot 
pho^pliate.  This  elimination  of  the  excessive  acid  or  alkali  ions  npidly 
restores  ihc  polcnlial  acidity  or  alkalinity  of  the  lissues.  Tlislem  « 
urin«  is  also  increased,  so  that  acids  and  alkalies  act  as  eficctivt  dwitia. 
Th«  administration  of  acids  first  increases  the  PO(  excretion;  later,  ibb 
decreases  with  the  available  supply  of  these  ions  (Fitz,  AUIxrg;  and  Hrn- 
der«on,  J<)oj).  The  iollucncc  of  nephritis  was  studied  by  Palmrc  aj>4 
Henderson,  I9r5. 

Atid  Mt  Alkcii  ^xnw/Jon.'— Secchi,  1914,  rtporU  that  the  admiaulnitian  of  HCt  U 
own  or  dojct  on  a  neat  diet  increaws  the  oLmlaUJon  of  amnonhini  pmiMoulj:  tiut  a 
K  and  N«  tcmponuiljr.  Th«  Ca  and  Mg  are-  not  malerially  ofiectcd  in  Ik  V**.  bit 
increauM]inthefccei,Mi>eciaIlyCn.    Thecaldumuftbetlawesinaiy  thubtfiaiiiiM. 

With  t*bbitx  oo  a  cabbuKc  ilivt  (rich  in  Ca)  udmintitmioa  of  aod  nuriwUy  Ikmm> 
the  «Uminntion  of  Ca  nnd  Mr,  Icu  that  of  K  and  Ma.  the  Cii  txattiaaitoMf't 
the  urine.     'Fhc  liiMie  C-h  is  Krr«tly  dn'mMd. 

F«edmg  with  IICl  may  cause  arterial  change*  (Adlei,  1914). 

Regulation  by  Anunonla. — XH4  is  a  normal  precursor  of  utta. 
conversion  is  not  quite  complete  and  somewhat  clastic:  If  the  witJT^ 
tends  to  rise,  a  larxer  part  of  the  ammonium  is  left  luiconverled,  ud  ■> 
used  to  neutralize  the  excessive  acid.  If  the  alkali  tends  to  n*t,ioxtfi 
the  ammonium  is  converted,  leaving  its  anion  to  neutraliK  the  aiiil' 
The  ratio  of  unconverted  ammonia  (reSected  in  the  rmio  of  NH*  to  W^ 
N  of  the  urine)  is  therefore  an  index  of  the  add  or  alkali  tendency  of  tl«t 
body.  It  rises  if  acids  are  introduced  or  formed  in  the  organism  (addw): 
and  is  lowered  when  alkalies  arc  administcrecL  AmnKmiuro  ii  ibo] 
duced  by  des-aminalion  of  proteins. 

Eflloieaoy  d  the  Resulaiing  Mechaniim  In  DiAnat  AataHlki'— Ha  L 

BR&lnet  ■cid»i«cons[ili'i,i'.>U!>ly  mi>r('  perfect  In  carnlvota,  both  M  ewwef  ttai 
the  elimination  (Suiro.  tq9i>— probably  becaiue  tfaeie  are  accuslomcil  to  iMMtt  _ 
tain  amount  of  add  with  their  food.  It  iximpowible  tolowcr  the  alk>liiiin«llhtlM 
uf  A  diji,  to  ;uch  a  dcitrcc  as  to  produce  tijinpton*,  by  latn>duciiu{  ada  taMtt*>^ 
menlar}-  tonal,  unlcu  I'l^rrcHion  bi^  pniduonl.  But  if  an  acid  or  aJud  alt  bthJK"* 
into  a  vein,  it  will  cnii!«  very  prt>nouiiccd  kyonptgait.  In  bcrbivoroat  aniouK  t^ 
inayalM  be  praduced  if  Urgce  quantities  are  dvco  by  tbc  noath.  They  vfflmAB 
death  even  befure  the  reaction  of  the  blood  has  become  neutral.  So  IhM  It  J*,^ 
»triclly  correct  to  ipcak  of  an  "oicid  aetion,"  but  rather  of  the  eflcett  of  diaUW 
alkalinity  (Kellntr,  1901). 

InAiMnco  of  Diet  on  Amffloflium  Connnloa— Tbe  ammaiuuia  widUioa  it  J^ 
entirety  ahncnt  in  hcrbivonc.  Cowi  and  calvci  uie  it  quite  cftdestly  VMaadd  bW 
(tUn  and  Ncltun,  igij).  Epplngei,  loo^',  claimed  it  to  be  influenced  by  ^'^'■'^ 
that  a  veceiable  diet  renden  a<^  »uKcpiible  to  acid  potMotng;  and  tliat  a  dm!  <a>L 
or  injection  »i  amino-ftcidi,  cvokcK  the  ammonium  mcuiaiuun  evm  la  labUbi.  tirf  <** 
protects  ibem  ajtainat  add.  Hnwever.  later  obMrvcra  were  noable  to  ooo&B  •■* 
(PohJ  and  MueoKer,  1906;  G.  Bostuck,  1913). 

Nature  of  Acidosis. — Acidosis,  or  Acid-inloxicalioa  ariics  wfatn  f^ 
or  acid  jails  are  introduced  in  excessive  quantity,  or  when  the  nrniutii 
fails  to  dispose  promptly  of  the  acids  that  are  formed  in  mciawli>>& 
SoIoitK  as  there  i»  an  itdequate  store  of  potential  atkali,  ihc  actual  rcacli* 
of  the  blood  is  not  materially  chanfied,  although  it  contains  lesu  aifaoafi- 
Thc  acidity  ami  the  ammonium  of  the  urine  will  also  tend  ui  incrW- 
If  the  acidosis  b  due  to  faulty  metabolism,  oxybul>-ric  add  and : 
substances  will  appear  in  the  urine. 
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Symptoms  of  Acidosis. — The  symplonis  up  to  this  point  may  not  ex- 
ceed a  degree  of  dyspnea,  required  to  climinttlc  ihc  liberated  COj.  When 
the  aeiua!  reaction  of  the  blood  becomes  noticeably  changed,  the  vaso- 
motor and  other  medullary  centers  are  al^w  stimulated:  especially  if  the 
change  is  acute,  as  with  intravenous  injection  of  acid.  With  further  rijc 
of  the  H-ion  concentration,  the  nervous  centers  become  depressed,  as 
also  the  cardiac  muscle.  The  effects  agree  with  those  of  excessive  CO* 
tension,  asphyxia  and  oxygen  deprivation,  and  diabetic  coma,  which  are 
really  forms  of  acidosis. 

The  final  symptoms  consist  of  coma,  convulsions,  depressed  respiration 
and  fall  of  blood  pressure,  etc.  Death  takes  place  by  respiratory  paraly- 
sis, generally  before  the  blood  becomes  actually  acid  (see  page  712). 
The  svmptoms  are  at  once  removed — even  in  the  last  stages — by  injection 
of  Na'aCO*  (F.  Walter,  1877). 

Toxicity  of  Adds. — Thii  varies  greatly  accordinjt  to  conditions.  In  cattle,  tor  In- 
stance. Berg.  1415,  somelimcs  found  canuderablc  tolctnncc  (0.H7  Gm.  of  UCl,  ss  0.0 
per  ii-nl,.  vein,  ptr  kilogram}. 

Respiralory  Ceoler. — Tliis  has  been  studied  by  Douglx;  und  Hatttane.  1009.  It 
is  also  iiimuintcd  by  the  direct  application  of  adds  la  Ihc  mtdulln  (in  ftngs).  The 
action  is  prupurtiunal  lo  the  H-i"ns  (Winterberg;  T.  B.  RoberUon,  19(1).  Winler- 
steln,  iQi ;,  finds  that  the  Injection  of  acids  inireasvs  and  ulkiilies  diminish  the  ventila- 
tion of  Uie  lungs.  The  change  is  always  parallel  to  the  K-ion  concentration  of  the  blood, 
butjnot  necessarily  to  its  COi  tension.  Il  isdear,  therefore,  that  the  t-nenlial  (actor 
is  the  li-ion  concenlratioQ,  and  not  the  COi.  However,  Kopaczewski,  1914.  beitcveB 
that  tlic  elTccIs  nre  not  due  to  the  H'ion  alone,  but  that  the  anions  or  Ihc  entire  molecule 
also  plity  Slime  part. 

The  ^pnea  [otlowing  on  excessive  respiration  is  due  todeQcient  COg  tension  and  there- 
fore lowered  H-ion  concentration.  Cluy'if-Stoka  teipiralion  is  attributed  to  alternate 
•ccumuUiion  und  oxidation  of  acids,  (Y.  Henderson,  iijio). 

Hemoglobin. — Incrc.tfcd  acidity  diminishes  the  aflinity  of  hemoglobin  far  oxygen 
(orcaibon  raoBo<id).  For  instance,  with  a  carbon  dioiid  tension  of  40  mm,,  the  oxygen 
percentage  must  be  doubled  to  etcurv  the  *amc  dfiirei-  of  siiluralion  (Harcroft.  1014). 

Djrspne*  in  Cardiac  Disease- — ^This  b  probably  partly  due  to  acidosis.  The  actual 
H  concent  rat  ion  is  not  much  altered,  but  the  diminulion  of  ir*rr\'c  alkali  renders  every 
incrrase  of  CO]  much  muic  iHectlvc;  for  instance,  tbf  reiplnitlon  is  doubled  in  decom- 
pensated patients  by  a  to  3  per  cent,  of  CO»  in  tlic  air,  while  normal  individuals 
require  4.;  to  5.5  per  cent.  Alkali  treatment  restores  the  reaponte  to  normal 
(Peabody,  1915). 

Vasomotttf  Center, — The  stimulation  (reflected  in  the  rise  of  blood  pressure)  hajt 
been  studied  by  Mathison.  19(1.  Pilcher  and  Snllmann.  igij,  found  moderate  and 
ttmpcirary  slimulntii.ii,  iiulcpendt-nt  of  bloiid-pie-iaure  (hanycs. 

Circulation  Rate  in  Man. — ^Tliis  iJiows  a  close  parallelism  with  the  Hion  concentra- 
tion of  the  arteriiil  blood,  and  therefore  with  the  oiygcn  consumption  (Bootbby,  1915, 
nitrous  oxid  methixl  of  keough  and  Lindhard). 

Perfused  Vessels. — These  arc  temporarily  dilated  by  weak  acids,  indudinc  COi 

iSchwari  and  Lembetgcr,  1911).  Alkalies  constrict.  This  has  been  generally  con- 
irmed.  In  the  Irog  mesentery,  the  minimal  ellcctive  concentrations  ate:  (or  dilalioQ, 
pKi:  fur  constriction,  fll  9  to  11.  Excised  arteriiil  nu;;:)  do  not  respond  satisfactorily 
to  acid.     They  arc  constricted  by  plli;  (I.  .\dler.  loili). 

Frog's  Heart. — ^The  automatic  contractions  continue  only  within  certain  ranges  of 
H  concenltalions,  which  differ  for  the  \'arioua  portions  of  the  heart  tOalc  andThackcr, 
iQtO.  The  sinus  requires  the  highest  HI*)  cuncenlratioo<H<*)  "  4 109.5);  the ven* 
tricUa  the  lowest  (H(*)  =  6.5  to  11). 

iMlated  Manunaliaa  Heart — The  effects  of  oriillzitig  kubsiances,  wMa  tnd  •IktUc*. 
■fe  dtscribcd  by  Locvunharl  and  Eyslcr,  ;<)ii.  Yanagawa.  1916,  findk  the  CoTOMry 
vea?*!*  cunslricted  by  incriyise  of  alkalinity,  dilated  liy  acidity. 

Penetration. — living  lissucs  resist  the  entrance  of  all  acids,  except  lalicylic.  Dead 
cells  are  permeable  to  all  {Harvey,  1014). 

Meta()olisin. — Acid  into^tication  lowers  gas  mel-,ibolism  and  heal  production  (Choo- 
»t«lt.  1  'io.i  I.  Small  (juantitits  o[  atidi  arf  said  to  iorfcnse  protein  destruction  (increased 
elimiimion  of  SO,  and  POt;  Dunlop.  iSq6);  perhaps  because  they  increase  autolysis. 

Tlw  clleili  of  iasfr  chanta  in  Iht  reaclion  of  body  lissues  must  be  rather  limited,  since 
thCK  are  K>  promptly  bruUKht  back  to  normal,     \\'hilc  it  can  not  be  doubted  that  such 
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cbsiign  nuM  have  in  Influeace  upon  mcubolUn,  tlw  Mturc  of  tlib  cm  uttti 
because  it  i»  complicaW  by  the  aciioos  ol  tbeM  nitMUaces  un  Uie  aiimeatatj  i     ^ 
The  latter  is  diSertnt  in  the  cnse  of  odd*  and  aUcolics.    Some  uf  ibe  «tbt>  Klkail^ 
require  separate  consideration.    Orionk  Aeidt  and  thdr  *alt*  arc  npMljr  ftami  M 
c«rb«nnlc  after  thdr  abiorption:  m  that  Ihev  act  »»  add»  only  In  the  •nnmliq'cnil. 
butaaalkalieuftcr  they  arc  abMrbed  (Buchhelis.  1888). 

Disiiitoxicatioin  ol  Adds  by  SalU.— KeutnU  alu  dimiabb  the  toxicity  <t  icidito 
ibc  fiih  Fundulus.  CaCl)  is  caniidentbly  more  edicieni  (t,  Loeb  tad  Watltatn  tttti 
The  t'lTccth  of  electrolytes  iHi  the  penetration  of  add  into1'*UMlu1uiova  andboMbr 
J.  Loeb,  191S. 

Effects  of  Increased  Alkalinity.— Slight  incivasc  Btitoahtn  nuy 
phynologic  processes;  a  few  arc  depressed. 

Vlrcliow,  >8j4.  ihowed  increased  motion  of  ipenwUMoo;  0«ule,  1878.  Ua-*ii 
Mfdiac  Miwity:  Bcthe,  i<fo^,  diminished  rhytlin^  movemcDij  of  tnedutc.  TtAMil, 
1906.  found  that  Mdium  bicarbonate  iocream  the  retUtanee  of  funiMut  tt  bet  ■ 
oxygen. 

Occurrence  of  CUnicat  Acidosis. — Acctimulation  of  acid  in  tbt  body 
occurs  whenever  the  climinalion  of  acid  fails  to  keep  step  wilii  lUpntftr 
lion.  This  may  happen  ilirouRh  rliminishcd  excretion  of  acid,  as  in  «in« 
nephrites;  or  by  increased  production  of  arid.  c%peciAlly  in  <liflurtMsa* 
of  metabolism  associated  with  deficient  oxidation.  The  most  lUtklaK 
examplejs  of  this  form  occur  in  diatieles;  but  minor  degrees  are  pren* 
in  fasting,  especially  with  low  carbohydrate  and  high  fat  income;  in  ;>oi«i- 
ing  by  P,  As  and  other  metalit;  in  iiarcoeiH,  etc.  Except  in  diabetic  ud 
uremic  coma,  the  acUl  docs  not  usually  rise  suffidcnlly  high  to  produn 
Bymptoms  other  than  dyspnea. 

Chomic  Criteria  0*  Addocis.— The  hydroficn-Ion  cmccntratloa  ol  the  blood  1<*<4' 
a  limlied  value,  uiicc  It  is  Dot  niaterially  altered  until  the  bicarbonate  ooMcatmiA" 
the  blood  hiu  fallco  grcsilly.  (.r.,  only  in  the  tarM.  tcvere  ca«c».  The  (MemiDitiMa 
minor  JcKrees  of  acidosis  de(irn<l«  un  the  direct  ur  iulirtct  catlniAiion  of  ibt  Uiv- 
bonate  ol  the  blood;  or  ol  the  climinalioo  u(  ammonium  or  acetone  lubitaacH^tk 
urine.  The  urine  futnithc(  only  qualitative  data  at  best,  lina  tt  CU>  bdlciteM^tb 
excretion,  und  not  Ilic  rct<-nliun  of  acid.  In  nepbritic  acfdoria  it  wnild  beaJMT 
deceptive  (l'c'''>™i>*.  'o'  v~  V»n  Slyke,  1916). 

EotinMtiaa  of  tlie  Bic«rboiiat«  Content  td  tlw  Stood. — Thb  f uttkbbM  ■  qunttUBn 
index  ol  the  noieniini  nlk.ili  »iore.  and  Its  dln^uiioii  is  therefore  the  nnot  tft* 
addo«it  and  llie  moil  accurate  gau^e  of  it*  Kverily  and  progren.  The  bieoilNMlx' 
be  detemuned  directly  by  mcaxunog  the  COi  libcmtod  bv  actdnhtkiB  of  Uw  fbf^ 
Normally, this  Is  5;  to  75  per  cent,  volume;  jo  per  cent.  Indicates  danitmn OMW 
30  per  cent,  is  fatal. 

Delermhiation  of  "Buffer-Value'*  of  Blood.— R.  L.  Lc%-y  and  RvwMTn;  H*l> 

V  ■-- 

expms  this  in  c.c.  of  --  HCl  or  NaOH  that  can  be  added  to  blood  wiibwtrhi^C 

its  ,11  ("Hmpic  buffer  value";,  01  without  chon^g  it  beyond  the  nonnil  j^l***"' 
buflct  value  ).  The  ^mnlc  buffer  value  Is  clinically  the  more  Inpottaat.  the  ^ 
oi  the  add  and  alkoii  values  gives  the  "total  buffer  value."  The  tinple  *«ill«^ 
averm^ct  o.tS  (or  normal  blood;  ncrum  average*  o.i  i  for  and»,  OlOJ  10  o.j  foe  lajH. 

Determinatioa  of  AUtaU  K«Mrr«  of  PlMma.—Thb  n  slated  by  MonioK,  it"- 
■SR,II,  i.f.  the  H-iun  cuntenlriiliun  after  removal  of  the  C0|  (by  ace»tlon).  ll^f* 
tti  be  a  vrr>'  delicate  inde^i  of  sddosit. 

The  aorm.il  vnhie  of  R^H,  vie.  8.$,  <orte(f>ond«  to  as  olvenlar  COt  lenrfai^y* 
45  mm.  Moderate  acidosis  ranfcn  between  8.0  and  8,3  {38  to  j j  ttm.  CO1);  ihnpJJ 
addmb— 7.;  (lo  mm.  CO,);coma«7.3  (it  mm.  COj).  .^n  R,H  ;.gcaii  beeooW"" 
by  the  orni  od mi nitl ration  of  alk.-kli;  B»lf  7.7  i(i|uir«  alkali  intra veanoiJy. 

Alveolar  Carbon  Dioxid. — indirectly,  the  carbuaate  content  of  the  Mcod  M*  * 
iudsc<l  by  ihc  nlveolnr  CO,  tention,  and  by  the  "olkaU-tcdcrancc  te«t"    The  «•* 

Ecrccntaee  of  i'Ut  in  the  alveolar  air  i)  Rcnerally  about  one-Ienlh  of  that  «hick  isal* 
tierated  from  the  oluma.  This  relation  hohU  for  normal  individuaU  and  tee^wy 
coma,  where  it  hatWeoutlliicd  by  It«ddard.  Pembrey  and  SprlKBs,  igi5;udI*nM* 
iQij.  It  don  not  ajiply.  however,  to  cntidliJaas  In  which  the  rapintion  or  dmtw* 
are  Mtioualy  dbturtml  (Van  Slrke).  It  b  abo  not  very  delicnte  ui  nephritk  ^™^~ 
(P«body>.  ^        -^     '  »- 


THE    REACTION   OF   THK   BODY 


Alkali  Tolerance  Test — When  the  bicarbonate  of  the  blood  U  lowered, 
larger  dosage  nt  alkali  is  required  to  change  the  action  of  the  urine  lo 
alkaline  than  is  the  case  normally.  This  increased  tolerance  for  alkali 
is  a  delicate  and  reliable  index  of  decreased  putcnlial  alknlinily  of  the 
body,  and  therefore  of  even  slight  degrees  of  acidosis,  iDcludiog  renal 
acidosis;  and  an  equally  reliable  crilerion  of  (he  process  of  the  addosis 
jlnd  of  the  need  of  alkali  therapy  (SelLards,  191 3;  Palmer  and  Henderson, 
1913;  Peabody,  1915). 

The  test  is  earned  out  by  giving  orally,  between  menU,  <  Gm.  nf  aodlum  bicarboD- 
tos  (to  valcr]  cvcty  two  hours,  unlil  llit:  urine  becomes  alkaline  to  litmus.  N'nrmally, 
BiB  ttean  with  the  first  or  at  most  with  the  second  doic  (the  f "  oE  the  urine  bein^ 
neduted  to  an  uvcrngc  of  7.6,  sometimes  to  8. j,  within  an  hour,  Palmer  and  Hendenon). 

I  Renal  Addosis. — ^Lighl  grades  of  chronic  nephritis,  with  norma) 
phenotpbihalcin  oulpiil,  usually  show  little  or  no  acidosis.  In  severer 
grades,  the  kidneys  fail  to  excrete  acid  properly,  and  thus  an  acidosis 
(diminished  potential  alkalinity)  develops,  which  h  fairly  proportional 
the  degree  of  phenolphthalcin  retention. 


The  alkali-retention  tet  shows  this  much  earlier  than  the  alveolar  COt:  th«  latter 
diminishing  only  when  the  phthalein  output  fnlU  below  10  per  cent,  in  two 

:rs.  The  actuji!  tifn-tiiiti  <■(  the  blocKl  i?  n<jl  ■nittt.'riaily  altered  cuecpt  lo  the  rxtremt 
;  80  thnt  even  in  urvmia,  the  symptoms  uie  not  commonly  attributable  (o  aciduiiU 
(Pmbody,  igi;).  The  acidosis  of  infancy  h  frctjucntly  connected  with  diminished  out- 
put of  urine  (Howland  and  Marriott,  1015). 

M,  Fischer,  1915,  refers  lo  acidosis  lioth  the  edema  and  the  CI  retention.     His 
Ifaeorin  have  been  cliscu^scd  in  another  place. 

The  toiicity  of  uranium  is  assoii.ited  with  acldusiA.  and  can  be  iilmini*hert  bj-  ad- 

lisicrinK  all 
KidCT,  1916). 


nunisicrinK  alkfllJ.     This  al°o  protects  the  uranium  kidneys  against  aDesthetlcs  (Mac- 


tiy  ft 
(Ma 


Asiatic  CkoUra. — Thisdiwasc  results  in  aconsidcrnbleloi^f  of  rcwrvc  alkali,  with  (be 
production  of  acidosis.  It  is  benclilcd  by  the  eaity  administration  of  sodium  bicat- 
Dooate.  0.3  Gm.,  increasing  the  dose  with  the  severity  of  the  symptoou  (Sellards,  1914). 

Diabetic  Addosts. — Dialietic  coma  is  essentially  a  manifestation  of 
acidosis  {Stadelmann,  1S83).  There  is  not  only  a  close  resemblance  in 
symptoms;  but  the  increased  elimination  of  bcia-osybutyiic  acid  and 
ionium  (Boussignault,  1850),  and  the  great  diminution  of  carbonates 
the  blood  (to  10  per  cent.;  Minkowski,  188S;  Kraus,  18S9)  furnish  <Urecl 
evidence  of  increased  acid  production.  .\ccor(lingly,  the  administration 
or  injection  of  alkalies  has  proved  successful  in  preventing  and  meeting 
this  condition  (Magnus-Levy,  1899).  The  success  is  not  so  striking  as  in 
experimental  acid-iutoxication;  mainly  because  the  acid,  in  diabetic 
acidosis,  is  primarily  within  the  cells,  and  thetefore  is  not  so  readily 
reached  by  the  alkali.  The  details  of  this  treatment  will  be  discussed 
under  Sodium  Bicarbonate. 

The  alkali  coiilii  also  be  furnished  by  the  administration  of  the  salLs  of  organic  add* 

CFoUn,  1996;  IJchtviti,  191 1 >.  or  by  Caor  .Mi;;  but  probably  not  in  suiEcient  quantity. 

^atpin^er,  1906,  suggested  incrciiing  the  formation  of  ammonia  by  the  odminblratioa 

V aaima-acidt;  but  his  result*  have  bcencbullcDgecl  by  Puhl  and  Mueozer,  and  by  A. 

Lo««y.  1906. 

Elimuuu).  Esscr  and  Locwy.  igii.  claim  that  the  injection  of  neutral  oi^-lnityric 
t*  aiffi  produce:  c>>ni.i,  ^i  that  the  diahel  ic  coma  <wuulil  nut  be  a  pure  acidosis. 
Origin  of  Beta -oi; butyric  Acid  and  Acetone  Sub6tBncea.^Tbcs<:  are  formed  nuiinlv 
by  the  uiidatioD  of  fatty  acids  with  cvea  number  of  carbons  (the  combustian  of  odd- 
Icatlun  ncidji  results  in  gUicosc;  A.  I.  Ringer,  igij). 
I        &Iarriot(.  11(14,  believes  that  o»ybutyric  add  is  normally  formed  by  tba  twxeltife 

Up.  oi  tatty  add-butyric  acid  (?)-=.elo-ace tic  ^cid^^' ^^^^^^SSl 

'   "  1 1  may  abo  be  derived  from  the  amino-acidaOcudn  nod  tyrosin)  of  protein,  but 
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liQt  froBi  caibohydratei.  ItUa  produttof  ordinan-  metabaliun,  but  b  aonullf M 
conplvtvly.  In  diabi'trs  this  wddation  U  dclcciivc,  bccauu  ihc  coniplctc  tod  . 
probably  demand*  the  aimultaneoux  oxidittiaa  of  glucoie  (peTl»[M  iknugb  the  lonr 
tkmof  aBlucoiidalcom^undiRinscr,  iqi*)-  The  partial  oritUtioii  tJ  tlir  Mf  Wwit 
acid  lead*  to  acetv-aceUc  add  ana  acetone,  vhidi  are  gcoerany  aiiodatcd  aflll  H  It 
diabetic  urines  <G.  Lii«k,  i^oq).  Tnu-es  n!  oxybutyric  add  occur  in  send  «pM 
(espocioH^  in  the  liver),  but  are  gicaUy  incicastd  In  phlorbliln  addoila,  aad  ofcodlr 
in  oiabetic  cams  (Siuia,  I9i4). 

Mottram,  i9i(,  rcfcn  the  prMcnce  of  acetone  iubttaBC««  to  mbrted  ottnclini; 
of  the  liver,  since  he  dndslhcmln  aII  conditions  thai  tbow  (aity  ia6ltratioM(Jthclh«. 
in  phlorhlcin  glycosuria,  the  ncidaus  may  be  de>;reased  by  feedioic  pnfuiat  [Bta^ 
diet  and  CKtcrbos,  1914);  whereat  incrcawd  protein  intake  often  increatailnXitoM. 

In  Bornml  subjocta,  100  c.c.  oJ  blood  oonUina  lou  than  1  .s  mf-  ^  acel»«(itk  arid, 
and  )e«a  than  4  mg.  of  raybutyric  ftdd.  In  addoiis,  the  praporUoD  nay  iIm  to  al  nc- 
of  acetone  and  4$  mg.  of  oxybutvric  add  (Mn[ri>>II,  1Q14). 

luetic  AddoiuB.— I^clic  acid  appMni  in  the  blood  after  violent  CuldM,  MiJcM^ 
spuuiu,  and  phosphi>ru«  puisonin^.  It  ba*  abo  been  found  in  the  urine  «Fw  wofc 
convulMoos  (UndrrhiH).  The  lactic  acid  i»  dcrivwl  from  glncocH;.  for  it  ibsiMMnr 
in  ||lyco)[en-fr«c  anlnuU  iT.usIc,  ioi6). 

Creatfa)  Blimination.— Thii  appcir*  to  lie  connected  with  addoik  la  irtwh 
Underbill,  1916,  Gndt  that  iicid-produdna  food*  (oata  and  com)  cau*e  Ibt  tf^mutt 
of  crcatin  in  Uic  urine,  and  (hit  h  removed  by  base^irodudns  (oodt  (caitot>). 
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General  StatenwDt. — These  arc  used  mainly  for  their  local  acti«  <s 
digestion  in  ga.«tric  hypoacidity,  etc  The  si>aring!y  stdubte  aod  «ll* 
(ucid  potassium  tarlratc)  extend  their  action  into  the  intct^tinet,  and  in- 
duce cathar^s.  After  ahsorption,  the  mineral  acid^  and  ihcir  sail  Alt* 
increase  the  acidity  of  the  urine,  and  are  emptoycd,  ustially  with  bt* 
methylenamin,  again-it  ammuniacal  fcrmentaiion  of  the  tirine.  TVf 
are  uirlher  used  as  antidote  to  alkali  poisoning;  b$  local  MUiiign'* 
against  eiccssivc  perspiration;  and  aa  local  hemostatics. 

Action  on  Digestion. — The  reacliorof  the  gastric  and  iHtrstiial  (O*- 
tents  modilies  the  activity  of  the  motor  and  secretory  fuoctiuiu,  aid  f' 
the  digestive  ferments.  The^^e  effects  may  give  rise  to  digcstin  ifiiltf^ 
anccs,  or  be  utilized  for  the  correction  of  digestive  disorders.  Th«  fe»»l" 
depend  on  the  condition  of  the  aliroentarj- canal,  and  therefore  00  ih*''*' 
of  admini.itnilton,  as  well  as  on  the  dose  and  concentration  of  the  idd. 

Action  in  the  Mouth. — Acids  have  a  characteristic  "sow"  tA>M,1^ 
are  slightly  astringent  in  the  mouth.  This  taste  determines  their  m  ■* 
flavors.  They  soften  the  enamel  of  the  /crtA,  an<l  nhoutd  iherdoit  l« 
taken  through  a  glass  tube.  Tliey  also  rcficxiy  increase  the  flow  of  mIm 
but  this  i.4  of  little  practical  importance. 

Use  in  Fevers.— The  addition  of  acid  malMs  it  enilcr  to  take  Lancer  quantitiu  «toU 
water  than  cuuld  conveoleiatly  be  taken  without.  Tbey  are  therefore  ot  Ottoftnt 
value  in /nvM.  nben  one  triiiict  to  obtain  it  the  himc  lime  Ihc  refrigerant  atttoa  el_*ff 
and  the  diuretic  cffeet  of  laicc  quantities  of  Duld-  It  «->»  bclicrcd  thai  ike  iBlMg 
ol  the  liiaun  is  raised  in  febrile  ooniUdons,  and  that  this  ia  coualeracud  by  addb  TM 
modern  idea*  render  this  doubtful. 

Action  in  the  Stomach. — The  presence  of  acid  ts  important  for  ^ 
digestion  ol  protcin.i  and  connective  tissue;  for  the  control  ol  the  pj^** 
wpninctcr;  and  for  its  antiseptic  properties. 

Coitrie  Acidity. — Pure  human  oaxlric  juice,  pa ikologle  at  wtli  at  Dormal,  t*  (kr«' 
with  about  0.4  to  o.  J  per  cent,  of  free  HCI  (Rocdcr.  1905'.  ReUim  and  Ila>fc.  H'l^ 
CariMB,  191s)  the  vamt  asindogiorckts.  TbI&catTc^aMWta^>o.oj  to  1  (!!«»• 
»9"S)- 
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This  acidity,  however,  i»  not  normally  maintained  tn  the  stoSicn,  the  acid  being 
rapidly  neutralized  by  the  saliva,  the  mucut  and  the  retlux  oi  duodenal  coolcnu.  to 
o.iS  or  o,i  per  cent.  HCI  (Botdyrell).  The  breakiiiK  duwnol  this  mochaimra  appean 
to  be  the  ba&is  of  " hyperacidity,"  in  which  the  aclil  rcninini  at  the  uime  canccntration 
(0,5  per  «Qt  HC!)  at  wliich  it  was-ietreti'd  {C'flrlM>n,  i«i5l.  The  curve  of  the  acidity 
durinti;  normal  digef^Uon  has  been  itudicd  in  man  by  MeClendon,  19:5.  He  «l*o 
dctcrmmed  the  faydrogen-ion  concentration  of  human  diiixirnal  tonlcHli,  vii.,  II''*''  ••  j 
Xio-'. 

Libtralhn  ofBCl. — The  mcdianiim  by  which  HCI  i»  liberated  ii  not  fully  ntablinhed. 
Koeppr,  iRc]6,  suppuees  that  it  is  formed  in  the  xtomoch  from  NaCI:  ajvtuming  that  ihe 
epithelium  is  permtabte  to  Na  and  not  to  CI  ions,  the  sixllum  would  diffuse  oul  of  the 
stomach,  and  H  ions  would  diffuse  into  It.  The  theory  requirm  further  proof.  Ham- 
mctl,  iQiSi  coniirms  Fitzgerald  that  the  acid  cxlsti  in  the  bodie*  and  canal iculi  of 
ihc  parietal  cells. 

Pyloric  Control. — Free  acid  in  the  stomach  incrraMS  the  pyloric 
peristalsis;  il  closes  the  cardiac  and  opens  the  pyloric  sphincter.  How- 
ever, the  presence  of  free  acid  in  the  duodenum  closes  the  pyloric  sphincter 
until  the  acid  is  neutralized  by  the  intestinal  juices.  Moderate  gastric 
acidity  therefore  hastens  the  discharf|;e  of  food  from  the  stomach,  but 
excessive  acidity  prolongs  the  sojourn  l^ecause  it  can  not  be  promptly 
neutralized  in  the  duodenum  {Cannon,  191 1). 

Tlie  controlling  intiuencc  of  adds  on  the  cmptyinf{  of  the  itonutch  appears  to  Iv 
exerted  mainly  Imm  the  duodenal  side;  clinically,  the  time  •>(  diw:hnT|{c  i«  n'ten  normal 
in  achyliki  and  gastric  slaiii  of  ten  exists  in  h>iierclilorhydriu.  In  Fasting  aneithetiicd 
iofi,  water  is  tUiu^arged  from  the  stomach  more  promptly  than  any  degree  of  acidity; 
•ads  csasiag  a  delay,  praporlionnl  to  Ihcir  onientration,  Duodtim  ntur|ifiiJwH 
btcins  with  0,1  per  cent  HCl  (W.  E.  Morse,  ioi6». 

Foods  also  act  on  the  add  regulation  of  the  pylnnit:  protclni.  by  binding  th«  add, 
prvloog  the  Kjoura;  mi  do  lati,  by  binding  the  duodenal  alLtli.  Carbohydratet  ut 
indiScrenL 

Relation  of  Gastric  Pain  to  Acidity. — The  pain  of  ga»tric  ulcer  has 
been  attributed  to  direct  irritation  by  the  free  acid.  However,  it  appears 
to  be  indirect,  due  to  the  increase  of  ga.'itrtc  peristalsis  and  tone,  and  py- 
loric spasm. 

Ib  bunua  lubjccts  with  nornul  stooiaclii.  Lores  thai,  iSqi,  found  no  senutioe  from 
S5OCC0J0.J  per  cent.  ilCL  With  0.5  per  ecat.  tbcee  wa*  lometimci  a  warm  icniatioa, 
Mt  nofMln.  Other  obacrverf  report  abuacc o( lay  MaMtlon  witho.j  t>er  <eni.  J.  F.. 
Sdundt,  1909^  tound  no  lymptonu  witli  OtJ  to  z  per  cent.  With  J  per  cent..  Boring 
ywioftf  a  trntatinii  riottilar  to  hiiiwrT-painti 

Tb*  UMilts  OB  patkats  wttln  gutnc  ulocr  are  more  variable.  Pain  wm  sococtioMS, 
but  Bot  8lwa>-spTt«ent.  after  0.1  too^percnt.  HCI  Ginsbtu^el.  at,  igtA,  find  that 
the  pain  b  always  accompaiucd  by  itiMMoaatnctiatM.  iaificaiin^  that  it  i*  dae  to  lemicti. 
Thk  waa  relaxed  by  alkalies  or  amyl  afmtc;  strcosUbcncd  by  pttaliary. 

DIfestive  Action. — Pepsin  acts  only  in  the  presence  of  free  add. 
While  any  add  may  answer  for  this  purpose,  bywocbloric  Macros  to  be 
tftt  best,  and  is  most  ef&ient  in  the  concentration  existing  in  the  gastric 
tecretioa;  it  also  aids  in  the  tMution  of  the  (xmrttclhe  tiitite  of  meats;  and 
it  detemuses  tbe  aatiseptic  qualities  <^  gastric  juice. 

The  ia^aXMn  till  dilute  add  abo  increaxs  the  McretJon  of  s^^tric 
joke.  Tliis  effect  is  partly  reflex,  for  it  is  ob$cT\-cd  in  Pawlow't  separated 
stciinacb  (Bickel,  1905)  but  only  when  it  is  pven  with  food  (Hcioshciiiwr, 


ia  tha  Stoatacfa.— Very  ^islit  ae^ty  accekniM  the  actioa  of 

hrt  tomfhat  tima^ii  coaccaUaiMM*  dcprcM.    However,  ih*  b«lk  of 

for  u  hew  er  More  b  lb*  cardhc  ptMO,  with  eaiy  the  wuimut  Uycr 

by  add  (tlcjrdr  aod  Grwetzan).    SaSvuy  «Bg«faa  pfoccada  prarfif^y 

' — '-  -  thk  bHB  (Cmmos,  191 1  j. 
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Pancreatic  Juke. — The  flow  Ls  incieascd  by  adds. 

TltL<  actiiiii  U  pvrbaf)*  partly  rcDcx,  but  It  ha»  bom  >hovn  i  Bi/Um  utd  iwliap 
1901)  that  the  preMDce  of  add  in  tlie  jejuiuin  leads  to  ihr  pro(lucliuDu(  tcbankH^ 

itanCG,  "tccTCtia,"  the  iotravoious  ioieclion  of  whidi  itimulatci  the  ponatu  U  Ir * 

aecretioD. 

Bile. — The  secretion  of  hile,  and  the  conlnKriion-i  of  the  ([jlHiUiH 
are  Increased  by  the  intrcKl action  uf  acid  into  the  duodenum  (Okada,  i^ij)' 

Use  in  Indigestion. — Acid.4  arc  adniinisiervd  In  dyspepsts  ib  nhicltj 
the  stcrclion  of  acid  Is  deficient;  in  piitrcfactiw  fctmcnlatioo;  and  (■ 
infantile  diarrtic-iii  due  to  this  cause.    All  mineral  addH  act  alike.   Ddalc 
Hydrochloric  Acid  (i  c.c,  diluted,  jUKt  before  or  after  mcab)  isgenenlly^ 
preferred.    It  is  often  combined  with  bitter  stomachics. 

Acids  arc  contraindiralcd  in  ratarrhnl  condition.*,  in  which  ikitl 
a  hypersecretion  of  mucus.  Even  in  normal  individuals  the  pralngci 
adminiAi ration  of  large  quantities  of  acid.*  is  apt  to  prove  too  ifnuoL 
and  interferes  with  digestion,  llits  is  the  explanation  of  the  p<mhi  w 
of  vingcar  to  reduce  obesUy.  A  direct  UmiuUon  of  diet  wiM  Mtm  1 
more  rational  means  lor  this  purpose. 

It  h(Li  been  objfctftl  that  doM4  much  itH«tcr  than  tlic  ordlaaiy  houU  ben)M 
to  restore  the  oormiil  adilily.  However,  when  laktnafurmMltitlieacUimiUteC* 
lined  to  Ihc  surface  iif  Ihc  food-moM  and  would  Ihrrdorc  Hiflcf  Utile  dBlitJMt 

The  LncrcaMcl  flow  ulp&ncrcatic  Juice  and  of  bile  Uptobably  laoiratUtobri'Mr 
value. 

Lactic  Acid  Organisms. — These  were  introduced  with  the  obj«t  J 

supplying  the  antiseptic  action  of  acids  to  the  intestines,  in  in£ind( 

diarrheas,  etc.;  but  they  have  not  fulfilled  these  expectations  very  »u^ 

factorily.  They  are  discussed  in  N.N.R. 

Combined  Acid.^In  order  to  avoid  the  irritant  effect*  of  free  acid,  twH  KJJm^ 

founds  have  been  .idiiiinjhtftfil  l«  liberate  their  acid  gMdually;  »u<h  arc  AcUol^^ 
ydrochlorid)  und  Oxynlin  (ucid  prulcin).  H<iwev«f,  thoy  arr  therajieutkaSr  MdM 
Long  and  Hull,  igij,  showed  that  the  ijuactity  of  acid  bound  b v  pruicin*  ii anllt ** 
nlic  and  don  not  depend  simply  on  die  H-iuob;  but  It  h  w  smaU  thai  ii  barefy_«ffM 
lor  the  digcitian  of  the  combined  protein.  B«tani  hyxIrocUorU  b  mm  kIik  W 
(till  below  therapeutic  elficicncy  (T.o£i8,  iijis)- 

Action  on  Urine.— -The  administration  of  acids  increases  the  acidly i' 
the  urine.  This  leads  lo  an  increojed  irrUabilUy  of  the  ntwcow  iftf" 
of  the  urinary  passages,  so  that  inorgank  adds  are  to  be  avdded  is  >" 
ioQammatory  conditions  of  these  organs.  They  must  also  be  *"'^ 
where  there  i»  a  tendency  to  the  formation  of  uric  acid  or  oxalate  c-tCf^- 
On  the  other  hand,  they  arc  intticated  with  phosphatic  calculi.  Thej-  if* 
used  esjieciaily  to  enhance  the  action  of  hexamethylenamin  (see  Imlcil- 
It  may  be  repeated  that  they  increase  the  animoiua  of  the  urine  at  ikl 
expense  of  the  urea. 

Effects  upon  Metaboliian. — Outside  of  thiacltaiige  in  the  ratiool*' 
tnonia  and  uica,  these  are  quite  small,  as  far  as  our  pnrsent  moustOt* 
us  to  judge.  The  excretion  of  nitrogen  seems  to  be  pretty  coitttaaUf 
slightly  increased. 

Applied  directly  to  excised  orgaHS — muscle,  nerve,  etc. — the  r*ll 
is  an  increase  ;ind  subsequent  diminution  of  function. 

Organic  Adds.— The  local  actions  arc  along  the  same  lines  a»  tJmt* 
the  inorganic  adds,  but  preiient  important  dtffcrcnccs  to  dctaOt  TteT 
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are  little  used  in  digestive  disorder*.  Their  systemic  aeiions  are  quite 
different,  since  they  arc  for  the  mmt  pari  burned  in  the  body.  They  are 
therefore  more  conveniently  diecussed  in  connection  with  their  salts. 

PREPARATIONS— DILUTE  UINKRAL  ACIDS 

These  have  a  uniform  strength  of  lo  per  cent.  They  are  colorless, 
odorless  liquids,  of  strongly  acid  taste;  miscible  with  water,  alcohol  or 
glycerin.  Thev  are  tncompnliblf  with  alkalies  and  Ihe  sall.i  of  weak  acids 
(carbonates,  salicylates,  sulphides,  sulphites,  etc.)-  Dost,  i  c.c,  15  min- 
ims, U.S.P.;  o..t  to  I.I  c.c,  5  to  20  minima,  B.P.;  in  one-halt  tumbler  of 
water  after  meals. 

*AciduiH  llydruchhricum  Dilutum  (Acid.  Hjrdttx:hl.  Uil.),  U.S.P.,  ^.\'.—IncempalihU 
also  witli  s&lu  of  A^  :intl  t'ti. 

Acidum  XilrUum  Diliilam  [\dA.  Nit.  Dil.},  B.P. 

(^fW,  S'itrohydrockt.  i>i/.— Set  IndwJ. 

Acidum  Plwphoriam  (Acid.  Phos.).  Ij.S.P.;  Acid  Plmph.  Cont.,  B.P.— 87  per  cent, 
of  HiPOi,  U.S.P.:  00  per  cent.  H.P.     Colotlcis,  odorlcw  »>*rupy  liquid. 

Aiid.  Pk<<3.  Dil..  U.S.P.;  Afid.  Phaifk.  Dil.,  B.P. 

Acid.  Salph.  Dil..  VS.1'..  B.P. 

Acidum  Sulphutkum  Aromaruum  (Acid.  Sulph.  .\rom.),  U.S.P.,  B.P. — An  nlcnliolic 
dilution  o(  iulnhurit  acid,  flavored  wilii  ginger  and  cinnamon.  Contains  free  Milphutle 
acid  and  cihylsulphuric  acid  cquivuJcnl  lo  aboul  jo  pi-r  tout,  of  H,SOi,  U.S.I'.;  jIkiui 
[4  per  cent.,  B.l*.  .\  clenr,  rcddish-btown  liquid;  [ilca'am  jnimatic  odor;  iotcnwly 
«dJ.     lioit.'i  c.c.  1,!  minims.  li.S.P.;o,j  \a  i.i  c.c,  5  to  ao  minims,  B.P..  diluted. 

It  is  doubtful  whether  it  noucssc;  any  advantage  over  other  acids.  Ethyl-sulphuric 
Acidacts  iilmply  a<^  a  mineral  acid  (Uyedo,  igto). 

Inf.  Koi.  jl(«f..B  P.—:. 55  pet  cetv  .  .\cid.  Sulph.  DU.,  ».s  p*r  wnt.  dri«d  rose  pelab- 
Doie,  1$  to  joc.c,  }4  to  t  ounce.,  B.P. 


SODroM  BICARBONATE  AND  OTHER  MILD  ALKALIES 

General  Statement. — Sodium  and  potassium  bicarbonatcs  urc  used  as 
liquefying  expectorants,  and  to  dissolve  mucus  in  otlicr  catarrhal  condi- 
tions. Sodium  bicarbonate  h  particularly  useful  for  nvul ralizing  hyper- 
acidity in  digciitive  disturbances.  Magnesium  oxid,  or  magnesium  or  cal- 
cium carbonate, acts  more  persistently,  but  less  promptly  and  efficiently. 
Excessive  doses  of  alkalies  disturb  digestion  and  produce  diarrhea. 

The  systemic  effects  are  utilized  for  combatmg  acidosis.  Smaller 
doses,  especially  in  ihc  form  of  potassium  bicarbonate  or  citrate,  are 
used  in  rheumatism  and  gout.  Their  action,  if  they  have  any,  is  not 
understood. 

The  administration  of  alkalies  increases  the  flow  of  urine  and  reduces 
its  acidity  or  renders  it  alkaline.  This  is  useful  for  decreasing  the  Irrita* 
lion  in  cystitis,  and  lo  prevent  the  formation  of  urate  calculi. 

Sodium  carbonate  is  too  irritant  for  internal  use. 

Effect  on  Mucus.^&lucin  is  more  soluble  in  alkaline  media,  so  that 
ihe  alkalies  dissolve  any  accumulations  of  mucus  or  render  them  more 
fluid,  .i^t  the  same  time  they  increase  mucus  secretion  through  a  mild 
irritation. 

Use  in  Catarrhs. — Mild  alkalies,  especially  bicarbonate  and  borate, 
are  used  a.^  a  vms-h  or  gargle  (1  to  4  per  cent.)  in  .-ill  kinds  of  catarrhal  con- 
ditions;*as  expectorants;  in  cystitis,  dysentery,  etc. 
4a 
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Removal  of  False  Membranes. — The  false  membranes  of  diph^ 
croup,  etc.,  art:  abo  composed  largely  o(  mucus,  and  may  bebrokt»4na ' 
by  alkalies.    They  are  best  emiiloyed  in  this  case  la  the  form  of  t  »aa 
saturated  with  lime-water,  commonly  prepared  by  inhaling  tbe  vipon 
produced  by  slaking  lime  in  the  sick-room. 

Use  on  the  Sktn. — Alkalies  arc  also  employed  to  soften  tbe  oeU 
in  eczema;  as  a  soothing  lotion  in  dermatitis  and  burns;  to  le&cvciUb- 
Ing,  f  ic. 

Action  on  Normal  Digestion. — Strong  alkalies,  including  sodhun  at- 
bonate,  produce  local  irritation  and  gastritis.  The  weaker  alkalies,  Sid 
as  the  bicarbonates,  would  also  tend  to  interfere  with  normal  dignoea 
They  tend  toinhibit  the  secretion  of  digestive  juices;  the  activity  of  prpsii, 
the  ga.slric  perislalius  and  the  opening  of  the  pyloric  i^phincter  (Ctstwo. 
191 1);  the  proteciivc  action  of  the  mucus  and  the  antiseptic  action dtbt 
gastric  acid.  They  might  be  conceived  to  aid  the  digestion  ol  Eals;!*!! 
the  inlcstincs  arc  normally  sufficiently  alkaline. 

In  fact,  however,  these  detrimental  actions  are  very  slight,  and  tbt 
utilization  of  the  food  i»  practically  perfect  (unless  excessive  doMS  is 
taken) .  because  moderate  quantities  arc  rapidly  neutralized  and  absortcd.' 

Secretion  of  Gastric  Juice. — It  was  foTmerty  claimed  that  Ab  I* 
stimulated;  bui  practically  all  of  the  later  experiments  indicate  thUilti 
rather  diminished  both  in  quantity  and  acidity  fPawlow,  1897:  Bi^' 
1905;  Heinsiieimer,  1006;  Rosfiibtatl.  1007;  Wllbrand,  1914;  Chiari,  1415) 

Pancreatic  Secretion.— This  is  dimuiisbcd  by  the  oral  adminstntita 
of  bicarbonate  (Wilbrand,  IQ14). 

Ferments. — Diiistases  arc  hindered  by  free  alkali,  being  very  scoaiin. 
Pepsin  is  also  inhibited  or  destroyed  (Hamburger,  1915;  see  under Soiina 
Cmorid).     Trypsin  can  act  in  a  weakly  alkaline  medium. 

Use  of  Alkalies  m  Digestive  Disturbances.— While  alkalies  are  nll>n 
indi(Tcr«nl  or  disturbing  to  normal  dixestinn,  they  are  very  iwf*!  '* 
restore  the  normal  conditions  in  digestive  diseases. 

(iaslric  Catarrh  and  Dilalalwn.—lhe  alkalies  <ltssolve  the  ewtn''* 
mucus  which  lessens  the  permeability  of  the  walls  of  these  ofgaas.p*' 
venting  at  once  the  pouring  out  of  digestive  juices  and  the  sbaoijitiM  irf 
the  digestive  products.  This  mucus  K>nns  a  similar  i m permease  cMlitl 
about  the  masses  of  food.  Further,  the  mere  presence  of  a  targe  siwatt 
of  indigestible  material — and  tenacious  mucus  must  be  regarded  at  iv> 
— is  in  Itself  irritating.  Lavage  with  i  per  cent,  bicarltonate  is  iht  iM»l 
efficient  treatment  of  these  conditions;  but  tbe  alkali  may  abo  be  gitta 
with  an  emetic  or  cathartic. 

Intestinal  Catarrh  ami  Catarrhal  JaundUe.~~'TVie  alkalies  are  sinib)^ 
useful.  (They  do  not  increase  the  secretion  of  bile;  Rutherford,  tSjf ' 
In  intestinal  affections,  the  slowly  soluble  alkalies,  magnesitun  oi>l '' 
magnesium  or  calcium  carbonate,  may  l>c  pa-fem-d,  so  that  they  wtDtA 
be  neutralized  before  reaching  the  intestines.  A  saline  cathartic enha)"* 
tbeir  usefulness.  This  combination  exists  in  se%-eral  mineral  waters  (M- 
Caiisbad).  For  infants,  lime-water  is  generally  preferred  to  the  ct^ 
alkalies. 

Gaftric  Ulcer. — Alkalies  are  useful  by  diminishing  the  quantity  »w 
addity,  and  therefore  the  irritation,  of  the  gastric  juice.  They  ^ 
permit  the  destruction  uf  the  pepsin  through  sodium  chlorid.    6isii>''_ 

■  l^t  IHaratm*  DO  >UaUe>  te  ■■«o'*ta*md  ia  Iha  wvrkofSuddi 
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subcarbonftte  is  preferable,  because  its  action  is  more  prolnnned,  and 
because  it  adds  a  mechanical  protection. 

Ao  cfficicDt  routine  for  codIIduoub  alkali  ucutmcDt  Cor  Rastrlc  ulcer  is  cIcKtibcd  by 
Sppy.  1915:  Soft  food  ispvwi  every  hour.  Midway  between  the  (eedings.  the  patient 
nceivea  an  alkali,  atlcriiHliag  between  (1)  mngncisin  nnd  Kiilium  birArbunalc.  eacli  i>.(>$ 
Gn,  10  grs.,  and  ( 1)  bismuth  subcorbonaie.  o.d;  (iin.  10  grs.,  with  Mfdiuni  bicar- 
^mittT.  a  Qm.,  }o  i£!i.  The  progress  is  cant  rolled  by  the  reaction  of  the  ttomnch 
COBtUts.  wbich  should  not  be  allowed  to  become  acid. 

Gastric  flyperaculily;  Fundiontd  Dyapepsias,  Jlcarl-tmrn;  Gaxtrie 
Flatulence,  Etc. — In  these  conditions,  the  soluble  alkalies  (sodium  bicar- 
bonate or  aromatic  ammonin)  are  commonly  uaeii  and  efTeclive.  They 
neutralize  the  excessive  acid,  relax  the  spasmodic  pylorus  {Enriqucz, 
BiQet  and  Gaston  Durand,  1914),  and  thus  empty  the  slomacii  and 
lessen  the  pain  and  irritation.  The  CO]  whicJi  is  liocratcd  stimulates  the 
gastric  movements  (Schierlreck,  iSgi),  and  promotes  the  expulsion  of  the 
gas.  It  acts  perhaps  also  as  a  mild  local  iuiesthetic.  The  bicarbonate  is 
usefully  combined  with  an  aromatic  carminative  (peppermint)  and  cathartic 
(rhubarb). 

Timr  of  Administration. — This  has  given  rise  to  much  theoretical 
and  unproductive  discussion.  The  alkalies  should  evidently  be  given 
when  ihc  digestive  conditions  call  for  ihem.  This  is  l>eller  recognized 
by  the  symptoms  than  by  rules.  The  soluble  alkalies  (bicarbonate,  i  Gm.; 
aromatic  ammonia,  2  cc;  for  infants,  lime-water)  should  be  administered 
whenever  they  are  indicated  by  gastric  distress,  and  repeated  as  often  as 
needed;  also  at  bedtime  and  on  arising.  For  intestinal  effect,  they  should 
be  given  on  an  empty  stomach. 

OI>esity.^Alkalic5  arc  sometimes  used.  Th  ir  efltcts  »■«  probably  du  to  dUtuib* 
ance  of  diKc^tJon. 

Use  in  Arterial  Hypcrtensioa. — Full  doses  of  alkallc«  temporarily  lower  the  atiertal 
pressure,  probably  as  a  result  of  the  nausea.  The  benefit  is  doubtful,  SehelTer,  i^oA, 
■dvocated  sodium  silicate,  but  bicarbonate  accomplishes  tfac  same  rciull. 

Use  of  Alkalies  ia  Acidosis. — Their  rationale  has  been  discussed  (page 
717).  The  alkali  must  be  administered  in  large  quantity.  This  can 
best  be  accomplished  by  sodium  bicarbonate.  This  has  the  advantage 
over  the  carbonate,  and  especially  the  hydroxid,  in  that  its  actual  alkalinity 
(OH  ions),  and  therefore  its  local  action,  is  much  lower;  while  its  potential 
alkalinity,  and  therefore  its  neutralizing  power  is  not  very  much  inferior. 

Neutrathins  Peurr  of  Alkaiiis. — To  neutralize  loopottiof  10  per  cent.  HCI  requires 
the  following  (|uantitie8  of  the  official  sodium  sails:  ai:etate'  —  37.3;  citrate'  =  3  J-6; 
bicarbonate  =•  33.3;  carbonate  =  17.1;  ealdum  carbonate  =  13.8;  sodium  bydroiia 
=  ia.»;  magnesiura  oxid  =  S'S- 

Administration  and  Dosage  in  Acidosis. — The  use  of  the  bicarbonate 
should  not  be  delayed  until  coma  has  set  in,  for  it  may  then  be  loo  late. 
It  should  be  begun  with  the  appearance  of  acetone  substances  in  the 
urine.  The  initial  daily  dose  by  mouth  may  be  30  to  45  Gm.,  1  to  i^^ 
ounces,  in  divided  doses  and  freely  diluted,  best  between  meals.  This  may 
be  raised  to  100  Gm.  or  more. 

These  lar^e  doses  gcnera]ly  produce  a  raibartie  effect.  This  pursins  may  not  be 
entirely  UEtele^.  for  it  is  conceivable  that  Ihc  uncii;rtying  cause  of  tne  diahelc<  is  found 
in  toxins  formed  in  the  alimentary  connl.  At  all  events,  plain  purges  have  been  found 
Dscful  in  such  cases,  and  so  has  pilucarpin,  originally  used  OD  the  theory  that  It  helps  the 
ctimlnalioD  of  the  "toxins." 

■  After  «ombu«lluo. 
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Afltr  coma  has  sel  in,  Uie  oral  administration  may  be  continued,  i 
"drop  enemas"  of  a  4  per  cent,  ^lution  may  also  be  given.  Hovcm, 
Uiese  can  not  be  relied  upon  to  secure  sufficient  absorption ;  and  t!b(  Hat' 
bonatc  should  be  injected  slowly  by  vein  (1,000  c.c.  of  4  lo  6  peranL 
sterilized  solution).  The  heat  of  sterilixation  drives  off  some  of  Ibt  CtH. 
and  thus  converts  part  of  the  bicarbonate  Into  the  carlmnate.  TUsi> 
highly  coiTO^vc  to  the  subcutaneous  tis.<iue.  The  ordinar>-  eolutioni  Draft 
therefore  never  be  injccied  hyijodermitiilly,  or  even  allowed  lo  esafx 
from  the  iatrav'eaous  injections;  for  serious  sloughing  may  result. 

Uypiutnmk  Imjrflion  ef  Pure  Bi  atbonatr  Soliilion. — II  the  wilutioa  U  lltti  'Ml 
NofClii  by  Mtuntiing  it  with  C!0)  uniil  it  ix  colorksi  lo  phenolphtltaleia,  i*  don  Ml 
cauK  nccnwis  and  only  vciy  tlighl  I  riUilion.  ItUHnui"I.ti'y,  lutj^  uu\  CjiplL 
■914,  advocuir  thi?  h)-po(l«'Tmic  use  u(  a  liter  u(  a  i  per  cml.  xitutlun  at  Ihlt  iitits, 
(oltuw  up  llic  rnlravvnou'  injrrllon;  or  if  the  latter  present*  ipccial  d>ffindliB(<**^ 
timet  the  tl»w  bccnmci  arrtsltd). 

Acidosis  and  Alkalies  on  Sugar  Metabolism.— .Aside  from  tl*  an- 
trulii:;\lion  of  the  acido^^is.  alkalies  arc  ui^elul  in  diabetes  by  (ffaiDOtiai 
the  utilization  of  sugar.     Acidosis  tends  to  produce  hypcrgh-ccmia. 

Pavy  and  Oudilen.  1911,  obicrt'eil  1I14I  the  injection  i>f  alkali  pcevenu  Mtt 
chloroform  elycoturia.  F.tia«.  1013,  ^nwcd  that  the  injection  ol  acid  nraduot  lirT0' 
xlyccmia;  wtiertas  f^irdinic  alluli  rcnio^vs  huoscr  diabctn  and  dlminahcb  |iHanfc 
£abele».  Underhlll.  iui6,  fuuod  that  alkAlI  alio  Inwers  epinrfititin  cbTwtrii  b 
«  n*c  of  Kcvere  human  diabetc*,  Urge  dotes  of  alkali  tnarliedl)'  decrcued  tbi  ns 
excretion  and  raised  the  caifMhydrsle  tolerance. 

Mudiii  and  Kramer,  1916,  conGriniil  Ihnt  the  injectiao  oi  alkali  nippreua  ik pr 
OMuria  of  dcjiancrcalcd  aniiRtU.  or  nt  \rntly  lowers  the  D  -t-  K  ratio.  Tbt  lafbsWT 
quotient  dH-s,  and  the  bluod-^ujcir  iind  llic  iilyeoRen  arc  not  iiKreowd.  M  thii  i^i* 
tnust  be  an  increoHd  combuKlinn  of  :iUKnr. 

In  normal  liogi,  alkftli  injection  dori  cml  increase  the  rvtciiraiory  quoUcol,  ''*■' J^ 
to  Inhibit  f;tyco^enI)lv!lis  (Kramer  and  Markvr,  igt6),  uia  lacrMMa  tlw  tk|Mln** 
Ipjecled  dcilrotc  in  Inc  liver  (Mairlcod,  1916). 

Inlravemnts  Bkaibonale  in  Shock. — This  often  gives  better  rewillstl'** 
plain  saline  infusion;  the  rise  of  blood  pressure  being  more  sustaiocduil 
the  respiration  deeper  (Scclig,  Tierney  and  Rodenliaugh.ioi?)-  ^ 
bicarbonate.  o.s  per  cent.,  may  be  added  lo  the  normal  nkline  {l)k«iOB- 

i90S^> 

AiMi  Injttiian  in  Nephritis. — M.  H-  Fucher,  who  cooceivei  nepbfiti*  and  eM* 
ataddoaufpo^  647), ho* advocated  thi*  ireatmeaL  The  clinicnl  re*iali>ialhtkHa 
of  ethers  have  often  been  unfa^urablc  and  HametinMii  danxtri>ua  CW)*,  WdiHj 
Newburch,  i9>3}.  Bogert,  Undcrhill  aad  Mendel.  1916,  lound  that  1^  mWaii***' 
the  blood  voluRle  after  injection  of  saline  bolutinn  wa&  not  hutcncd  bv  tbewU^^ 
0,4  W-r  cent-  of  sodium  carbonate,  cither  in  normal  or  in  ncplirilic  aniraaK 

liiiarhoniilc  EJt»M,~\jtigf,  dotes  of  indium  bicarbonate  (atmul  jo  Om.  per  AT 
RMy  lend  to  (ho  Tclrnliun  ai  water  and  eveninatly  lo  edema,  in  profKUtion  lo  tji'^f? 
(Haycm,  1S90).  Tbi*  mar  occur  in  diabetic  a»  well  at  in  normat  ladmdinb  (VQU 
■9ti;LcviMn,  1915}.    It  11  probably  analogous  to  siilt  edema. 

Alkalies  with  Salicylates. — Large  doses  of  salicylates  may  auK  l^ 
appejtrance  of  albumin  and  acetone  in  the  urine.  This  tendency  I* 
believed  to  be  lessened  by  the  addition  of  equal  doses  of  NcarboM* 
(Glaesgen,  1911).  At  lea.-it,  the  bicarbonate  prevents  the  pfcdp«Ut>» 
of  the  irritant  salicylic  add  in  the  stomach. 

Metabolism. — the  direct  effects  of  alkallesaic  not  imporiani.  Perfaipt 
ttie  only  certain  action  is  the  increase  of  urea  at  the  expense  of . 
The  indirect  effects  of  digestive  disturbance  may  be  more  >erJou». 
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It  h  known  that  alkallct  fiivor  oxidation;  and  it  has  been  found  thai  they  lead  to  an 
increa^d  oxygen  ctinsiiniplion  and  COj  txcrclitm  (I^hrannn,  1)^4^,  This  effect  JH 
not.  however,  vtry  large — prubably  betau^f  Ibt  allvraliun;  in  llic  rciii:lion  ot  tlie  boijy 
»jt  never  very  great.  EKpcrimetiis  made  m  dclcrmim^  (he  i>l!ecl  on  nilmien  miUiboU 
inn  have  given  somewlinl  variable  results,  ami  thtMr  were  certainly  nut  KTealerthau  miicht 
be  cmccled  from  the  |JUte  salt  action,  or  from  the  interference  with  digc«t)»n  which 
would  tcsull  from  large  cl'iies.  (Dose?  as  large  ft*  1  j  (Jm.  wdium  rarbonate.  jo  Gm. 
of  (odium  bicarbonate,  or  40  Um.  sodium  citrates  do  not  influence  the  lolal  nitrogen 
excretion.)  Mad^od  and  Hawkins.  19M,  found  increased  ctiminntiim  of  enilogciiouii 
itric  arid  and  purins.     Ahl.  ivij,  allribuies  ibis  lo  ibc  inleslinal  dcrani[iini<^Qt. 

The  elTccI  upon  carbon  melabolism  is  etiually  'small  and  uncertain. 

Incre:t$e  of  nlUolinity  i&  ?uiid  to  heighten  the  haeleriat  panvrol  the  scrum  and  liiwueiii 
but  further  etidencc  is  needed. 

Use  in  Rheumatism,  Gout,  Etc.^The  altalles,  especially  polassium 
bicarbonate,  acetalc.  and  citrate,  have  considerable  rcpulation  in  acute 
and  chronic  rheumatism,  gout,  etc.  It  i!i  dltQcult  to  eslimatc  their  etli- 
ciency.  There  is  no  good  foundation  for  the  assumption  thai  they  in- 
crease the  oxidation  of  uric  acid  or  its  solubility  in  the  tissues.  Kxplant- 
tions  of  iheir  actions  are  purely  speculative. 

Actions  on  Urine.^.\lkalies  increase  the  flow  and  alkalinity  of  the 
urine  (see  p;ige  714).  These  effects  are  utilized  especially  in  ciitarrhs  of 
the  urinary  passages,  and  lo  prevent  the  formation  of  urate  calculi.  To 
secure  this  alkalinity  requires  about  7  Gm.  of  sodium  bicarbnnatc  or  15 
Gm.  of  sodium  acetate  or  citrate,  per  day.  The  organic  salts  are  preferred, 
to  avoid  disturbance  of  digestion. 

Sodium  bicarbonate  slows  the  excretion  ot  intravenously  injected  Iftctiisc,  and 
decrcA^s  the  chlorid  i>u[;>ut  (Ilert^  and  liolill>Erg.  [1JI4). 

Use  in  Vesical  and  Urethral  Catarrh. — Alkaline  urine  is  less  irritant 
to  the  inflamed  mucous  membranes,  and  helps  to  dissolve  the  mucus  and 
ptis.  The  dilution  of  the  urine,  and  the  flushing  of  the  urinary  pas^gcs 
by  the  diuresis  are  similarly  useful. 

Use  Against  Urate  Calctili.— Alkalies  and  diuretics  can  not  dissolve 
these  calculi;  but  they  prevent  the  precipitation  of  uric  acid  and  acid 
urates,  which  can  occur  to  a  serious  extent  only  in  acid  urines.  The 
alkalies  (jiolassium  or  sodium  citrate  or  acctite)  must  be  given  in  suffi- 
cient quantity  to  keep  the  urine  alkaline  to  litmus.  Care  must  be  taken 
that  this  does  not  lead  to  the  deposition  of  phosphates,  since  these  might 
be  deposited  on  the  calculus. 

In  A  tew  instances,  it  ha»  been  obwrvvd  that  alkalies  caused  the  breaking;  up  of  large 
stones  into  small  fn^ents.     This  can  not  be  uttribuled  to  a  soliillon  ot  the  uric  acid.  J 

The  explanation  is  that  probably  the  calculi  were  ciimposcd  originally  o(  small  fmg- 
mcnU  glued  togetherbyrnucu»,  and  that  the  alkalies  caused  the  sol utiun  of  thelaller. 


The  alkalKS  can  exert  no  effect  on  Ike  cnmlituin  of  the  ark  acid  in  the 
tissues,  since  the  reaction  of  these  is  not  altered.  This  will  be  discussed 
further  in  the  next  section. 

Cyilinuria.^.Vkaii  has  a  solvent  action  on  cyatin;  its  administration  in  Kuflicient 
quantity  to  keep  the  urine  alkaline  prcvenli.  the  deposition  of  cyMin  cryMalu  (Smlllir, 

PREPARATIONS — ^BICARBONATES 

*PeUi3$ii  BitorboHas  (Pol.  Bicarb.),  U.S.P.,  B.P.;  KHCO..— Colorle»  crystals; 
odorUs*:  nJine  and  ilightl^-  nlkalinc  taste;  pcrinaneot  in  the  air.  Freely  Mil.  in  water 
(1  :*.8);  praclicatlv  Inwl.  in  ak.  Dose,  i  Gm,.  15  gr..  U.!),P.;  0,3  to  1  Cm.,  S  <0  j^ 
ST..  B.P, 
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'Scdii  BUarbonat,  U.S.P.,  B.P.  {Bakimt  -^ixdil ;  X«nCOi.— WTiite  pttwfcrj« 
cooliait.  miklly  aUulInc  tutc.  ll  i«  pcnnanmt  in  dry  nit,  but  sUiwly  decoapaMW 
■noiit  nir,  SoL  in  walrr  (■  :ii)  at  i^'C.  practicall)'  wiLhoul  dKompaUioo.  Win 
keMcd.  it  l<-'>»  CO,,  nnd  in  com-crtcd  inlu  normal  cailxiiMtc.  PiBCtlcalb'  i^  ■ 
alc.  /n<^r"npo/(Mr  wiih  adds  auilat'iilMJta;  ud  with  the  ultAolB)i)StKlluleMi,aiak 
mad  eatthsL  not  with  maKtioium  ults  ui  modcmlcly  diUite  MlntMot.  Dmt,  t  Ga*  ; 
>5Ki''>  U.S,P.;o,i  to  2  Gm,,  5  tu^itr,.  B.P. 

Trothhci  Sodii  Simrbi/nolit.  U.S.P.— 0.18  Cm.,  j  gt.  "itda  Mt'iXi"  fmnllrct*- 
tail)  s  gt.,  with  %  inlniffl  oil  of  peppermint. 


URATE  SOLVEHTS 

URIC  ACID  AMD  ITS  SALTS 

Acid  tirates occur  involution  in  the  blood  and  tissues; and sstbtpm- 
Uar  sodium  biuralc  deposits  in  gouly  tophi,  ttc.  In  the  uiinc.  adilaua 
abo  occur  in  aoluUon,  Wlien  the  urine  is  scanty  or  add  they  nay  l* 
depoMlcd  116  (rcc  uric  acid  or  "quadriuratc;"  re,  a  mixture  orconpo*"* 
of  free  uric  add  and  acid  urate.  These  depoigts  may  concrete  into  urinvy 
calculi. 

Uric  Add,  CiHtNiOi,  i«  k  weak  dDiulc  add,  whtdi.  undtf  fKopcr  tMA<am>t 
form  i\\ne  iiA»  of  ultii,  luindy: 

Ntuitd  Uratet. — Ci>liN/)i'nai;  also  named  dibasic,  noniMl  or  leooBAujVf^ 
ThcM  are  furmed  only  by  urong  nlkalim,  and  can  not  occur  aader  natonl  eoiJU^ 
bdns  decompMed  by  C()|  and  even  water.    They  need  not  be  cootidend  bttba 

Add  UrstM. — CiH)N<Oi'Nai  ako  named  monobnaic  or  primary  arale  «t  ^iaiM 
Tbey  ate  neutral  to  IJtrnus. 

QuAdriiirate.~C.H,N/),-N'a  +  C.H.M.O.;  al»o  named  bemibaaic  *nU  a  l^ 
tniurnlT.  It  it  u  mint ureor  solution  of  uticaciduidaddutale.  The  i]iudriuntltMB| 
the  •edimentum  laicritiiitn  in  coolinn  acid  urliic<.  On  vlaBdiBic,  it  wpania  uric ■" 
cryitils.    Water  iUhoIvct  out  the  aSd  nratc,  and  leavo  the  uric  ood. 

There  hu  been  much  diicusiion  as  to  the  nature  of  the  comlnnotioa.  KeMcJ.^"' 
cootiden  It  a  (imnlo  mixture.  Rlni^er  and  Schmutaet,  io>3,  rnc*"!  it  "  a  ">dMW^ 
tion"  of  uric  ado  in  wid  urate;  which  can  be  formed  al  body  ienii>enitutr,ti«i™* 
Is  uiutnhlc  on  cooling  nnd  thui  sepatntn  the  uric  ood. 

Othcf  Urate  DepodtK  in  Urfa*.— ThcM!  may  oonnisl  of  uric  add  lo  acid  wi*i^*i 
add  uralt^  in  licid  or  neutral  urines;  and  ammonium  urate  in  neutral  or  a— <>* 
urine.  "Hie  acid  urate  is  generally  smurphoui)  but  may  be  cry&talUoe  is  M^* 
urine.  ^ 

Urate  Tophi,— These  coniiit  lAwtys  of  aild  uralet  (Rilter.  1S97);  Md»(k«in<* 
depcisiis  in  animals,  even  when  (ree  uric  acid  i»  injected  (Loghem,  iQtoT).  ^, 

Actioas  <4  Urates.— The  importance  of  thtM  lies  tn  the  (act  that  tbey  ■ajrbelM'^ 
or  relainvd  in  cxccsuvc  amounts  in  patholoflc  coadltioaa,  wfaea  thty  feni  P'o'*"^ 
flammatory  neciatia  of  cells,  and  are  then  deposited  in  ioaoluble  pauilar  (otB  Pj^ 
becoming  crystalline^  act*  u  a  ponerful  mecnankal  irritant,  ^rodiidng  the^pbcntao* 
cl  Kuut.  Theae  can  be  gimutated  in  animalt  by  the  lawctioa  ot  **■>(*•>'**<■* ^Mrf 
aoouimurate.andinbirdaby  thesubcutaiMausb]cct!oDoicluttnaI«3,orewabr,Hl|** 
of  the  uieteta.  The  caute  ol  the  abnormal  appearance  of  tbe  uratic  dnodtt  m* 
etc.,  U  not  understood.  It  teems  to  be  eonaoctod  altli  cbangt*  ia  proltto  ndabiAK 
perhaps  also  with  inteiiinul  putrefaction. 

Solubility  and  Predpitation.—Frcc  uric  acid  i»  very  little  »olubk.  1^ 
add  urates  also  have  a  limited  solubility.  The  solution  may  be  '■'"'J 
or  hindered  by  a  variety  of  conditioai,  «ime  little  understood.  Il  •»•* 
be  desirable  to  increase  thotr  solubility,  f.i.,  to  prevent  uraic  ^ff^^^J, 
the  tissues  and  urine;  if  pos^ble,  lo  dissolve  these  de[»siu  whenlW"™- 
and  perhaps  lo  favor  the  elimination  of  the  urates  in  gout,  ctt  MwT 
attempts  in  these  directions  have  (ailed,  because  they  were  based  w  * 
perfect  understanding -of  the  chemical  data.    Alkalies  (Unolve  1  Bffiil^ 
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amount  of  free  uric  add,  by  converting  it  into  th«  more  soluble  add 
urates.  This  is  the  only  direction  in  which  some  success  has  been  found, 
and  this  is  confined  to  the  urine. 

Thestudyar  the  iolubilitics  is  grcntiy  complicated  by  theamnllqiinncitiesgninginui 

eoluliiin,  Ihc  polj-valcnce,  fijrm.nion  of  colloi'lal  ioLuUons,  supftialutHtion,  tlie  mflueiico 
ol  small  quantities  oi  impurities,  decompositions,  cic.     (His  and  Paul.  1900). 

UricAad. — ^Putc  water  dissnlvra  at  iS''C.only  15  mg.of  uric  acid  (ler  liter  =  1:  40,009 
(His  And  PftuI).  At  40°  the  solubility  is  probably  doubled.  AlkaJies,  even  the  biat- 
bonale  or  phosphate,  transform  part  of  the  uric  acid  into  ncid  urate,  nnd  therefore  in- 
crease its  solubility.  Frft  acids  dlcninish  the  solubility,  since  they  dccretiM  the  ionlza- 
tion;  uiKlissocialed  uric  add  being  less  iolubli-  (Ills  and  Paul).  Addition  of  free  uric 
acid  la  urine  may  piedpilate  a  port  of  the  uric  ocid  originally  in  solution  (Volt),  pr»- 
sumably  by  acting  as  a  crysialliiing  nucleus.  The  solubility  in  Jfram  is  much  greater 
(500  mg.  per  liter)  than  in  water  (llechhuld  and  Ztei;ter,  iqc/)).  Thi^  is  probably  due 
to  the  colloid!:  and  it  is  probable  that  the  colloid  constituents  of  the  urine  also  contrib- 
ute to  the  solubility  i>f  the  uric  acid  and  umtrs  (Lichtwiu,  1910).  Rueilel,  iSqj, 
cl&imcd  that  ureii  has  an  imporlant  solvent  actiuni  but  Ritter,  iSg?,  finds  this  very 
limited. 

Add  Urates. — The  solubility  of  the  diflercnt  urates  in  water  is  about  m  fallows 
(Allan  and  Bensch,  1S4S,  clc.)^Li.  i;  tjo;  K.  i:8ooi  Na.  i:  1,100;  NHi.  t:  i. Goo;  earths. 
1:4.000  to  6.000,  Excess  of  the  alkali  or  other  salts  decreases  the  solubility,  by  ■'•alt- 
n^  out,"  in  proportion  to  their  concentration  (Roberls;  Ritter).  The  salts  of'^the  plasma, 
iAr  nducc  the  solubility  to  one-tenth  of  that  in  water  (His  and  Paul). 

Solid  sodium  acid  urate  occurs  in  two  forms:  when  freshly  precipitated,  it  isgelal* 

inous,  colloidal  or  amorphous^  later,  Thi«  becomes  crystalline.     The  colloidal  form  U 

.moreeaMlv  soluble  (Bcn^h).     Gudicnl.  1908  and  loog.  claims  two  forms,  iheordlnkry 

more  soluble  lactam,  which  is  gradually  converted  into  the  lex*  (two-thirds)  soluble 

Uctim. 

HN-C-O  N-C-OH 


Inflni! 


O-C     C-NH 

■     I    11      >c-o 

HN-C-NH 

Lactam  iorm- 


OH-C    C-NH 


■NH 


Inflnence  al  Pho<sphaIe3  on  Add  Urines.— The  add  NaHiPt),  liberates  and  precipi- 
tates uric  acidi  this  is  countt^racted  by  the  pre^-nct^  of  the  ulkaline  NaiHPOi;  but  excess 
of  the  latter  precipitates  the  acid  urate  by  "Killing  out"  (Ritter). 

Alkalies  on  Urate  Deposits  in  Tissues. — The  solvent  action  of  the 
alkalies  extends  only  to  free  uric  add.  When  all  the  uric  acid  existii  oji 
acid  urate,  as  it  does  within  the  body,  the  addition  of  alkali  can  have  no 
further  solvent  action.  On  the  ontrary,  excess  of  alkali  or  other  salts 
tends  rather  to  decrease  the  solubihty  of  the  urates.  It  is  evident  there- 
fore that  no  direct  solvent  action  can  occur  on  the  urate  tophi  (Ritter). 
This  inefficiency  has  been  confirmed  by  clinical  cKpen'cnce.  If  alkalies 
have  any  effect,  which  is  doubtful,  it  would  be  due  solely  to  their  diuretic 
action. 

Lo^em,  1907,  even  claimed  that  hydrochloric  acid  is  more  useful  for  preventing  the 
lormation  of  urate  deposits  in  animals,  presumably  by  lessening  the  utting  out." 
Ritter  had  a  simiUr  idea.     This  has  not  been  confirmed  (Staal.  1008). 

Uric  Add  RetentJOQ  in  Disease. — The  older  notions  were  based  on  faulty  analytic 
methods.  According  (o  (he  more  reliable  determiualioris  of  Folin  at>d  Denis,  1913 
and  191S.  and  Pratt,  19:3  and  191;,  normal  human  blood  contains  i  to  1-5  mg,  of 
uric  acid  per  100  c.c.  The  proporlion  is  notably  increased  (j.5  to  4,7  mg.)  in  Kout 
(average  3.7  mg,);  in  lead  poisonmg.  leukemia,  and  some  ruses  of  arthritis  and  nephritis. 

Relation  of  Dric  Acid  to  Gout— The  occurrence  of  urate  tophi  is  a  strfkbg  proof  of 
disturbed  uric  ncid  conditii>na  in  this  disease,  but  need  have  no  causal  connection.  A* 
has  been  said,  the  uric  acid  of  the  blood  is  very  generally  increased,  but  this  may  be 
even  higher  in  other  diwase?  and  non-gouty  arlHrill*.  In  jiout,  however,  this  is  not 
accompanied  by  retention  of  non-protein  nitrogen  (Folin  and  Denis,  igis).  It  ws»  for- 
merly believed  that  definite  changes  in  the  uric  odd  coolrnt  i>f  the  blood  occurred  during 
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ibc  acute  Kouiy  Miacls.  Th«  nwdern  remlti  indicate  that  llnx  U  not  cancel:  I 
ihiil  the  urate  ciwcentratian  i*  the  wiae  durins  At  hetwfcti  atncki;  Bud  thai  tte  i 
uckft  occur  vhen  the  urate  cDoicentniion  tutk  Imo  Uiwcnd  tiy  atophan  (Dwtkbi 
McCruddeD.  loi;)- 

lBcr«ca«d  EUmtiutSon  by  Dnifa.— Ttm  but  been  diicuuxij  wwkf  AUpbM.  TW 
rUmiiutiuD  b  abo  mcreiiMd  by  diureils,  but  «4tbixit  uiy  eoiMlant  rUio  (J.  H.  XotdV 
son.  siin). 

Alkalies  on  Urates  in  Urine.— The  conditions  for  the  soKxnl  tffidoKy 
o(  alkalies  arc  much  better  tn  the  c^m:  of  ad<i  uriiu.'.  Thit  contaim  bM 
only  scid  urates,  but  also  free  uric  acid,  often  in  saturated  soluticn. 
When  the  urine  coots,  becomes  more  acid,  or  under  other  conditiou,  ihr 
solution  may  become  supersaturated.  The  uric  acid  will  then  predpiUlr 
alone,  or  in  combination  with  part  of  ihc  acid  urate  (quadriuratc).  Tl" 
can  be  prevented  eillter  bv  making  the  urine  more  ililuie  (Hiurtss).  w 
by  making  it  \es&  acid.  Alkalies  act  in  both  directions  (Buchhcia.  iSjjX 
llie  greatest  soK'cnt  action  can  be  obtained  bv  administcrinj;  adt^lr 
doses  of  sodium  citrate  or  bicarbonate,  top-ther  with  plenty  ti(  ntei 
(Haskins,  1916).  Too  high  a  concentration  of  alkalies,  asof  otba^^U 
would  render  the  add  urate  leas  soluble;  but  in  practice,  the  adminiitnuai 
of  alkalies  does  not  raise  the  total  concentration  of  the  urine,  cspid^  i 
water  is  taken  freely.  Alkaline  urines  would  abo  dissolve  actMlrp'^ 
dpitated  uric  acid;  for  the  urine,  after  the  administration  of  a]kiJn.b 
able  to  dissolve  more  uric  acid  than  before  (Haskins,  1916).  Wii  tta 
practical  limit-s  of  the  alkalinity  of  the  urine,  however,  this  mIuiimi  a 
so  slight  that  it  has  little  effect  on  formed  calculi.  The  injection oflfa- 
line  solutions  into  the  bladder  has  not  been  more  succcisftil  (Buchhtin'' 

Solvent  Power  of  Urine  tor  tJric  Acid.— lUikins  1916,  Aoils  that  tbi*  vario*  «UO 
leactionand  conrcntrniion.  Urines  of  add ity  ,H  «  O.i  and  overotn  no!  JhaJgyf 
adtlol  urit  acid;  tliow  tliul  are  lesa  acid  or  alkaline  lake  up  mote  and  mow,  aeotWj^y 
ihirir  alkalinity.  Concentrated  urine*  diuolvc  more  (though  not  io  <tiict  pacpxWl 
(ban  Ati  dilute  urine*  of  the  Mnic  reaction.  . 

Deilruclloa  o(  Uric  Add.— Itasliain,  1S70,  claimed  that  alkalin  lacnaM  iW  ^ 
itructlon  of  urit  ncid;  but  furlhcr  experience  »h(iwed  ihit  to  be  uaceflaiaaBi'W*' 
negative  (Severin.  i^S:  Uthium.  Bouc  and  Uuchheini,  iHat).  The  tiMliUciiaa  IV 
■more  coQceaUUtd  alkalies  has  been  Studied  by  Stevens  and  May,  1911, 

Difference  in  Bases.— The  acid  urates  of  different  bases  dHf«  »«j 
«lial  ill  stjlubili'.y.  The  solubility  of  sodium  urate,/./.,  is  about  Ot*-** 
that  of  potassium  urate,  one-third  that  of  lithium  urate,  etc.  U  ni^ 
seem  therefore  that  the  solubility  could  be  improved  by  the  adrafniun*" 
of  K  or  Li  salts.  This  is  true  of  pure  solutions  {cw  when  sodium  uf« 
or  urate  stones  or  tophi  arc  treated  with  lithium  carbonate);  but  itcaaix' 
occur  in  the  [)resence  of  an  excess  of  Jfa;  for  according  to  ot^oKJ 
chemical  laws,  when  several  bases  compete  for  an  acid,  it  is  it'C  If*^ 
soluble  salt  which  is  alwa>'s  formed  (r-j.,  BsSO*  in  a  mixture  "(  Ht>*'a 
KaOH  and  Ba(OH),).  Since  there  is  always  an  excesa  of  Ni  i""*  '*] 
the  Mood  and  urine,  the  Li  and  K.  would  have  no  chance  t»  exert  l^ 
solvent  action.  The  very  slight  superiority  of  lithium  cxnild  COSI  c'/ 
with  \'ery  large  doses,  and  these  are  unsafe  (Haskins,  1916). 

Organic  ^ues.' — The  same  reasoning  applies  to  these  (cihyloiw'*'' 
piperazin  and  pii)eridin).  Tliese  also  would  Ik  unable  totumpeleW**' 
the  Na,  Moreover,  they  arc  excreted  imperfectly,  so  that  their  ■'"^ 
efficiency  in  the  urine  is  probably  inferior  to  that  nf  the  onbiurj^alUu* 
However,  in  some  unexplained  manner,  targe  doses  of  pipera/in  (i  G"*' 

>  The  literature  on  oiganic  "urate  »olt-cnt»"  U  reviewed  by  Itandlk. 
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confer  a  somewhat  greater  solvent  action  than  rxi^s  in  normal  urines 
of  the  same  rcaciiiHi.  Tlic  dilTerence  is  not  sufficiently  great  tobesignifi- 
cant  (Haskins,  1916). 

,CK,  -  CH^,^ 
Plperidin. — This  is  dicthylcn-dinmln,  HN<  jKH,    It     produMi    no 

Vfi.-ch/ 

syniptoins  and  is  practically  noii'toxic.  The  sol^trnt  [xiM-cr  for  uric  aciii.  in  pure  solu- 
tion, is  said  to  he  higher  than  that  n(  LigCOi  (Maytrt  and  Schmidt,  iSgo:  I'lugiK-  i^9S; 
Stevens  and  M»y,  igii)>  bul  tilill  in^ullicicnt  lu  ainke  much  impmnion  una  yiliil  »iliine 
(PUMoldt).  In  the  jircsenti:  of  Na  salts,  nnd  ihcrctore  in  the  blood  and  urine,  it  is  not 
superior  toother  nlkniics  (Mendelsohn,  1X9;;  MtiseU,  iSoj);  snd  ?iinre  spurt  isoTiidiied, 
and  therefore  only  a  fraction  appL-ar?  in  tht  urine,  its  effect  011  the  iilkiilinjty,  and  there- 
fore on  the  wivcnt  power,  is  less  than  that  of  NaHCO,,  Thcdinicnlrcsuttsliavebeen 
inc«nstnnt  and  indefinile. 

These  limitations  apply  also  to  the  deritiitives  of  pipecidin  (dimethyl -pipersiiri  = 
Lyetlal,  Wittxock,  1S04:  cthylcn-clhenyldiutnin  —  [.yndin.  I.odenbutg,  1894).  Ec- 
aema  has  been  reported  from  iysidin  fOrtner).  Plperidin  wa*  introduced  by  Tunni- 
cliffe  and  Rosenheim, 

Organic  Bases  on  Elimination  and  Destruction  ed  Uric  Acid.— The  attempt  to 
ktlribute  ihe  supposed  dinitnl  effect!,  lo  llicse  itiechnnl^ims  l»  al«o  without  foundation 
(Waueomont,  iqii).  although  pfperidin  does  wmewlinl  increaie  Ilie  elimination  of 
uric  odd,  probably  to  incrensing  its  formation  through  intestinal  irritoUon  [Abl.  1913). 

Hezamethytenamin  on  Uric  Acid. — This  and  llie  relateiJ  compounds  (Cilarin.  etc.) 
have  a  solvent  and  destructive  action  on  uric  acid,  even  in  acid  urines  (Stevens and  May, 
1911;  Haskins,  1915).  This  is  due  to  their  formaldrhyd.  Tbey  mere  therefore  ad- 
Tocaled  as  urate  solvents  (Bardct  and  Laguers).  The  actiuo,  lioivcver,  \%  impercept- 
ible with  the  ordinary  dow5  (Nicolaicr;  Ilaskini,  tgij:  review,  Hanilik,  igift). 
DoiM  of  4  dm.  make  the  urine  distinctly  more  KolvenI ;  but  nn  equal  rllcrl  cnn  be 
secured  by  rendering  the  urine  alkaline  to  ^^  7.1  to  7.4,  ihrough  the  adolnistratloa  of 
iHcarbonate,  etc.  (Hawkins). 

PREPAKATION 

Piperidin  and  Its  derivatives  are  dewribed  in  N.N.R, 
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Local  Action  of  Organic  Acids. — ^Frec  citric  and  tartaric  acid  are 
relatively  mild  adds,  used  mainly  for  flavoring  and  for  producing  efferves- 
cence with  carbonates.  Acetic  acid  is  somewhat  more  active.  Lactic 
acid  is  employed  as  a  mild  caustic  for  the  solution  of  false  membranes. 
Formic  add  is  used  as  a  counterirritant.  The  fatty  acids  arc  discussed 
under  the  Oils. 

Fate  and  System-c  Actions.^The  orgatuc  acids  arc  mostly  oxidized 
in  the  tissues  to  COj  and  HaO.  Their  saJts  therefore  arc  converted  into 
the  bicarbonates,  potassium  acetate  into  KHCOi(KCiHjOs  +  40  = 
KHCO,  4-  COj  +  HjO);  sodium  citrate,  into  NaHCOs,  cic.  and  thus 
exert  an  alkaline  action  after  absorption;  although  before  combustion 
they  may  be  neutral  or  add.  Their  sj-slcmic  action  is  thus  identical 
with  the  administration  of  alkalies,  but  the  local  action  is  absent.  This 
is  sometimes  of  material  advantage,  as  in  rendering  Ihe  urine  itlkaline 
with  potassium  acetate  or  dtrate.  They  are  also  diuretic,  and  arc  often 
used  in  catarrhal  cystitis. 

Before  the  oxidation  is  completed,  they  may  exert  ion  nctianx.  Ttieic  are  small  for 
aceutea;  somewhat  problematical  for  lormatcs.  Oxalates,  citrates  nnd  tartrate  inac- 
tivate calcium  (lee  pane  686),  The  tartrates  arc  but  poorly  absorbed,  and  hence  act  as 
■aline  cathartic^  (see  page  (153).     Citrates  share  this  to  a  less  degree. 
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ACETATES 

Potassium  and  sodium  acetates  are  iu«d  mainly  as  alkaline  ditunio 

FILEPARATIOKS — ACRTATKS 

A(U«m  AcflUHm  GlaeMe  (Add.  Accc  C.lac.},  D.S.I*.,  B.P.;  GIkU  keHk  JkU-^ 
99  p«r  cent,  of  Ci  KiOt.    Coogccls  about  u-s'C. 

AeU.  Am.,  U.S.P.,  B.P,— j6  per  cent..  U.b.P.;  33  pei  cent,,  B.P. 

'Aiii,  Aca.  Dil.—^  per  ccou.  U.S.P.;  5  per  «Bt„  B.P.    Cl«u,  eolotkn Bjrii 
cbaracteriatic  vinvx«r-tiko  odor,  acid  laMx.    &Iucibl«  wtih  water  or  aicoM.  wi^, 
1  c.c,  JO  miainu,  U.S.P.;  a  to  4  c.c,  H  to  t  dram,  B.P. 

Aertnn,  VJnrgnr.— Corrctponds  m  rtrcnsth  to  tlic  prcccdliiK. 

i^Liq.  Amm«n.  ^Mf.— £m  Index.) 

'Potastii  AeOai  (Pot.  Ami.},  U.S.P.,  B.P.,  KCtHiO,.— \Vhii«  powds  or  ojnMm  ■ 
iaa»c*l  odnrlctt;  Miinc  ta*t«.    Ddiquetoca,  and  hence  liioukt  aot  bt  Jl^iPMirf  i> 

eiwdcrt.     Very  sol.  iii  water  Cuo.s);  f tedy  sol.  in  ale.  {1:1.0).    'Xwa,  1Ga.11  p.! 
S.V.;  I  to  4  dm.,  IS  to  60  ttt-.  B.P.;  diJuled. 
Sod.  Aftt.  US  P.,  NitC>H^,  +  jH/).— ColorlcM  ctystak  or  gfiMtw  f»^: 
odorl«»;  saline  tatte.    Efllotnccnt.    Very  sol.  in  mt«r  (t:o,S);  mL  I>  ik  {i^'e). 
Dott,  I  GnL,  IS  gr.,  U.S.P. 


CITRATES 

Oeneral  StatenieQt.^The3e  are  used  espedallv  as  alkaline  diuntio. 
Sodium  citnite  can  l>c  administered,/./.,  in  diabetic  conia,  m  Ur0e<l|**i 
30  to  50  Gm.  per  day,  without  digestive  di.iturbaiice  or  dianhca  (UdU- 
witz,  1911).  Citric  add  (about  i  per  cent.)  is  used  as  a  refrigerant  dliA 
in  fevers,  etc.  It-is  also  used  as  prophylactic  aRainst  scurvy,  o(trt  *• 
lemon  juice,  which  contains  about  8  per  ccnU  A  large  lemon  contii"* 
about  4  Cm.,  ordinary  lemonade  about  0.5  p«r  cent.  The  sjrnip  b  > 
useful  flavor. 

Pat*. — WhcQ  lajectul  Into  a  vein,  the  cltrai*  disapptan  rapidly  from  Ihi  drcdite 
After  hypaderniic  Injection  in  rabbits,  about  ii  percent,  b  excreted  io  dw  c(1m.*0> 
cat*.  30  per  cent,  with  dogs.  40  |ier  cent.  (Salant  and  Wue,  1916). 

AOica  on  Calcium.— The  ciltatci  form  double  •alts  with  cmldaa,  wUd  dt  M 
liberate  Ca  innsv  Their  intravenoua  injectiion  (not  onl  adminuttatioo)  pradnvu* 
typleal  effects  of  Ca  deprivation  (Sabbatani,  1901;  VtctinghoS-Schcet.  igM:  Ham 
i9o«;  wr  Calcium).  Tho  injection  ot  mlaute  quantJtln  into  the  brain  pfwiw  <■* 
convubant  cEfcctv  Repeated  hypodermic  injections  of  iacrouing  dotca,  cnali  ■ 
ndcrable  tolerance  (Rooctlaon  and  Burnett,  1913). 

Coagutability  (A  the  Blood.— Citrates,  like  other  Ca  ioacti* 
render  the  blood  non-coagulable  im  vitro.  When  moderate  doat  (t 
50  cc.  of  10  per  cent.,  for  man)  are  Injected  intravcnoucly,  howent>  lis 
coagulation  time  of  the  drculating  blood  is  definitely  shortened  (WA 
lois).  The  mechani-im  has  not  been  explained.  With  oral  admiiuJ)'*' 
tionof  I  to  2  Cm.,  Coleman,  1909, describcsadoubtful delay inooai^d^ 

Oae  in  Transfusion. — Weil,  1915,  intro<iuced  tlw  use  of  ''dt»*w 
blood,"  the  blood  of  the  donor  l)cing  kept  uncoofful&led  by  the  addid* 
of  I  c.c  of  JO  per  cent,  sod,  citrate  per  10  c.c.  of  blood.  This  hu  b«« 
kept  for  two  weeks  before  injection:  ;  Gm.  of  dtratc,  introduced  la  vO 
manner  has  no  otlier  effect  on  the  redpteot  than  the  above  sboneai^|<^ 
coagulation  time. 
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Pnnmtion  of  Brythroertes. — CentrifuKstion  of  blood  Injure*  the  corpuidei  in»- 
fhanifiiy,  resultiiiB  iQ  immediate  or  delayed  nemolysig.  This  tt  expeciftlly  mulwd  wfth 
doga,  Itss  with  rabciits  or  sheep.  Human  cotpuBclea  are  quite  leiiitant.  Protection 
is  aaorded  by  viscid  solutions,  such  as  plasma,  or  better  gela  tin  (j^  percent.).  Hutnui 
corpuscles  do  not  require  this  protection.  The  resistance  to  mechanical  Injury  U  not 
rdftted  to  the  osmotic  resistaJice.  Drawn  blood  gradually  hemolvMS,  even  on  Ice. 
Gdatin  does  not  protect  against  this-  Preservation  Is  best  secured  bv  sugars  (1  per 
xnt  of  deitrose  or  s  per  cent,  of  dextrose).  This  preserves  blood  suitaUe  for  injection 
foe  over  two  months  (Rous  and  Turner,  igis). 

Sodium  Citrate  in  HemiqAiUa.— Intravenous  injection  produces  an  immediate  and 
rnarfced  shortening  of  the  coagulation-time.  This  is  followed  In  one  to  two  day*  by 
return  to  the  original,  or  even  by  a  slower  coagulation.  Intramuscular  injection  bas 
[to  effect  (Ottenberg,  igifi). 

Odur  AntkaaKulanta. — In  laboratorv  experiments,  the  coagulability  of  blood  can 
Easily  be  diminished  or  abolished.  Leech  extract  has  tkis  effect,  whethn  it  i*  injected, 
wadded  to  shed  blood;  albumoses,  only  when  injected!  citrates,  oxalates,  fluoridf,  COD- 
ixntrated  scJutions  of  other  salts,  formsldehyd,  hydrocyanic  add,  etc.,  onlv  on  shed 
blood  (by  removing  the  calcium  or  inhibitinE  the  fibrin  ferments).  None  of  tnese  drufa 
an  be  osed  eCfectivdy  onpatients,  except  by  local  applicatioD. 

CoafoUiaB  of  Hi&— llie  inactivation  of  calcium  by  citrates  also  preventa  the  clot- 
tin^  of  mii^  llieir  addition  to  cowi'  milk,  produces  a  looser  euro  In  the  stomach. 
Thisb  utilized  in  bifants  (i  toj  gr.  of  dtrate  p«r  ounce  of  milk),  when  ordlnarv  mflk  U 
oot  wefl  boriK  (cards  in  vomits  and  stoc^).  It  should  be  reduced  or  omitted  ••  MOD 
la  the  need  b  puaed  (Cotton,  1906). 

PBEPAXATIONS — CTTEATES 

'Aadmm  CHrittm,  VSJP^  B.P.i  Otric  Acid,  C4I«(OB)(COOH)*  +  HfO,— A  Ul- 
base  ocganic  add  obbined  from  the  juice  al  lime*  or  Icoknu.  Colorief*,  tfaiwlncwn 
□nsBH  or  a  widte  powder;  odorle**;  haviiw  an  add  taste;  efllorescent  in  warm  all. 
voT  ttJL  in  water  (i:oL5)i  frady  ■dL  in  ale.  (1:1.8).  DMe,  o.j  Cm.,  8  ttt  VS.9.; 
11.3  to  i->  Gm.,  5  to  10  gr.,  B.P. 

I'Sw-  Add.  CU.—Stc  Index.) 

Xie. ''■aM.  CiL,  B.P.— iJM«,  8  to  34  ex.,  1  to  6  drams,  B.P. 

*ACM*B  CHrmi  (Pot.  Ol),  D.SJ>.,  B.P.,  BLjC«H«Oi  +  HiO.— Tina^Mrctt  pcfan* 
w  wMte  graanbr  poa<kr;  odofleM;  tooling  saline  tasie.  VetytoL  in  water  (1:0.6;; 
1HT  C^oly  «dL  ID  ale    DMt,  i  Gol,  ijgr.,  U.S.P.;  i  to  4  Cm.,  15  to  60  gr.,  B.P. 

Liq-  i***-  CiL,  U^S-P.— 8  pa  cent,  of  the  anhydroo*  dtrate.  Must  be  recently  pre- 
pued.    One.  15  cc,  4  drams,  U.S.  P. 

Std.  CiL,  C&P^  iXaiCaH«Oi  +  1  iHiO.— White  granular  powder;  odorlc**;  cool- 
SaCHbetsMc     EflDtie*ccst-     Freely  soL  in  water 'i;i.iK  insol.  in  aL 
Omc  I  Cm-.  15  gr^  C&P. 

Std.  C^*..  Tart.  £/,  B.P.— Dom.  4  to  8  Cm.,  i  In  1  diam*,  B.P, 
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hn  dovlr  ahavbed  and  tfaerdore  act  as  uliae  taltortic*.     Tb^  aac 


:  "Xr-i'f".  and  hare  no  otfaei  acticja  <T*»M,  («ro;.     it  km 
I  tXBt  tarr  iiiBhii  Emit  nitiu^tu  metabofiaw,  after  the  ■«■«>  «f  tau. 


VOSMATES 


ij.uk.  acid  oocnrf  in  x-raal  aicwwls  'JM*,  tiU-,  Fa 
^^^  Id  h  ^arir  *— f""^^  i'x  tbe=:  trritatf  «<Kta. 

^s^ntaae*  iac  ^e  decu  rf  nrttiei  are  arjt  cue  V/  i'jewk  acad.^ 

f^wk.  aoc  -wiCTiniei  trrrx  -rV-   bet  s  aatee  T-jitiie.  rnwe  itr'ami,  I 
«a>i ^oe  ^mamc  51  t.%txrja.     I*,  hat  a  pmLst.-  rt=naa.*Jr»  at  a  on , 

'    ' — ^~~ — .  ar-  a»  j^jJBiSnr  v.,  ;?«:■  c^-  -^  tat  tfjHmne  aot  it  twti  ftiwfl* 

"    :  «*-j  .     lu  i 
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uUliMd  (or  \bt  ptcfcrvniion  nf  food;  a.i  to  0.15  pet  <cnt.  of  free  abftoluie  1 
(Lcbbic,  1906).  Tbc  formates  ate  not  onlJM'ptic.  Doily  dmes  of  o,i  Ub  d  I 
•dd  arc  Mid  to  oiiuc  no  injurioui  effects;  br){«i  ilonet  oaiy  local  Bctiitiifi.  rqriralMit 
«c«iic  Mcld  (Lcbl>in>,  Kpplnitrr.  ii}i  t,  ndmrnUiiTcd  todium  (orinale,  5  U  t  Ca. 
doily,  to  tlirw  pta tic dU.  Tn-o  felt  oodbcumturl:  ihr  »ther  developed  aJIwinlMtkial 
hematurin,  perMiting  (or  five  dan.     Ftitlhcr  experience  U  needed. 

Pate.~runiui(e«iireoxldlM<Ilc«sm(li!v  ihan  other  orcaaic  saltg,  to  that  ipniB 
proportioii  (up  to  two-tliinb)  appean  uiicbnnged  is  ibe  urine.  With  Muler  daM^ 
Ihc  destruction  may  be  more  complete  (Pahl).  The  oxidation  ucc«rs  owialr  b  lb 
liver  (Flels,  looj). 

Normu  Occurrence.— A  small  quantity  o(  (ormaies  occurs  aurmally  b  aaHwfca 
li»un.  In  man.  the  nnrmni  daUs-  urinarjr  excretion  i*  tj  to  tio  mg.  Hib  MinMi 
thai  considerable  (|iianriiirs  are  lormcd  m  btcrrocdlale  inrtaboUfin.  praWlyali'l 
dtuMs  of  foods.  It  ii  alw  foimcd  (rum  (oiRialdeh)^  and  methyl  alwhal.  DM  hm 
ethyl  alculiol  IDaktn.  JartDey  and  Wakcman.  1913). 

SyBtsBdc  Actlona.  —  I.flT8c  doM-t  arc  diuretic,  perhaps  br  tcnal  Irritation  or  twiSk- 
tlon  (Flcig,  igo7l.  They  are  also  said  titcauu  mi'theraofjobttwinia  (CreKT lal Stflf- 
mann,  tgo;).  The  geacral  circulation  is  not  affected,  even  by  Urn  dua;  ■■■'*'*' 
doio  dcpre»  the  heart  (l.ivirialu,  iqoCO-  The  toxifily  i^  low,  lo  tMl  61a  l«CB.t( 
•odium  fornuite  may  be  tuki-n  daily  for  &  limited  time  (I'leio),  'tTf—f'"' **** ** 
ritn'oiii  kindu  have  been  claimed  but  ihonn  to  be  absent  bv  Fleig.  Poraic  tod  ^ 
been  lamleil  In  all  sarl»  of  condition* (Gnrrlgiie:  Clement  1  Huchard,  iqoI!  H.SUnL  •te*^^ 
but  without  good  grounds  (FleJR], 

rKKPARATIOK 

Acidiim  FormUum. — The  acid  official  in  (ordKn  countdm  coaUIm  tl  pH  I 
HCOgll.    The  dose  11  staled  as  1  to  m  dropt. 


METALS  AMD  THEIR  SALTS 

General  Statement.— The  diffcrenl  metallic  salts  have  mwyfe 
in  eommoti.  They  combine  wilh  proteins,  and  therefore  act  loaUy  1 
astringents,  irritants,  corrosives  ana  antiseptics.  After  absoroiioB.  iho' 
effects  are  chiell y  circulatory,  especially  on  ihe  blood  vcMel*,  but  iho  00 
the  heart.  Changes  in  the  capillaries  are  characteristic,  and  W  la 
phenomena  analuRous  to  those  of  inflammation.  Their  excretioe  by  tht 
kidneys  results  in  nephritis,  lldng  slowly  excreted,  they  readily  ptw* 
chronic  poisoning,  resulting  in  nervous  and  metabolic  dimurbuitM' 

The  toxicity  o(  ihc  different  metals  depends  largely  on  th«r»bW«V 
ability,  which  varies  greatly.  Iron  salts,  /.t.,  are  ordinarily  nca*** 
Itccauise  only  traoett  are  ab»orl>cd. 

Metallic  poiions  arc  scnctally  more  toxic  to  herUvoni  than  lo  csRii«ara— fnM'r 
bceau»c  they  remain  longer  in  the  alimenlarjr  canal  of  bcrUvorou*  antmab.  alb^ 
jcreater  ibsorptioo. 

Relative  Absorbability  of  the  Metals,— .\rscnic,  mercur)-,  and  iiiHi» 
arc  the  only  metals  t))e  al>Aoti>tion  of  which  is  of  an  extent  Ruffideal  I" 
cause  acute  s>'stemic  poisoning  with  non-corrosive  doses,  Pbooi"''^ 
which  behaves  pharroacoloRically  in  ntany  respects  like  metal*,  is  anifi»W 
iclillmore  readily.  Oilier  metals  are  absorbed  much  more  slowly.  Tol^ 
class  belong  lead,  silver,  tin,  andiron.  AnyinctaUicsalt,if  civeobMoK 
solution,  will  cause  forroston  of  the  mucous  mcmbraoc  of  the  aHmraUiT 
canal  and  will  then  be  absortjcd,  and  would  exert  its  systemic  action  •«• 
it  not  that  the  local  effects  often  kill  before  (he  »}'>Ienuc  can  cobw  ioU> 
play. 

HabituatioD  to  Local  Actioa. — If  llw  administration  of  a  metallic  >)■ 
is  begun  with  »mall  Ao*e*  and  gradually  increased,  it  become*  puwl^ 
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to  administer  without  local  cfTecl  floses  wliicli  would  at  first  have  produccil 
corrosion  (Hausmann.  iqo6).  Habituation  also  diminiitht-s  the  absorptioii 
of  arsenic,  but  not  of  antimony  (Cloetta,  1906  and  191 1). 

HabituatioD  of  Lower  Organisms. — Vea&ti>.  bacteria  ami  ptutnion  readily  acijuire 
cnnsiili'Mhli-  tolersncc  Td  The  v.^riniis  moiak.  This  may  be  iran^miitccj  fitr  gcncrntions. 
and  may  or  may  not  e»icntl  to  ciher  mctaU.  The  pJiperimenls  of  Ncuhaut.  iqie.  with 
infuMrta;  and  the  trypatioMimc  studies  of  Ehrlich,  igio,  prncnt  many  interesting 
facts. 

Solubilit:^  «nd  Absorption. — To  be  absorbed,  the  mclal  must  be  in 
soluble  form:  but  it  is  to  be  borne  in  mind  Ihat  the  solubility  in  the  ali- 
mentary canal  Is  not  necessarily  the  same  as  Ihc  solubility  in  water  in  a 
test-tube.  The  combination  of  the  metal  will  usually  be  changed  in  its 
passage  through  the  digestive  tract.  In  the  stomach  it  will  be  converted 
largely  into  the  chlond;  in  the  intestines  into  the  carbonate  and  sulphid. 
The  metallic  salts  aLw  enter  into  double  combinations  with  proteins,  and 
these  are  often  soluble  in  an  excess  of  the  latter.  In  these  ways  such 
insoluble  compounds  as  mercuric  oxid,  mercurous  chlorid,  lead  sulphate, 
and  alver  chlorid,  may  be  bniught  into  solution. 

Ion-action. — The  characteristic  effects  of  the  metals  arc  produced 
only  when  they  are  ionized.  The  uncoinbiiied  meiaU  and  molecular 
organic  compounds  (for  instance,  the  organic  arsenic  dcrivaiives'j  there- 
fore do  not  produce  the  typical  actions  of  their  metallic  ions  directly. 
They  may  cause  effects  of  their  own,  differing  from  those  of  the  ions;  or 
they  may  be  inactive.  Eventually,  however,  they  are  usually  transformed 
into  ionized  compounds,  and  therefore  gradually  develop  the  ordinary 
actions,  but  much  more  slowly.  The  non-ionized  compounds  are  often 
differently  distributed  in  the  body,  so  that  their  action.*  may  iliffer  from 
those  of  the  ordinary  salts,  even  when  they  arc  subsequently  dissociated. 
The  lead  tri-.ethyl,  /.i.,  simulate.*  chronic  lead  poisoning  (Harnack).  The 
organic  arsenic  compounds  arc  important  examples. 

Intravenous  Injection  of  Metallic  Salts. — Ttic  Rytlrinlc  actions  nf  miMt  mctah  can 
only  be  •.lu<h['<l  by  injcclini;  (liorn  intravenously,  since  tlie  slow  abwirplioii  and  the 
strong  local  atljons  would  obscure  the  remote  cS«cls,  if  the  meloU  were  given  by  the 
ordinary  channels.  For  the  intravenous  Injection,  such  metallic  uilti  mu»t  br  choMn 
aa  will  nut  piecipitate  the  blood.  Double  salts  (such  as  iron-ammunium  citrate,  etc) 
or  metallic  albuminates  may  meet  this  requirement.  In  some  caves  it  ii  ncceisarj-  to 
have  recourse  to  some  non-ionic  compounda  of  the  racial,  from  which  the  ionic  metal 
is  libera  cd  in  the  body. 

Delayed  Action.— When  a  non-pcccipilanl  preparation  U  injected  ditecUy  into  the 
blood  the  lymptonta  in  many  caaca  do  not  arise  at  once,  but  are'cffpr/a^rd  guilt  slowly, 
•MUllBittoolyistliecouneofwvenldays.  This  i»  due  m  the  fact  ihai  thcmetaUdu 
not  aetlDtlwUood,  but  only  after  tttey  have  been  absorbed  into  the  cells;  and  this  ab- 
sorption Is  so  sbw  that  it  may  take  several  days  to  arcumulalctiulTiirient  metal  to  produce 
any  action.  The  mclal  may  by  this  lime  have  disappeared  cnliidy  from  the  circulating 
liquids  (White,  iRHo)- 

It  would  appear  also  that  the  symptoms  do  not  aiise  immediately  even  afler  the 
p(»iun  ha.':  reached  Ihc  cells.  Tartar  emetic,  when  injected  in  appropriate  doiet  into 
ft  vein,  divnppcBra  fn.m  Ihc  hlm«i  in  ten  miauies,  but  liie  lir-it  symiitoms  nmy  hr. 
seen  only  after  some  twelve  huur^.  This  corresponds  uith  the  behavior  ol  toaina  and 
of  many  other  poisons. 

Storage  in  Cells.— The  metals  enter  into  firm  combination  with  the  protoplatm, 
and  accumulate  in  the  cells,  especially  of  the  liver,  until  these  contain  much  larger 
quantities  than  the  surrounding  medium  (Bokorny,  I<|05). 

Cumtilative  Action.— The  excretion  of  the  metals  is  usually  even  slower 
than  their  absorption.  They  have  therefore  often  a  cumulative  action; 
doses  too  small  to  produce  any  immediate  effect  will  cause  serious  poison- 
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iiig  if  loiif;  continued.     Pb,  Hg,  atid  Ah  are  prominent  cjuinples. 
single  large  dose  may,  on  the  other  hand,  produce  chronic  poisooio;. 

Excretion. — The  nietaU  are  excreted  partly  by  the  kidneys,  bat  lit 
main  part  Icnvcs  through  the  intestines,  especially  the  large.  IVtri- 
theli&l  cells  arc  the  channel  of  thi<)  excretion,  and  not  to  any  eUnl  a* 
bite,  as  was  at  one  time  »upp(wcd.  A  gaitroenttrUis  may  result  froo  iool 
action  even  when  the  poison  has  been  given  intravenously.  On  to 
account  tartar  emelio,  for  insunce,  act*  largely  locally  even  wto 
administered  intravenously  or  h>podcrmicaUy. 

Metal  nephritis.— The  amnunt  of  the  metal«  excreted  bv  the  \aiiiiyt 
is  oflen  ^ulTicient  to  cause  a  marked  nephritis,  characlenxed  t^'  •&«' 
minuria,  casts,  etc.  The  nephritis  liegins  usually  in  the  epithelium  of  iW 
convoluted  tubules  an<l  spreads  from  here  to  the  glomeruli.  I(  the  peek- 
ing is  chronic,  the  nephntis  may  become  interstitial  and  1»*<J  W  frt»l 
cirrhosis. 

Nephritis  has  been  dcKrShcd  In  nolMntnc  by  the  foIloicJnR  meUtb:  At,  AL  A^  1^ 
Be,  Hi.  Cd.  Cc,  Co,  Cr.  Cu.  Hg.  .Mn,  Ni.  P.  Pb.  Sl>.  V,  W.  Zn..  There  w«y  •toh  W" 
tlyiosmia,  i.e.,  the  appcattuicc  of  sugar  in  the  arinc  without  bj'pcrglytcmi  [LbbA 
1914). 

Circulatory  Effects. — .\1I  mctal-i  produce  a  very  marked  /a"  if  M 
pressure,  which  is  due  partly  to  a  paralytis  of  Iht  mwd  tetsdt  uid  puih 
to  a  direct  aciion  oh  the  ficarl. 

The  m^lH,  Mide  from  silver,  mity  be  divided  into  ftiw  priatifal  t'^t*^  ^  ^ 
rroup  actine  mainly  peripherally  on  the  hluod  sfuHt,  tlM  aeoonil  icroup  adlM  t^ 
ipheisUy  ua  the  htart,  Ta  the  liral  crouf)  belong  anenic,  B&tLmiiay.  *•'*• 
bUmuth,  iron,  mxnauictc,  Klcnium,  tcllutium,  olunuDuiB,  tiD,  nicktl,  eowlf.  P* 
and  platbium  (Wohlwill,  iqo;),  10  die  MCond  noup,  lead,  pbaapboiiu,  oofftr,  a^i 
codimum,  mercurv,  vanadium,  eerium,  and  tholliura.  «_.,x. 

In  the  perfused  heart,  aU  melftU  (in  the  form  oi  kctales)  peodticc  block  mJ  JMi" 
atandailil  (Voostlia,  igij). 

Nervous  Phenomena. — The  serious  circulator)-  disturbances  M  x 
central  and  peripheral  nervous  symptoms.     Direct  acute  oervooi  1 
are  not  common  in  mammalsi,  except  perhaps  with  silver. 

Prop  show  with  most  metsb  a  pamlysii,  preceded  hy  ■  tllxht  ithnillaliM. 
Ictnniiuig  nction  ptedonunaics  with  Ni,  Co.  aod  Pi.     Whether  tbe  oetak  l»^' 
direrl  etTcC  on  melaboliim  <*a  not  be  dedded  with  our  proent  metbotll.  b*™""*, 
diiturbances  introduced  by  the  inUstlnal  and  renal  irntatloa,  and  by  tk  eacmuf 
changed 


COIXOm  METALS 

TbcM  occupy  a  peculki  poutiua.  CuUuid  mctaU  may  be  obUined  by  ao*J* 
Idi  an  electric  arc  bciwctu  metallic  mies  under  water,  veiy  ftae  jMitkk*  of  l!«  •*' 
beuig  thrown  off  and  iorniinit  >  colloiditl  solution.  Sltnilar  lolatMtu  amy  be  (»|*'*|' 
from  solutiuds  of  metallic  ulti  by  certain  reducing  acents.  CoUoJii  wliitioa «'> 
Ak,  IIx,  Au,  Bi,  Cd,  Pd,  and  tr  have  been  prepared  liy  thu«  nwtbodi.  Tbt  ■•*■ 
easts  IS  (hetc  mIuiIods,  not  as  inna,  but  in  true  melaUic  caaditMB;  it  i*,  bu"**** 
finely  subdivided  that  it  remuina  permaneody  and  evenly  diUtibutcd  Uunarii  t^?! 
tloa.  It  is  ptedpitable  by  mIik,  in  tbc  same  way  as  other  coUoidsl  >otaan«fc  ^ 
cberalc  Kductlon  ^v»  equally  fine  particles  and  can  be  used  to  nake  nun  ooMoia*' 
solution  than  the  electric  (Voijt,  1914).  .  ,, 

Colloid  toluiions  can  noc  produce  de  loa^ctkma  of  the  laetab  diteciljr.  Tne  «*** 
Gondittan,  however,  gives  ihem  Mtalylfc  fnptnia,  U.,  mlnntie  quantibea  var  ■'"J 
rcacttoni  la  larne  quantities  of  other  tubstanccs  (r./.,  convcnkw  oJ  alcoM  '■'^'J^ 
acid},  the  metal  taking  no  part  Id  this  Uaatloimauoo.    lUs  caUlyMS  h  Umoh  « 
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poi»on^  jml  u  u  the  action  of  true  (crmenU.    The  meUb  fats  f^Ht  ttoiUy 
lilt  (oUotd  iiUa  Ikt  ionic  tondUu^tt,  «.£.,  by  the  action  of  bacteria,  uid  mfty  thcD  cxcrt 
udiBuy  Action  of  the  ineials.    Since  this  conversion  occun  but  slowly,  thes*  ac- 
ikuM  w31  M  OMliiIy  local,  nnil  will  nioduw  a  minimum  of  irritation. 

Fkumuakilc  Actioiia  of  CollMd  M«l«ls.— It  i^  (}ticatlooable  whcUier  the  collolil 

tab  ue  at  «il  abAorbed  unchang«il.    U  injected  iolravenoiuly,  they  aojoum  only  a 

r  ninates  10  the  blood  (Niculracu,  iqii).  posung  first  into  the  liver  and  more  Kradiiiilly 

indlnsoMllerouantitiMintooiherorKaniCVulKi.  iqi4).    Their Kraduol  (raniforraiitlon 

Dto  the  iodizM  form  trill  eventuallv  produce  the  oidinan*  ny^iteinic  eflecli  of  metaU. 

rbey  have  been  used,  hypodermicaily  and  Intntvcnouily,  for  ihU  purpose,  but  without 

periou*  a(lvAnta|tc.    (Solutions  iihouu)  not  be  made  botooic  with  talt,  since  electiolytn 

"^  use  precipitation.)    They  also  produce  other  rather  indefinite  and  inconsiant  cITects, 

ibably  atlribuutble  to  the  otloid  condili<>n:  hyperpyrexia,  fitil  hypo-,  then  b)'per> 

oocytotli,  renal  and  inintinal  Irritation,  Had  fatal  coma  (Koi  and  AsKacoltl,  iqoS 

^kI  1909;  GrM  and  O'Connor,  191 1)-    They  may  be  followed  by  increased  excretion  of 

■Jtrann  and  uric  add  (Asroli  .inil  Ixnr,  1407), 

I  narapmitk  Use  Ajtainst  Infections. — Colloid  silver  particularly  hns  beep  etlrava- 
Cantljrlaudedaianintciaiilaiiiiicpucin  puerperal  and  otnerMrpticcoiiat  and  infections; 
put  tne  dainu  do  not  stand  critical  exjiminaiion  (Report,  Coun.  Pharm.  Cheni.,  1909; 
de  Artie,  1911).  Grosand  O'Connor  found  that  colloid  metals,  lilce  charcoal,  admrb 
poisoiis,  alkaloidal  a<  well  ax  toxins,  and  therefore  decrease  their  toxicity,  but  the  de> 
cease  it  inugnilicant,  and  does  not  occur  at  ill  unleM  the  poiton  was  treated  before 
beioK  injected.  PbaxocytosU  is  perhaps  somewhat  iacreased  for  gome  bacteria,  but 
Bot  for  all  <ArrIc.  191 1).  Colloid  silver  or  mercury  u  fairly  antiseptic,  but  not  i^tr- 
ktiddal  (Marshall  and  Killoh,  1915). 

I  DoMfrrt. — &3iIloid  silver  preparations  are  apt  lodclcriorntc  rapidly  Into  the  InMlubk 
orm,  and  may  thus  produce  emboliim  (Kitienhaus,  i9»s;  H.  }.  Hambuncer.  1000).  A 
nimbei  o(  deaths  have  occurred  prohablv  by  vascular  embolism  from  the  injcclinn  of 
oOafgol  into  the  renal  pelvis  lor  X-my  niagnosls  (Elseadralh,  t9i4).  BuerRcr,  iqt^, 
bda  that  ihese  Injection*  may  penetrate  the  renal  parenchyma  to  the  surface  o(  thie 
ddney,  and  lead  to  necrotic  and  suppurative  foci. 

ChcaMlhenpy  of  Cmett.—Tlua  started  with  the  innounce^raent  of  VVns^rmanR, 
Crysser  snd  Wanermann,  igii  and  1911.  that  they  had  succeeded  In  cauiiiic  tbedi^ 
opearonce  of  rat  tiimor«  by  the  intravenous  injection  of  selrnium-eosin  compounds, 
UM  then,  simClai  favorable  results  wera  reported  tor  colloidal  copper,  platinum, 
nUphur  and  some  other  colloids  and  organic  metal  compounds  (Neuberg  ana  Caspari, 
1911;  Kcubcrs.  Caspari  andLoehc,  igiii  L.  Loeband  co>wi>rken,  iQia  toion).  r.vca 
■umon  lumots  seemed  to  ^ow  sonic  rctroareasioD,  However,  the  results  au  not  wlth- 
itaadiriticlsm.  Ulilenhuth,  ion.  and  Walker,  iqi>,  failed  to  confirm  the  animal  expui- 
Uenta  with  eciun-Kteniuni.  Kcyuer's  further  experience  (1914)  also  convinced  him 
that  cure  ol  animal  tumors  by  the  various  metals  00rur«  in  only  it  gmxll  prrrrnt&BC  of 
taaes;  that  ihey  aie  {ne£tectJve  agdiut  visceral  01  gruwiuK  tumon;  nui^ti-u  being  coo* 
iaed  to  Urge  subcutaneous  tumora,  whidi  they  cause  to  wften  and  liquefy.  Weil, 
1915,  luggcsta  that  they  accumulate  In  the  necrotic  portions  of  the  tumors,  as  do  todids 
BM  dyes,  and  there  lead  to  the  liquefaction  of  the  necrotic  tissue. 

As  to  the  human  cancer,  the  repotted  improveinent  has  been  eucntially  svnpto- 

Ktk  onlv,  and  this  has  Utile  sIsnlAcancii,  WcU.  loij  and  igtj,  points  out  that  the 
y  adnussible  sini  of  impnn-ement  b  reduction  of  the  siic  of  the  tumor;  and  from  tUa 
blandpalnl,  the  cnaicat  reports  are  negative.  Locb  (McClutg,  et  al,  1915)  coaccdes 
Uiat  a  ctirc  can  not  be  oxnocled.  KeyBscr  also  considers  that  the  effective  doee  In  ani- 
mals b  so  near  to  the  fatal,  that  no  results  could  be  expected  from  a  safe  dosage. 


mORGANIC  ARSENIC  COMPOimDS 

I  Genentl  Statement. — Arsenical  compounds  act  locally  as  mild  and 
klow  corrosives  and  have  been  employed  in  superficia]  cancer.  Sy»teml- 
fcaUy,  they  relax  the  capillaries  and  increase  their  permeability,  thus 
^mtilating  inflammation.  This  change  i.s  raast  con»|)icu»u!t  in  the 
|^>lanchnic  area.  Tn  acute  nrscnir  poisoning,  it  results  in  ottrcmc  gastro- 
leotcriiJs,  closely  resembling  cholera. 
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This  (lilauiion  of  capillaries  introduoea  changes  in  the  circtilulOBi 
cause  sccoodarj'  disturbances  in  the  function  of  more  rcmolc  orgsns,  | 
ticularly  in  the  nrrvoiu  system:  a'"'  further,  fatly  degeneralion  vi  ihr  afij. 
cspcciafly  in  glands  and  muscles,  with  other  disturbances  of  nutrition  ud 
melaboU^m,  mrticularly  in  chronic  imiftoninK-  There  may  al»obcidir«t 
paralysis  of  the  heart,  both  ganglionic  and  muscular. 

Milder  decrees  of  the  same  action  uiay  stimulate  metalMliim  btll^ 
fidally.  This  cxptnins  partly  the  therapeutic  uses  vA  arsenic  b  nulmri- 
tion,  anemias  and  skin  diseases;  but  the  mccbamsra  of  their  adwn.u' 
indeed  the  results,  are  somewhat  in  douhl .  There  arc  also  charanninic 
effects  on  the  bones  and  bone-marrow.  Arsenic, especially  in  thenrfuii 
forms,  is  highly  cfTective  againHl  protozoan  infections. 

Arsenous  aiid  Arsenic  Compounds. — Trivalent  As  (arsenltes)lil 
ally  much  more  toxic  to  animals  and  plants  than  is  penlavalcnl  Ai'i 
nates)  (Kionka,  loii).  This  holds  also  for  the  different  valence  in« 
compounds,  and  for  the  corresponding  antimony  valencies.  It  \m\ 
a.ssumed  ihal  ihe  5-valent  Ah  is  non-toxic  until  it  ha^  Wen  reduced  tetk 
j-valcnt  (Locw,  iSS;).  The  occurrence  of  a  partial  reduction  wuteB** 
strated  by  Binz  and  Sclml;:,  1S79. 

Oxidatioa  ud  RcducliMi  Theor?.— Schuljt,  tm4,  nnd  Btni,  tito7.  •Ibop*''  ■* 
explain  the  areenlc  vtittit  at  iIirmxTinK  iKidjitlan  and  rtduclUm  of  fht  odK  J*** 
the  ca»y  puoiLge  o(  tu^iiuiu  anil  unicmk  vomjiuund*  bid  tach  other  (rtklW* 
iSgi.  (TemontlrLilctl  on  orsan-cniubioni).  Iluicmaiui,  titpt.  p<NnIol  nut  IkUiW 
urre  true,  lioth  form*  shouM  have  the  mme  toxicity.  The  diffrrente  H  mH  V^~' 
[nammnli.  bul  ver>' mniiderable  (or  towrr  Hninuls  ami  ptinli  (U.  Lvew).  TW  wp'*'' 
lion  ii  itirrefofc  not  ic-nohlc.  It  U  now  ge-ncfally  believed  Ihnt  the  ■nrtiol''**' 
prDlopLiimli:  f>x{dntion  in  an  unknown  w>y;  although  SdunferRnd  Bo«bm,  iS;i,A**i* 
that  anenic  liai  little  effect  on  ordinarv  lermenls. 

The  ntiiiol  toxicity  otancnousarJa:  BtMnJciicid  varies  fa*  diHerent  tiiatn-  <^ 
Intravenous  injection  In  nibblti,  it  i!iasf!>:io|Ii>r  theexcitod  (roK'^heiX.  v  wo  i'  I** 
ancDous  is  alio  more  tosic  lor  the  escisefi  inttaline  oi  rabbita.  Theie  ilifltrot  W" 
indicate  that  the  toxidty  of  nr^cnic  ncid  ii  due  to  reduction  to  anenow  add  ■>'* 
varict  ladeiree  for  different  tiwue*  (Joacliirnoiclu,  1015). 

ItMlatance  of  Lower  Animals. — .Xnriiic  is  luiir  to  all  aaimak  wbkh  P"*  * 
central  nervout  iiyiilemi  alio  to  most  nf  the  higher  plants,  bul  not  to  all  ibtw****; 
K^nlims.  lu  antiseptic  action  i»  cumfinralivdy  hinall.  It  UB  not  Ihtnho  btib>* 
aiaucneralprotoplumic^KHMtn.  New-bom  Mlamanden  itiow  a  vmr  pwll'fc'*^ 
.\motig  mammalt,  the  mntance  b  grealeat  is  mice,  Iben  cofne  iIk  Ma|tlM(  i*""^ 
dog  and  cat  (Wlllbcrg,  191  j). 

The  toxicity  it  the  tame  for  apIcnertomiKd  M  (or  nomal  rolfv  (To>tca,  iD>t^ 

Local  Actions. — TTie  arsenicals  are  not  precipitant  and  therefore  i 
tatc  only  weakly,  cx-en  on  wounds  or  mucous  nicinbranGs;  but  ite  ' 
die  slowly  after  prolonf^ed  contact. 

This  la  sooieilmn  u«cd  for  killing  czpcncd  itnlal  mtftti;  and  at  tolrc*  ht  a^ 
tpUJkHofnAI.     Anonlc  i*  niiicli  more  dtsirucllve  to  palholot(lc  cell*.  «o  that  ^  <  . 
ous  ti(su«  may  be  killed  without  injuiy  to  tlie  surrounding  normal  ikunt.    A*  "''f^ 
canecr-talvcs  some  of  the  deeper  tumor  oell*  Kcnetalty  escape,  leading  loLMfA*"' 
rccurrcncci.    Their  use  I*  therefore  not  odviMble. 

Blood  Pressure. — ^.\rseiwc  poisoning  is  characterized  by  pcoooanw 
and  pcr^stent  fall  of  blood  pressure;  due  partly  to  depression  <t  "* 
arteiio)&»  and  heart,  but  mainly  to  paralysia  of  the  cajHllaries. 

Heart— In  the  caclsed  (LanacBdorfl)  heart  the  amplitude  is  fine  faictcaMiJt^ 
dtmtaiUied;  the  rate  may  be  uowad.  qutckentd  or  arythmie.     Afwaib*  j 
toxic  than  arMuatct,  and  thexe  more  tfian  the  organic.    Of  (he  Iniler,  1 
mmt  poi«ni:  wlvarsan  ami  Its  oddalioa  products  are  turtite  (.\tc(^    ^^ 
la  intact  aninuU.  the  eantiac  action  of  tKe  ancnicala  is  rttativdy  BOi^Cf^ 
tbt  heart  i%  able  to  maiDtaui  a  (airly  high  pressure  if  the  aorta  ia  clarafiHl  (BmmI 
Datcrbentei,  i8}4)> 
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Action. — The  vasodilation  i:i  mutt  con»j)icuoiu  In  the  spUnchntc  area;  but 
pressure  tails  even  when  llie  inlcaliuM  «r«  tied  off,  so  that  Uie  muKutar  vesdi 
are  also  dilated.  The  dilation  con  be  demonstrated  by  perfusion  of  excised  organs.  It 
is  therefore  peripheral,  Tbe  vessels,  however,  cuntinue  to  read  to  splani-lmic  slioiula- 
tiun  lill  very  late;  and  to  cpincphrin  even  after  the  splnnchaic  response  ia  tort  (A. 
Ljcb.  igii).     The  arteriules  must  lliere/on;  still  be  capulilc  iif  con  true  ling. 

I^ralysis  of  Capiilariesv — ^For  this  reason  it  is  aisuincd  ihat  structures  beyond  the 
arterioles — -naraeiy,  the  capillaries — arc  the  icat  'if  the  paralysis.  This  view  is  favored 
by  the  fatt  that  they  hu\'e  become  more  [tcrmeabte.  Intravenous  injections  o(  \atfe 
quantities  of  salt  soIuliir>n  will  cause  edema  in  animals  poisoned  with  .\s,  but  not  in  iKe 
normal  (Magnus.  iBgg;  other  capillary  poisons  are  discussed  by  W.  Heubner,  igaj). 

These  changes  in  the  capillaries  explain  partly  the  therapeutic  actions,  and  the 
whole  course  of  the  poisoning.  Since  inrtcinni  primcahiliiy  a{  the  capillaries  h  one 
of  tiiK  es^nlial  features  of  inflammation,  the  phenomena  of  arjenic  [Kiiaoning  are  similar 
to  those  produced  by  an  irritating  inflammation,  allbouKh  the  primal  cause  is  different. 

However,  arsenic  iobibits  the  migration  of  leucocytes  in  the  inflamed  mesentery  of 
frogs  (Ikeda,  1916). 

Gastroenteritis.^The  first  and  principal  symptoms  of  acute  arsenic 
poisoning  are  those  of  violent  inflammation  of  the  digestive  tract. 

Thb  suggKted  that  arsenic  acts  as  a  corrosive.  However,  the  autopsy  rarely  shotrt 
extensive  corrosion,  and  it  is  known  that  the  ciirrn»ivc  action  occurs  entrcmely  slowly. 
Furthermore,  the  gastroenterilis  may  be  obtained  with  at  leatt  equal  readiness  if  the 
arsenic  is  injected  into  the  circulation  or  subculaneou<ily.  This  would  not  definitely 
exclude  alt  local  action,  since  some  arsenic  is  excreted  into  the  alimentary  canalj  but  the 
quantity  is  not  nearly  enough  to  account  for  the  symptoms. 

The  inflammation  is  really  due  to  the  systemic  action  on  the  capillaries, 
which  is  strongest  in  the  intestines,  no  matter  how  the  arsenic  has  been 
introilticed.  The  capillary  paralysis  results  in  (he  production  of  an  exuda- 
tion into  the  connective  tissue.  This  raises  the  epithelium  (just  as  would 
a  blister  on  the  skin),  and  causes  it  to  he  thrown  olT  in  shreds  or  false  mem- 
branes. The  exudation  is  then  poured  into  the  lumen  of  the  intestine 
and  largely  coagulates.  Thisihslcnlion,  as  well  as  Ihc  circulatory  changes, 
causes  increased  peristalsis  and  watery  diarrhea;  and  the  shrcda  of  mucus 
and  coagulated  exudation  give  to  the  evacuations  the  character  of  "rice- 
water"  ttooh  (Boehm  and  Pistorius,  1882). 

The  pathology  of  this  condition  is  exactly  tbe  >^me  as  that  of  Asialle  cholera,  and 
without  a  history  it  is  impossible  to  distinguish  between  the  two  conditions  except  by 
cbetnic  examination  of  the  dejections. 

The  extreme  distention  of  the  capillaries  may  lead  to  their  rupture,  to  the  formation 
of  ecchymosci.  or  possibly  bleeding  into  the  intestine  or  stomach,  and  consequently 
bloody  vomiting  or  diarrhea;  but  this  is  by  no  rac.ina  always  the  ca»c- 

Kidneys. ^Arsenic  produces  nephritis,  at  first  mainly  ViLscular  (Schlayer 
and  Hedinger,  igoy),  but  alwaj's  with  more  or  less  involvement  of  the 
epithelium  (MacNider,  1912;  O'Hare,  1915). 

The  vessels  of  the  kidneys  participate  in  the  capillary  dilation.  The  general  glnme- 
ruUr  capillaries  are  swollen  so  at  to  fill  the  capsule;  the  urine  isalbumlooua  and  iicanty, 
and  can  not  be  increased  by  caflein  (Hellin  and  S|iiro,  iSgj).  The  retention  of  nitro- 
gen in  the  blood  is  relalivdy  slight  (Karsncr  and  Denis.  1914)- 

Thel>Tie3  of  nephrites  from  different  arseniccompounds,  and  the  actions  of  arsenlcaU 
<iB  the  adrenals  arc  described  by  L.  I'earce  and  Brown,  1913- 

AbsorptioQ.— This  occurs  readily,  to  some  extent  even  from  the  intact 
skin.  Poisoning  may  therefore  result  from  the  external  use  of  ars(;nical 
cosmetic  preparations.  With  hypodermic  injections,  the  diarrhea  often 
sets  in  within  an  hour. 

Excretion.— This  occurs  by  all  the  usual  channels — urine,  feces,  sweat 
(Tachau,  tgtt),  milk,  and  epithelium  of  the  skin  (HelTter,  1905).     With 
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oral  AJminislration,  the  rnuin  pun  leaves  l>y  ihe  feces;  with  hypodendcj 
the  urine.  The  excretion  is  always  slow  and  incomplete,  cspedillyi ' 
prolonged  administration  (Croner  And  Seligmann,  1907). 

Tim*  of  Bxcratloa.— The  «ictF(ion  bcEins  In  l«a  to  di:hl  hours  «ftcc  tfaei 
Intion.  but  luita  for  a  long  time— thtoc  to  ten  days,  After  Kxingiedoac;  to  ttrtttyd 
irhcn  it  bad  brcn  ^vtn  continuously.     In  nbbitx'  arine  it  WM  found  far  iM^ip,! 
dojrt'  tot  160  (lay<i,  after  the  admiaUtntioa  wis  fltopfwd.     Tlic  ellmiiutioa  tod  leM- 
tion  in  <ioi;%  hat  bci^n  ttudicd  hy  Dulcbcr  and  SImI,  1014. 

DixtribiilioD  in  TluuM.— The  anenic  is  stored  in  all  the  tbaiiM,  bat  taMulrh 
tbe  livct.  kidiit)! aniJ  lii-urtilniin  tbc«]celetal  imiKlnaad  bnla  (Blarauw  I>mn 
■9071  Eckdi:)-,  human,  1913).    In  the  liver  of  doo*  it  ii  found  at  »a  ancnial  w»a»y 

Gtcin  (SloirtiafT,  iqoi).  The  tfribr^tpinul  fiiitd  <xint*ias  at  most  traco  b  viad 
ividualii  (l'!(;kcley),  more  in  mcnini-ilis  (Find  and  Leroad,  tQi  j).  AncaictlHpM* 
acitns  thr  plutentiii  •:irculatjnn  to  Ihc  fetus.  It  ik  ju«t  as  toxic  when  iakcteiioHlW 
mesenteric,  lu  by  the  jugulnr  vein,  &h»iiinii  that  the  liwt  neither  aeulOBjHMfRlik* 
It.  It  I«  Ins  toxic  i>n  hyiiudtrmif  injection,  since  it  entcn  into  more  ilovir  AndNi' 
compound*  with  Ihc  liuue  rlemcnu. 

Depostion  in  Hair. — Afior  the  admlnlstnitlon  of  anenie,  the  bait  contnithMcl- 
able  (jit.kniiiii-j,  in  firm  citnbinutitin.  The  deposition  i>  alow  but  pcnbtmL  IVR' 
tore  none  i*  found  in  acuiFly  faUl  pottoning,  tbecariint  demoaitnttion  beinaillRiM 
ircckji.  It  mny  then  pnsitt  for  monchfi  or  yean,  long  after  the  metal  hat  iliii[ti'nit 
fiom  the  liver  and  bones  (Meffter,  191$). 

Normal  Occumnce  of  Anealc. — .^.Giutiei,  1899.  found  minute  traces  el  trfoic^ 
normal  tiitueiL,  lln  univcrml  prewnce  wnii  cnnlirmcd  by  Bcrtrand  and  all  ite  *•* 
worked  with  ftufTieiently  ddicaie  methwJs.  In  man,  it  occurs  euwdaSy  b  tbt  (kpil 
(a.lG  mK.):  also  in  the  thymui,  br»in.  and  skin.  It  apfwara  to  be  la  ofCUk  CM*"*^ 
lion  mtn  the  nucldn.  Xoec  is  found  in  the  liver.  Tqh  artcnic  ii  uitradnoej  vtlfci* 
food  and  especially  the  drinking  water.  {.\c«ordlnR  to  the  Royal  Coainfasiea.im. 
the  quantity  of  arsenic  In  food  should  not  exceed  Hoo  ('■  Per  pound,  or  ta  i^fc 
per  jtallon.) 

The  qunntily  r.f  arsenic  normally  prcwnt  In  the  intestinal  caUAl  iMWr  «KM  H( 
mg.    LdruL-r  '.luuniiiici  iiiiiiii  ti>  poisoniof  (Gautier,  1904). 

Etiology  ol  Anenic  PoiscoloK. — Ancuc  mu  at  one  time  uwd  very  exi«niiv4rlK 
rriminal  noisoninj;,  cs^ially  in  ihe  seventeenth  ecnlury.    An  Italian  wanan,  Iw''*; 
carried  this  science  to  iti  greatest  refinemcDt.  usine  under  tbe  nameof  "AcquTMui 
a  mixture  of  anwnic  and  iiiiiiiiiiliimililiiiiidfiiiiii  I  In  |iiilii  fiiil  jiijn  mf  ■iiiiiiilip***"' 
idth  arsenic.  ^ 

At  Ihe  prewnt  time  arsenic  is  less  used  with  criminal  intent,  the  nost  liu|i|' 
fomu  of  pouoiung  bring  suicidal  or  accidental.  Tbis  may  be  attributMl  lo  ibt  fm^ 
tlon  of  Eheffllc  meaoa  1^  detection,  which  allow  of  the  ditcovei^  of  the  mlnkil  n^ 
Accidental  nolsonlnt  has  been  InsL-ne'l  to  some  extent  by  rtqtibinj:  ibe  ptnanlknt  ■ 
arfenic  said  at  retail  to  be  colored  diber  with  kmp-Uack  or  indigo,  an  taat  l>»]r* 
not  have  the  innocent  appearance  of  a  white  powder.  Thi*  w  alM  of  some  bv«(M« 
in diAEnusinj:  the  poisomnjc.  ihecolorof  the  vomit  caltlnicatlrniiun loll,  BitacdMa 
and  luiddal  poisoiung  is  still  very  common,  since  ar>enic  is  10  cxirnsivdy  disuibtM 
It  is  cuy  to  obuMa  it  >s  a  rat  nnd  Sy  pi^son.  It  is  f mjuently  u^ed  in  Ihe  irtb  hn 
gmn  is  a  preparation  whose  sale  Is  meoosi  unrestricted.  A  urea t  man^  oJUwrnacK 
pTcparatiani  un  the  raaricet  coBtain  nrscnic  and  hare  RJvvn  rise  to  acadnls.  I^**^ 
of  artcnlc  rompoundt,  sueb  oa  Schwdnfurth  green,  aa  pigmeiUi  bas  been  tUMm 
prohibited;  but  a  gr«at  many  of  thecoa(-(ar  ^y/i,  wbkh  arcpopular  at  theprt«cni  ^• 
cnq^y  arsenic  in  their  preparation,  and  very  Creuueatly  lUs  is  not  cntirtly  rcwwa 
Formerly  U'o'f  P^ff  dyid  with  arsenic  compounds  was  a  common  lourte  of  arn 
poiaoninjt.  but  thU  haa  now  laritely  diMppcartd, 

The  arsenic  Is  given  off  from  these  papers  as  dust.    How«vef ,  undonblad  (SM  •< 

Eiftoning  hnve  nlto  occurred  when  the  arsenical  paper  was  complMefy  cnwml  tr  * 
rmleM  paper;  in  these,  some  votatile  arsenic  compound  must  be  formd.  _  _ 
Most  modem  *«ll  papers  stitl  contain  minute,  but  pracikaBy  btdgoUttai  no* 
(Schnk.  tgiO.  The  pcnnJulblc  limit  nfafKnic  in  papers  is  placed  at  aigr.MMi^ 
yard;  but  this  is  probably  not  quite  hamlcKi.  The  Iturrnu  of  Chemistry  ol  OkTsM 
States  Deportment  of  .Agriculture  has  sniil>-ze<l  a  number  of  papers  on  tlw  ■^■"^ 
market  (llaywood  and  tt amer,  1904).  Cher  90  per  ccnL  of  tiiesc  contained  la* UM 
0.046  gl.  per  suuarv  vard,  and  are  therefore  i^tt.  Fwi,  rut*.  «tif«triet  war  kss  Wti»- 
factory.  BlMt  ifaciiHn  particularly  often  cootoiiMd  quantities  m  ummIc  <abo«cft** 
gr.  per  square  yard),  which  mui^l  be  considered  dangerous,  coa*iderio(  their  IwIm* 
contact  with  the  skin. 


Frsiit!,  after  the  uic  of  niiciiical  inwdicidc  sprays  (Burdenui  mixturE,  lead  arsciiBtc), 
contain  ar<cnic  (And  lead),  tor  Icing  pciiod>  (Sonntog,  191$).  The  quantities,  huwcver, 
ait  probably  unimportiuit. 

Course  of  Acute  Arsenic  Poisoning. — This  may  he  very  rapid:  In 
fulminanl  catrs,  ihe  withdrawal  of  Ihc  blood  from  ihc  general  circulation 
into  the  splanchnic  area  may  produce  prompt  collapse,  and  death  before  the 
enteritis  has  time  to  develop  (corresponding  to  "diy  cholera").  Usually, 
however,  the  symptoms  do  not  appear  for  from  one-half  to  one  hour  after 
the  arsenic  is  taken,  and  then  run  through  eighteen  hours  to  three  days 
sometimes  four  to  fourteen  days. 

Acute  Symptoms.— The  suspicion  of  the  patient  may  have  been 
aroused  by  Ihe  sweetish  astringent  taste  of  tlie  substance,  .\lmost  the  &r^t 
symptoms  are  vomiting  and  profuse  and  painful  diarrhea.  The  with- 
drawal of  water  from  ihe  bodj'  leads  to  great  thirst,  drj'nesa  of  the  mouth 
and  throat,  and  difSculty  in  swallonnng  ajid  articulation.  The  urine  is 
diminished  and  often  bloody  and  albuminous.  The  nervous  symptoms 
consist  in  \'crtigo,  headache,  and  pain  in  the  Umbs.  There  will  he  cj'ano- 
sis  and  cold  extremities.  Toward  the  end  occur  syncope,  coma,  clonic 
and  tome  spasms,  and  a  general  paraij'sis.  Death  usually  occurs  by  ex- 
haustion as  a  result  of  Ihe  prolonged  gagtrocntcritis,  as  in  cholera. 

In  (he  subacute  poisoning  the  inllammation  of  the  mucous  membrane 
of  the  alimentary  canal  is  prominent.  Inflammation  of  other  mucous 
membranes  also  becomes  conspicuous,  and  shows  as  conjunctivitis,  coryza, 
stomatitis,  salivation,  and  pharyngitis  Skin  eruptions  make  their 
appearance  if  the  arsenic  poisoning  is  at  all  prolonged.  In  this  case  there 
are  also  symptoms  arising  from  the  central  nervous  system,  as  well  as 
neurit  cs. 

The  diagnosis  of  acute  arsenic  poisoning  is  made  by  the  violent  gastro- 
enteritis. This  can  usually  be  distinguished  quite  easily  from  that 
produced  by  acids  and  alkahes,  by  the  history  of  Ihe  case,  absence  of 
corrosion  in  the  mouth,  and  furthermore  by  the  leaser  prominence  of  the 
local  symptoms.  The  very  quick  onset  distinguishes  it  from  other 
metals. 

Autopsy  Findings. — ^The  patient  appears  emaciated  from  the  with- 
drawal of  liquid  from  the  body  by  the  profuse  diarrhea,  and  tlus  even  if 
he  retains  a  fair  amount  of  adipose  tissue.  The  appearance  of  the 
alimentary  canal  wiih  its  large  amount  of  fluid  and  the  presence  of  shreds 
of  mucus  and  false  membrane,  with  usually  no  pronounced  corrosion,  arc 
characteristic'  Microscopically  gaslroadenllis  and  cell  Infiliration  are 
often  seen. 

Thc^  body  after  srsenic  poisoning  usually  pulrcGcs  very  nlftwly  4Bd  may  bccomt 
iDummifird,  whkh  alwuys  onuses  a  suspicion,  althuuicli  it  is  not  at  sB  ■  proof  of  Mich 
poisoning.  The  positive  proof  can  be  lurnishcii  only  by  the  chcmlc  ctatpination.  It 
must  not  be  f.itgutlen  that  arsenic  is  frequently  inlroJuccd  into  Ibe  body  in  the 
cmbalmin);  Quid, 


Fatal  Dose. — This  varies,  especially  with  the  solubility  of  the  prepara- 
tion, etc.  Of  the  trioxid,  5  to  50  mg.  arc  toxic;  0.1  to  0.3  Gm.  are  usually 
fatal ;  but  recovery  may  occur  after  much  larger  quantities.  The  mortality 
is  50  to  75  per  cent.  (Lewin), 


■  See  Plata  49  ud  so  of  B.  *.  Uoliuiuii  AUm  at  LomI  Medlciot,  W.  B.  Sauadtn  Co. 
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Treatment  of  Acute  Poisoaing. — Acuit  arsenic  |>oi$onin9  is 
tieatfd  by  luvagf  with  wa.rm  water,  cmcUcs,  or  purgation.     The 
anlidoieft  are  of  doubtful  \-alue. 


Ftrri  Hydroxidum  cum  \tagnesii  OriJo  (we  Index}  wm  long omMdered  tkel 
tidotc,  the  (vrrii:  hyilratc  umi  anunk  fuiniJnic  a  cumpouDtl  which  »'»s  deencd  : 
insoluble.  Ue  Buichcr.  moJ,  iiciicvi-j,  liowcver,  Ihai  the  compouod  b  even  am 
ubie  thnn  nrscnnuK  arid,  nnd  thnt  il  in  tiuilr  ini^lTcrlivc.    So  bUo  M  hydroica  itMH 

The  hypuilurmlc  inji'divii  u(  •H-i/nrnHnt  sulphaU  lui  Mvcd  '"inwtt  [nun  btd  MR 
of  arsenic,  even  wbcn  the  laticc  u-os  alui  injected  hypodcnt^cally.  PraEunaUy.  dHt 
cuitly  »i>luble  anenic-magnesium  <^>ni[ioijiid»  Arc  formed  (^W,  I9i>).  Bowcvo; 
the  anliilute  must  be  usecl  very  promptly,  and  the  effective  doM  of  iMgMawW  h 
itself  duneFrous. 

Arsemuretted  Hydrogen  (Ai'Ht). — TIuk  ik  an  eitremrly  loiic  gu,  *o  thai  a  )e> 
bubbles  intiy  bu  (aral  to  mu[i.  It  is  pnxluciv]  in  iFad'buruinK:  by  (lie  action  of  bapsr 
tulpliiirlc  Aciil  on  metalt;  from  fccrotiticon,  cic.  It  may  produce  Ute  onfiBa/yansk 
phirm>rii<.n.t.  but  the  lii.iic  i-lIecU  ari-  nininly  due  In  hcmoljtu.  It  Conbiae*  trith  tb 
Lemoglubin  (Mi-isaner.  iQij).  and  di-struyi  the  curpustleii.  The  •lytnMaai*  •*(  a(M 
dclaj-ed.  and  start  with  nialnise,  colUpsc.  fa,inting  fiti,  etc.  Thii  i>  folfeved  hy  UooA 
urine;  icterus,  puinful  liver  and  kidneys;  evrnlually  by  anemia  (SiadelBiaiia,  lttl)> 
Severr  cases  may  die  during  tlie  earlier  Dtaj^cs  wftn  o^nt'ultluna,  ileliiiuin  and  umt. 
The  gas  has  a  choractcrialic  garlic  odor. 

"FerrosUieon."— TbL>  \s,:i  mixture  i>f  Fcand  Si  compounds U!«id  in  the  laiiw'"'"'' 
of  st<f[.'l.  In  llic  prc&i-nLF  uf  water  or  moist  air  (as  ia  ahipmeiil)  it  libenwiib» 
phoreltcd  and  arseniurctled  hydro^n.  which  have  produced  falal  poiuning  (J^UIJL, 
S5  :  7S1,  jyio),  The  grndcs  cuntiiining  JO  tu  70  per  cent,  of  mLicoo  are  much  RUtcn^ 
Ject  to  the  decomposition,  and  are  llicrcfure  more  dsniccruua  than  tiiasc  f nntiinwf  1 
greater  or  smaller  jicrcciitoge. 

Garlic  Odor  with  Arsenic. — This  n  a  rather  characteristic  feature  aBdcr  oniia 
conditions.  It  is  noted  when  the  metal  is  burned  in  air  10  AsiOi.  AlouJdt  cx>*<>f  ■* 
(lamp  wall  paper  and  other  arscnical.i  produce  it  bj;  forniing  ethyl  ariia.  AjiCifWiS- 
The  odor  \\  sometimes  <>liser\'cd  in  the  anicnlc  vomitux  (Gumprcchi  I,  and  ii  ptobdUr 
due  lo  redmiion  pnKlutt.\,  Garlic  breath  doe*  not  occur,  or  \ay  neAy.  In  tie  tho^ 
pcutic  administration  of  inorganic  arxalc  compound*,  but  U  vtry  Unas  after  (be  ■■ 
ol  cacodylates. 

HtbitUAtiOa. — The  mountaineers  of  Styria  and  certain  other  regiom  PWwit  auiw 
onccortwice  weekly,  ai  a  general  uimulani  and  Ionic.  Thiii  >|^iii  in  [n  In  iiiiiiia|iT> 
able  evidence  that  they  gradually  accuslom  thrrosclvex  to  uw  mih  immunity  quaolite 
of  anenic  (lo  0.4  Gm,)  which  would  produce  very  serious  toxic,  irritant  and  cuartltw* 
excels  in  ordinary- Individ uaU  (Schaeicr,  1861;  Knappe,  187J).  Hus  tolerance  caad* 
be  induced  in  dugs  and  rabbils.  Clociia,  1906.  aiiributci  it  t«  IwaeneJ  aliMipte 
from  the  alimentary  canal;  Hausmann,  tuo6,  lo  iucreaied  excrttioa.  The  bUcf  aha 
showed  that  the  corroiive  action  on  the  inlcitinet  'a.  decreased  by  habhnalinti.  Tiih- 
drawftl  docs  not  cause  an^  abstLnenoe  symptoms.  cii'Mi  if  tbc  aneaic  has  been  a* 
Gumed  for  yeart.  ^asdumoglu,  191(1,  finds  that  the  abso^tion  of  sasi  doA 
in  dogs  is  not  diminished  by  habituation;  but  that  il  is  rather  lacreaacd  in  actiMteB 
with  the  larger  dose.  However,  habiiiiation  lead.^  to  increaaed  rcautanc*  d  the  lM» 
final  mucosa  to  the  inflammatory  and  necrotic  actions  ol  ancflic,  which  wxld  paasM 
the  ab>.)ipiion  of  toiit  do»^.  I'oc  this  reason,  the  absorptiao  of  largedcMMisMsBa 
in  habituated  animals. 

Omxiic  Arsenic  Poisoning.—In  ihia,  chronic  Kastro>intestiaal  csunt 
develops,  possibly  with  ulceration.  The  less  intense  but  persistent  capil- 
lary paralysis  gi\cs  time  for  widespread  (atty  and  other  degcnerWi« 
changes.  These  afTcrt  fir^t  the  endothelium  of  the  capiUariet,  bier  tbc 
intestinal  epithelium,  and  finally  the  cells  of  other  organs — liver,  kite?t 
heart-muscle,  eic.  The  increased  Mze  of  ihe  fatty  liver  may  cause  p^ 
sure  on  the  bile-ducts,  consequently  icabsorption  o(  bile  and  ictoA 
There  Ls  a  considerable  tendency  lo  the  development  of  local  cffifiW**^ 
swelling  of  the  eyelids  is  fairly  churaclcristic 

Impaired  nutrition  or  toxic  actions  on  peripheral  nervts  givt  tat  ^ 
polyneuritis,  with  atrophy  of  the  muscles,  ttisturbance  and  pMiJ)** 
sensation,  and  of  the  special  acnscs  (blindness).    The  voice  b  iMjpxnr 
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altered,  from  the  paralysis  of  the  vocal  cords.  The  skin  is  also  particu- 
larly alTectcd,  perhaps  because  it  lakes  pari  in  the  excretion.  This  action 
results  in  acne-like  eruptions,  crfoliation,  and  in  falling  out  of  hair  and 
(ielaohmcnl  of  linger-nails.  In  a  few  cases  a  peculiar  cuUincous  melanosis 
can  be  noticed.  This  is  not  due  to  a  dcpo^iiion  of  arsenic,  but  to  the  for- 
mation of  organic  pigment  granules  in  the  epidermis  and  the  exterior 
layers  of  cutis  [Cans.  1914).  The  mucous  membranes,  especially  the 
conjunctiva:,  may  also  suffer. 

The  diagtioiit  of  fhronie  arsatic  pohonini  may  l)c  iomewhat  riifficuU  because  thi 
Bympti'tni  ait  Minu'limcs  quite  obscure  or  resemble  ven-  closely  those  pfixluctd  by 
chtonit  leud  poiwinxng.  There  i«  »omc  djllcrpncc  in  the  Klcrlric  rfacUon  ot  muscle  nnd 
the  nbsencc  of  the  blue  line  on  ihe  gums,  which  art  charar.ti'ristic  ol  load,  bat  in  other 
cases  uf  the  acute  or  chronic  form  [be  chumic  cxaminatiun  U  Ihc  only  ubsolule  tneaos  oF 
making  the  diagnoiin. 

Chranif  arsenic  poitttmng  is  ttefttcd  by  wilhOmwing  tlic  cause;  the  same  nieasuic 
■nay  a1si:i  be  uM'd  as  For  chronic  lead  poisoning- 
Causation  o(  Nervous  Phenomena. — These  arc  not  solely  due  to  ischemia,  even  in 
acute  poifioniiiy.  but  niual  be  pailly  direct;  (of  ihry  ix'cur  also  in  (rogf.,  whose  nervous 
lUncliona  are  not  immediately  influenced  by  the  blood  supply. 

Therapeutic  Use  in  Nervous  and  Rheumatic  Conditions,— .Irscnic 
has  been  u.ieil  in  chorea,  neuralgias, and  ihe  various  rheumaiic  and  arthritic 
diseases.  Its  effects  arc  usually  not  striking,  and  may  probably  lie  referred 
to  the  general  tonic  action. 

Effects  on  Metabolism. — ^These  resemble  phosphorus:  Therapfutic 
doses  check  oxidation,  and  favor  nutrition  and  growth,  even  in  adults. 
The  bones  l»ecome  larger  and  more  compact.  The  condition  of  Ihe  skin 
is  especially  improved.  The  blood  formation  seems  stimulated  under 
suitable  conditions. 

Bxttssive  liosrs,  as  with  phosphorus,  lead  to  increased  excretion  of 
nitrogen,  loss  of  weight,  lessened  gas  melabolisni,  fatly  degeneration  of 
tissues,  acidosis,  decreased  functionation  of  organs,  destruction  of  blood, 
icterus,  inability  of  the  liver  to  form  glycogen. 

Bepatic  Degeneration. — A  further  analogy  wiih  phosphorus  poisoninK  consists  in 
fatty  degeneration  of  the  liver  cells,  more  mnrked  witn  inorganic  Inan  witii  organic  a,r 
senic  com  pounds.  With  iniravi'nniis  injcciion,  this,  is  l.)c»HMd  around  Ihe  rentral  veins; 
with  hypodermic,  it  is  more  senetal  (I'ttmann,  igi^]. 

Tiisiu  Dtgrnemlions. — ^Toxic  doses  pniduce  deccncrativc  chonges  nlio  in  the  kidneys, 
capillaries  and  btiii»l.  P.ilhnloj^ic  lis'^uc'i — malij^nanl  lymphomatn,  syphilitic  gummnta, 
etc. — ^are  more  iusteplible  and  may  be  atlaclied  even  by  tberapculit  doses.  E^peii- 
Oieittal  lumofsm.iy  also  be  liqueficiiand  d^lroyed  rNcubere.  Caspatiand  Loehe.  mu). 

Factors  Concerned  in  the  Metabolic  Actions, — The  melooolic  ctlecl  is  <|uilc  variable, 
Bl  it  depends  upon  a  number  of  muloally  opposed  tnunn.  Amunt;  these  arc:  (lie  capil- 
lary dilatAtion:  stipnoudly  a  direct  nclicin  of  arsenic  uikon  the  cells;  and  the  action  un 
the  Kaalriviiilcstlnal  canal  and  on  Ihu  kidneys.  Small  i]o«e«  of  arsenic  incrca«c  the 
gdiiriV  ttcrtlion  (Klocman.  igu):  larijet  doses  cause  irritation,  colic  uud  diarrhea.  In 
common  with  other  inlestinnl  irritantt,  it  increases  the  output  of  uric  acid  f.\bl,  lijlj). 

The  intcrjction  of  these  (actors  may  produce  itiflereni  fr^ull*.  so  thai  the  r^prii- 
mental  data  must  be  inicrpreled  cautiously,  .^s  with  a.il  metabolic  effects,  ualy  tlie 
grn^  fratures  arc  known;  the  detailed  actions  on  special  organs  would  probably  be  even 
more  Important. 

Therapeutic  Use  in  Blood  Diseases.— Arsenic  is  exeifioytA  with  limited 
success  in  various  Irucrmias  and  anemias,  especially  in  pernicious  anemia; 
and  with  iron  in  chlorosis.  The  results  ate  generally  referred  to  an  action 
on  the  bone-marrow,  but  in  some  cases  may  be  parasiiicidal.  This  is  the 
basis  of  its  use  in  malaria  and  syphilis. 
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Anmk  im  /xwnwM.—Tbe  retults  are  not  briUiant,  bat  it  luuDy  Imprsva  At 
geaenl  oandituiu  lomcwhat.  The  ewly,  mMti  K«ge«  arc  mott  ptaaaatt  (Bak. 
i9U)- 

Artfjtic  iit  Syphilix. — Th»  Ji  not  entirely  new.  Arsenii:  wii»  used  ia  ibc  diprf 
Fallopius,  and  mtermictenil)-  sbcc-  Tbc  dificulty  lie*  in  tlic  toxidty  d  JoMt 
dom.  Ucrzfeld,  igii,  odvbn  tJie  palaltn  h)-pu(l«rmk  or  ismiBuaaiwiijKdH  J 
I  per  cent,  todiun  arseoite. 

Acii«iM  OH  Benr-marrotv  and  Stood  PormalUin. — In  nomul  uUntalt,  the  Aditf 
kiseolc  on  tbe  marrow  ate  mainly  daatnicllve:  atrophy  of  ilie  (at  celb,  dOUfaaMi 
multiplication  of  ihc  cnpitlarin;  increase  of  the  leuoaUutic.  but  nal  if  cfyiknbkai 
wlls  (in  contrast  (o  bemoriKagc).  Ijir)^  doMs  cautc  fayalinr  dfjttotatba  ■>' 
anemia.  Similar  changn  are  produced  by  other  mctaJ»,  orgao  extracts,  pcpuflOiA^ 
(Stocknon  and  Chnttcrit,  1903). 

SancyoHhl.  tgij.  ha»  also  brousht  evidence  that  ordinary  daws  of  aiMnkd*M 
Bormally  stimulate  the  piuduction  of  curpusdes.  It  Is  cunceiyalile,  b«L  Mt  dcai» 
Mratcd.  that  it  nets  more  ponitivcly  in  anemia,  voa  Hooalia.  1913,  duna  pma^ 
mtorntion  of  hcmujilobin  and  erylhnxytts,  dccrtsse  of  lymphocytea  and  ncicHta 
otutruphilu.  Ita  chnjcal  effects  iDttht  aba  be  explained  by  the  anlUtwuljlk  ii», 
vbicb  has  been  deraonttrnted  by  Gunn  and  Feltham.  igit.  Ttic  viacotitjtfAi 
blood  1«  sometimes  ilishlly  LncreasMl  (Fktmachidls,  ifjn)* 

ReiiitniKf  of  ErythrotyUs. — A»  judged  by  hypotonic  hemolysis,  Ihii  i*  iaowid  kj 
thec^eutic  doses  of  arsenic  in  nnemioiL  Iiill,  191  j,  luggat*  thb  as  as  ciphwlkag 
the  dinksJ  {mprovemrni. 

Btoee.—AnicniclcadstofAiVjIniitH^K/lAirbonnaDdfiUiiiitupof  the  Havcniucaili. 
(Gie«,  18;;),  which  may  potubty  justify  iti  utc  in  rlttuts  and  atit^m-itMit. 

Skin.— Arsenic  b  extensively  used,  externally  and  internally,  to  ia-l 
prove  the  nulrilioii  of  the  ^kiii  nnrl  hair,  ami  in  Tiun-puruMtk  chroitic  Ail' 
disciLH.'s.  It  should  ni'vcr  be  u^cd  in  acute  inflamtDatory  conditiom  " 
results  are  often  disappointing. 

HarUell,  1908,  coniidera  it  most  sucoeaaful  tn  recent,  ikiwly  ipreadiiig  fMlfawi  I*  ^ 
chronic  i,tatioiuin-  lichen;  and  of  limited  value  In  twmpblinui.    lu  injudtdoMwIl 
often  very  harnilul  to  the  skin  (pii5incntaIion.  etc.).     Ar»cnJC  b   lued  ejUMlrfp' 
Maimiry  pratlke,  to  improve  the  appcaiance  of  cattle,  by  brigbtcoing  the  toll  Mi 
laaeatlng  th«  BubculaniMus  (also  the  peiituaeal)  (at. 

Otyeonria. — Artenic  treatment  (not  ttlvaRtan)  lewena  aUmeotary  glyeaini* 
doo.  Ithu  no  effect  Ob  epinephrin  gl)-co«aria  (Bcgemana,  1911}-  It  haabctatM 
la  MMMM  diaitUi,  but  without  much  lucccM.    Atwnic  jMJsaniBC  cauMt  i*f*l»a 

gycogen  from  the  liver,  and  leads  to  tbe  formation  of  Ibcik  ackL  Small  doM  ikMA 
igcr  dosee  retard  tultiyiis  (of  the  livw;  LaqHcr  aod  ICttingrr,  loi  i).  Smtt  tm 
IncreaM  tbe  ealaiylk  a<Siom  of  the  blood;  lar^tr  do6t!>  ha%-c  lilttc  cuoct  (OuactA  M 
Jodlbaucr,  1911). 

CactiMtic  ConditioDS. — Arsenic  U  emplo)-ed  as  a  tank  in  a  variety  o(  thett  LuntlMt 
especially  alter  malaria;  In  tubrrrulivsit,  and  in  a«thnu.  Altbouipi  il  is  otdri"^ 
stood  how  it  may  be  of  bfiicfii.  iIa  Nctual  use  muiI  be  entirely  emtnrical.  Wt  &>*^ 
know  sufficient  altoul  the  natuteof  Ihcic  conditions,  oor  can  «re  predkt  ibeadkat^ 
Btacntc  with  suflicirnt  certainly,  to  be  nble  to  (oretctl  Its  rcsulta. 


Dosaee. — The  ordinary  tonic  doM  of  atMnJc  Irioxid  is  1  to  t  b(-> 
Ho  '*>  Ho  %^-'-  of  t^*^  hquid  prqiaralions,  3  to  3  drops,  three  linKidttJ'- 
For  more  energetic  effects,  il  should  be  aimed  to  establish  B  tdoW* 
by  beginning  with  small  doses,  and  gntdually  inereasinc  ihcw  «»' 
some  local  manifestation  of  the  arsenic  appears — u&ually  <flarTb* 
colicky  pains,  or  conjunctivitis  or  swelling  of  the  eytlitis.  As  won  u 
these  arc  seen,  the  amount  must  be  diminished.  The  starting  doic  an 
be  3  drops  of  Fowler's  .solution,  or  5  mg.  of  the  oxid.  three  Ume*  wj't 
increased  by  i  drop,  or  i  mg.,  every  day.  All  the  official  liquid  tt^"*^ 
preparations  contain  i  per  cent.  Tliev  may  be  given  in  waut^tw 
trioxid  in  pills,  often  with  iron  and  strychnin. 
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nePARATIONS— INORGANIC  ARSENICALS 

*Aitenie  Triatidtim  (Xnta.  TrioiOi  U.S.P.;  Acidum  An<uioiumi,Ani.  Anca.), 
.,  Ancfiic  Trioxid.  Anciuou*  Anhydride,  Anenoui  Odd,  Anenoiu  Acid  (White 
inii-j,  AhO,. — White  powder,  or  irrcsular  musM  i>(  two  voriedet;  one,  nmorphous, 
tnuuAarcot  and  colorlm,  like  glM;  the  other,  crystniline,  opaque  and  nbite,  mcmbling 
poKelain.  Both  are  odurlcM.  Slowly  sol.  in  3,0  (){lttaiy)  or  100  (Dowdeitd  or  purcvlain) 
ports  of  irateri  is  15  boilios  irslcr;  sparingly  in  ale.  Frcdy  «ol-  in  hydrochloric  acid 
•nd  ftlkalie*.    Ihte,  1  mg.,  >so  gr.,  U.S.P.;  i  to  4  mg.,  .1(4  to  y^^  gr.,  B.P.j  naximum 

'Liftur  AcSt  Arsmoni  (IJq.  Acid.  ,\r»en.),  U.S.P.;  JUf.  /trjf»,  llyatoehl.,  B.P,— 
I  per  ceDl.  of  AihOt,  o,;  per  ci^it.  }ICI.  Cleu,  colorleM,  acid  liquid.  IncompattiU 
i,ti  all  anenic  Mlutioiu):  Salts  of  iron  and  of  raagneuum;  lime-water;  tanniof.    Dctt, 

C.C.,  ^  minimi,  IT.S.P.;  0.11  to  0.5  c.c,  2  to  8  mininu,  B.P. 
toiK  leiidum  {.Ktku.  lod.),  VS.f.,  B.P.;  Arveooux  lodid,  Ai    !». — Orange-red, 
irous,  crystalline  powder.    Sol.  fn  water  (i  :ii),  with    partial  dcrampMltloa 
.  5  m?-.  Ha  ?'■.  t-S.P-;  3  to  n  mg.,  Ho  to  H  S'-i  B.P. 

'Ltquor  Arjfnif  el  llydrartyri  ledhlerum  (Llq.  Ancn.  el  Hydrare.  lod.],  U.S.P., 
BF.  (Donovan '1  Siilution}. — KcpreMnt«  i  per  cent,  each  of  .\sli  and  Hglt.  t>»tt,  0.1 
c,G.,  i^  mininu,  17. S.I*.;  o.^  to  i.i  c.c,  5  to  >o  minim*,  B.P. 

'Lifuor  Polotiii  Aritnilu,  (liq.  Pot.  Anen.),  V.S.P.;li^nM  Antnic^U  (Ltq.  Aneti.), 
B.P.  (Fowler's  Siilulion;  Liquor  KalJi  Arsenico^. — PolaMum  arsenitc,  conopondinc 
to  I  per  cent,  of  A.11O1,  colored  and  flavored  with  Co.  Tr.  lavender.  A  cl«ar  or  faintly 
opnlccccnt  liquid  *ritfa  a  pink  color  and  a  tlight  odor  of  Uvendcr.  It  b  »lightly  alkaline, 
«ad  therefore  in<ampaimt  with  alkaloldd  lalts  (In  Addition  to  the  incompatibilities 
■nentiODed  undrrUq.  Add.  Arsen.).  Dost.o.i  c.c-,  3  mininu,  V.S.P.;  o^ii  to  a;  ex,, 
>  to  S  minimi,  R.P.    Maximum  dote,  a.^  c.c.,  8  miniin>. 

*Soda  Artcmtt  (Sod.  Arien.),  U.S.P..  Na^UAiO.  -t-  7H1O.— Colorleat.  Irsn«p»ntnt 
prisnis.  Freely  tol.  in  water  (i :  i.j}.  Don,  5  mg.,  )^j  gr.,  U.S.P.  Maximum  dott, 
10  mg..  H  gr. 

Sedii  Anmas  Euitt,«$ut  (Sod.  Arsen.  En.),  U.S.P.;  Sod.  Arun.  Anliydf.—FnxXy 
■ol.  in  water  (t :  3.1).  Doit,  3  mg.,  Vig  gr„  U.S.P.;  i.<  to  6  mg.i  ,^o  to  Xo  gr.B.P, 
'  Li^-  Sod.  Arttn.,  U.S.P.,  B.P. — i  per  cent,  of  NaiH.AiOt.  Do$t,  0.1  CjC,  3  "■■"■">!. 
V.S.P.;o.ii  too.;  c.c,  a  ti>S  minima,  B.P. 

I  General  StatetnenL — The  oreanic  compouods  of  arsenic  contain  the 
metal  in  non-ionic  iorm.  This  is  more  or  \cs>  readily  liberated  in  the 
organism,  with  tiic  gradual  production  of  the  ordinary  arsenic  effects.  In 
idetail,  however,  ihese  differ  considtriibly  from  tho.'tc  of  inorganic  arsenic 
compounds,  portly  because  the  whole  organic  molecule  may  act  as  such, 
and  partly  perhaps  because  the  organic  side-chaiii.s  alter  ihe  penetration 
•ml  therefore  the  i^eleclive  action  of  the  arsenic,  so  that  this  is  liberated  in 
the  cells  which  it  docs  not  ordinarily  reach  in  effective  concentration.  At 
all  events,  the  difference*  from  inorganic  arsenic  are  mainly  quantitative 
taiher  than  qualitative.  In  the  body,  the  organic  compounds  arc  leas 
toxic  to  mammals  and  more  toxic  to  protozoan  parasites.  In  this  wav 
they  become  available  for  combatting  lr>'pancMomus,  syphilis,  spirillo6M 
ana  other  protozoan  infections. 

However,  while  arsenic  irioxid  kills  Ihe  protozoa  in  test-tube  cultures, 
the  currently  used  organic  arveoic  compounds  are  practically  ineffective 
outside  of  the  body.  In  order  that  ihcy  may  become  cfTective,  ihej'  must 
be  altered  in  the  tissues.  The  active  decomposition  products  are  not  well 
known,  but  they  must  conuin  trivalent  arsenic,  wlltcb  is  vastly  mor« 
Undc  to  protoKoa  than  is  pentavaleot  aracnic. 
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Cbemic  Structures. — Cacodylic  Acid  and  Arsanilic  Acid  (Atoi>1)  m 
derivatives  of  arsenic  acid,  and  therefore  contain  l\w  p<-nluvalcnt  trscnc 
Salvarsan  (Dioxy-diamino-arscno-bciiEol)  contains  thvalcot  usak, 
which  acts  much  more  [lowcrrfully  on  ihc  parn&iles. 

Their  Uructun-  !i  lUtutntnl  bj-  ihc  farmulAt; 

Aneoic  Acid:  0-A«(OH)t;    O  -  A(^-OH 

\0H 

C*c«lyUc  Add:  O- jVi(CH,),OH. 
Anamlic  Add:  0'At(C.ll,N'Ilt)iOH).  (Aio: 
AcctyUr>Anllic  AeU\ :  O -  Aii(C,tl,\H  -  CHtC 
Diuxy-diBnuDu-aneoo-beiuMl:    (SalvarMn). 

A*    — 


OH         UH 


>)(OH)t    (AiMoctin). 
An 


Arsenic  Onnliirt. — Aticclc  Irloxtd  conulns  7i-74  P«f  ant.  of  UMuki  u 
sodium  anemie,  t4  per  ceol.:  audiuro  cKodjrtate.  J5.6  per  cenL;  wdfain  «miiii' 
(■toxyl),  1*  to  16  per  cent.;  mIvbmbd,  31.6  prTcenl.,  twoMlvwuui,  aboinl  lopnai'- 

ChemotherBpy. — This  term  has  been  restricted,  somewhat  arbitnril^ 
to  thi'  ]>iii-:i>iticid»l  treatment  of  infections  by  chemical  agcnu;  "Inl«ri 
Antisepsis'"  is  perhaps  a  more  descriptive  title.  ^^ 

Other  cxamptn  of  chcmolhernpr  arc  Ihc  upecinc  eS«cl  at  quinin  in  nuklil.  I 
mrrciiTv  in  typhllis,  and  potsibly  Inal  0I  the  Mltrylates  in  rheumatic  ftvcr.   Tli    . 

etc-,  wai otao hnphaxitrd.     The nccntdct  rl'>[>mcatof  (hit  &M  'miftciauMijiptUil*' 
IcmnlSc  w"ik  •>(  P,  Elirlich  aiiJ  hh  puniU.'  ^^ 

Affinity  of  Cbemic  SubsUocei  and  Living  ProtopUaai. — The  Rumeniiu  uitiiq^ 
which  irc  univcnallyclIcilivcaR.iinsI  infective  agetiU  ouuide  of  the  bodjrareiMini^ 
•Ilv  available  for  Internal  therapy,  bccaute  they  hav«.  lur  Ibr  mvtt  nifi,  a  (talfi 
albnity  for  thepruioplaiim  of  the  liq«t  than  for  that  uf  the  porautev  <Bci^i>lc]«ad  Qr 
licli,  1906).  Thty  arc  more  "oncnn  til  topic"  than  "pitaiitolrDpk,'*  and  llctoM 
more  injurious  to  Ilic  hi»i  than  to  the  paniiitc.  The  probicmofcltciiiotlirraprixk'* 
(ore  taiKClj;  one  oi  specific  »clectivc  aSinity  (penetration  or  otbcrwiie),  l«twcO  • 
specific  livine  ceiU  and  uperidc  chrmicnl  suhtlaocn.  TbcM  differtticcs  ait  awvr 
qunnlltalive.liul  they  \-iryj:rcal!y  for  Individual  9ubfilanc«4(a»itiuslralcd,lMN*iiB^ 
tiy  the  vital  «laining  of  litiuei;  the  triple  »lain  for  lencocytci;  llie  melh/ieM  bheW* 
for  nerve*,  etc.).  While  therefore  the  cn»tcncc  of  a  harmlcs*  itmrrol  iattttN 
anlineptic  is  hijihly  imnrolNkbie.  it  it  quite  conecivabW  that  a  Mries  of 
may  cxiat  which  combine  a  relaliveily  high  toxicily  for  a  certain  jhi: 
lively  low  toxicity  for  the  retU  of  the  hof.1.  Thii  hofiehax  not  Wn  i<*li^^  '*'*"?' 
tiocteria.  which  havrKmer^lly  a  very  h!|thresl!.tantr.  Thenratosnui  MtatltCkM"' 
other  hand,  are  much  more  susoeptlble,  am)  the  elforduf  Efirlich  In  thb  dtnrtlM IM^ 
been  hitthly  luccrtiCuL 

TTTpanoaiMiie  ExpcrimentE.* — The  experimental  ihempj-  of  proioanan  inftdlM 
w»*  moM  cun^'eniently  iiivi--iiB,itcil  on  the  T^ypanl»onle^,  wliii'li  by  their  lUfta* 
species,  produce  iJie  Irupical  "iilerping  Mcknc»,"  jiikI  similar  diseue*  la  aiMik 
Ehrlich  and  Shiga.  ig04.iiudicdtlieinfturnceofngTcntrwiet)-ofsubt1>iK«s<MilnF''f 
»omo  infeflions  al  while  niic«.  The  wanh  naa  at  &ru  bapbaxord;  but  »bn  |M>lll 
succe»ful  rrfrtill*  were  obtained,  it  was  totight  n'slcmatieally  to  improve  lhe«bjfdB^ 
ing  Ihc  side  ehaiai  10  ilc  to  incteOKC  ihdr  »pocinc  alSnity  for  the  CBeniorocnilun  ol  ■ 
pvK«>lie6.  The  ellcclive  aoents  found  by  Ehrilch  and  l)y  indepcMlmt  worarn  b«M 
to  four  groups;  (1)  Benaidine  Dj'ci  (Trypan  red.  etc.);  (i)  Batk  Tripbeoylamla  OfW 

>  P.  Ehrtiih;  "Beilra-'ijf  «nr  ftp.  Pilhnl,  and   rh«mothM,."   ivxt,     A  •Imfi  ilJafin^"  * 
Bhilieh'i  until  i>ip-n-n  l>r  t"  II'  Miilif.  I9ta,  J.  A,  M.  A.  11:  lOM. 

>  A  irnuiHii  ul  tht  tiptTiiiieni&l  therapy  ul  UfutMumn  laftillj—  li  ilvwn  by  B.  T.  TanT> 
IMem.  MnL.  ManA.  ■«««. 
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.ftmfucluiii,atc.);'(j)Anenlc  Compound*:  and  (4)  AniimoDy  com' 

■"    lulh. 

..  .      <Dt  wcK  ioiaoitant  mainly  by  elucidating  the  general  prindplea 

py;  for  it  wu  tiocu]  found  that  th^  drtaitnl  rtsulu  could  not  bo  ETiniferrcd 

ly  to  Enan:  Ascnu  whidi  were  effective  in  one  vpccics  i>i  hmt  were  of  len  much  Ins 

ve  la  another.     The  dyes  In  j>atli>.'ular  were  not  piactioiUy  available.  &ince  Ihey 

cauM  iiiteiue  colontioa  of  the  bodv.  irriuiion  and  nccnxii  o(  the  tkin,  ami  were 

Caelicilik.     These  objccliont  do  not  hold  for  the  arwnic  or  untimony  compounds;  but 

Irilh  tiiese  aim  iht  ^dency  (or  man  can  not  bi;  deduced  from  tlie  animal  experimcnla. 

Acquired  SuttaitUaaa. — One  of  the  mo»t  iraportdQt  mulls  mu  the  discover^'  that 

the  Injection  of  ineffective  dosM  may  gradually  render  the  ^nuites  lealstant  ("  fast "} 

bo  the  agent*  of  the  ume  group,  although  they  preserve  their  Misoeptibility  to  dnigt  of 

the oth«r  groups  vhich  act  upon  other  rcceplon  (T.hrlich,  igo;).     Inlhlt  way  the  try- 

panocldal  agenla  ma^'  be  divided  into  three  principal  jcmupfi:  (i)  Arunicals;  ())  Para- 

[ucbain;  and  (3)  Acid  aio-dyes  of  the  bcnAcpurpunn  seriei  (trypan  red  and  blue). 

Zlicre  arcnfcwiignitkant  cicciilion)^  to  these lavn:  Pvrooin,  which  contain.-*  no  arsenic, 

krijuM  Ksistancc  to  nrianilli:  acid.     Anenic  trioild  cfoM  not  re'ndrr  the  Iry'pBlotomn 

^^Bant;  bacteria  acquire  retlstunce  lo  inoi^[an>^  iiitenlc,  and  are  then  alio  reuxlaol  to 

IBniony  (If.  Mark*,  totoj.    The  anicnic  reniitancc  of  trypanoiomct  extends  only  to 

'aalnuls,  and  can  mil  be  aerooattntted  in  piV/i>.     F.hilichevplningihihhy  lessened  avidity 

^^die  parauics  fur  anenic,  so  that  ihey  do  not  compete  with  the  tisiue  fur  the  arsenic. 

Hwdiminution  of  anenic  avidity  U  a  graded  proem,  and  th«  trypanosomcs  may  be 

I^H  "fast"  cither  ngalniit  t)ic  weaker  or  the  active  ar&enicaU. 

^^^ii»  iotUKeptibitily  a  prcMr»*ed  (or  many  KCnerationi.  even  if  the  rtsislaot  parasite 
b  passed  through  a  succcuion  of  hnili.  It  is  Ihcrcfon:  woric  than  useless  lo  employ 
kniul  dose*,  Mnce  ihcM  would  only  render  the  organism  leM  xticrpliblr  lo  further  treat- 
^lent.  Ill  Ihe  phrsMOlogy  u(  Khrlicli.  one  muM  alsn  at  a  Thrnipia  Magna  Sl'tilham: 
pt  killing  all  the  protoaoa  with  a  single  moid^'e  dme  of  the  anllbcptic.  When  this  can 
Dot  bo  done,  the  result  may  sometime*  be  attained  by  emploving.  limultanmusly  or 
JMCO0Mivdy,  t«o  or  more  airents  beloni^Dg  lodi9orMilKroup*</.>.,Aluxyl  and  mercury, 
^fierenttein  and  Todd.  tqor). 

^  Armk  in  Protoioan  Infecliona. — .\rscntc  has  had  some  reputation  in  fypbiUs  ilnca 
uw  timcnof  Fallopius  Ulcsfeld,  1911),  and  ilic caoodjrlate  was employml  In  thbdiMaae 
^  Gnutier  in  iKgfi.  .Arsenic  was  also  used  in  malaria  with  tnlf  auccets.  Thew  in- 
•Uncvs  were,  of  course,  entirely  empirical.  Experimentally,  Lavcran  and  Mr^nH, 
31,  found  lliat  arwoous  acid  caused  the  temporary  ditupoea ranee  of  tr>'pnnoiomes 
itn  IIk  blcKMl  of  infected  mice.  It  has  also  been  uied  u-iih  loir  success  in  human  ca»cf 
erck'i  Rcpiirl*,  lOij)  but  the  really  elTectivc  done  it,  luo  danncroui.  A  more 
ctively  parasitotropic  modification  nii  found  by  H.  W.  Thomas.  io»S.  in  Arsanilic 
(Atox}-l).  This  compound  was  finl  prepared  by  Bccharop  tn  i86j,  and  its  general 
Invtstigatcd  by  F.  Blumenlhal,  iqoj.  It  wa»  then  u«cd  as  an  arstnic  tubKlilula 
diteases,  anemias,  etc.  tu  toxicity  to  inaTiinuUs  ia  much  lets  than  that  of 
Uioxid,  its  acutely  fatal  doM  bcin^  some  forty  time*  as  great.  It  proved 
.  cfflcac!au«  in  mice  and  wa«  tried  cxtenMvely  in  human  sloeping  sTckncM,  Miwcially 
Robert  Koch,  mo?.  In  man,  houner.  it  o(tco  catues  severe  Itoie  effects,  and 
clinkal  results  have  not  come  up  to  cipcclallon. 

■cliMa  Infections  and  Splnltoaifl.—Thc  iliacovery  of  the  infective  a«cnt  of 
by  S^audinn  and  HofEmann,  and  its  Irannmiiiihdity  to  monkeys  (Metchnikoff 
'Wui  Koux)  and  to  rabbits  (Bertarclli.  Pamdi),  opened  the  way  for  its  c^qierimenial 
:  Ihcra[ieutic4.  .Uterascriesof  triaU,Ehrllchand  (lata.  igio.  found  that  Dioxy-diamlno- 
i.ancno-benKol  (SolvorMn)  was  highly  specific  oeoinst  sinrochete  and  certain  other  pro- 
[taaoan  infections  In  animals.  In  human  Kyphilit.  the  mults  ha\'c  not  born  quite  aa 
UMltite,  but  itni  more  ra{>!d  than  with  the  old  forms  of  trtalmcni 

General  Statement— The  effects  of  cacodylic  acW  (dimethyUr^iuc 
acid)  are  eflM^iiiL-iliy  thosir  of  ihc  inorganic  arsenic,  to  which  it  is  pully 
rc<)uc<.-d  in  ihi-  body.  Since  this  reduction  tKcurs  but  slowly,  the  actioa 
5s  mort  [milongL-d  and  less  loxic,  and  ihc  local  irritant  effects  are  avoided. 
It  hu<  therefore  some  atlvantage.  On  ihe  other  hand,  Ihe  degree  of  reduc- 
tion, and  therefore  of  the  eftecl,  is  variable;  and  the  cacodylate,  cspe- 
ly    when   given   by   mouth,    impairt-s   »   garlic   oJor    (from   cacodyl 

•  The  cbcmiiti'jr  d  Uie*til>«  isdison— 1  br  K.  Scbiteitwr,  Seimcc,  D«.  0.  ipia. 
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ootid,  A»](CH])iO},  to  the  breath,  sweat,  uriite,  etc.  To  at-oid 
more  rapid  reduction  in  the  stomach,  intestines  and  liver  (HcStcr,  tgoili 
it  i.i  usually  administered  hypodcrmically  or  intramui^ularlv. 
doses  produce  loxic  symptoms,  due  mainly  to  the  tonk  an 
(Schuiz,  i-t;<>;  HcStcr,  iqoi;  Dawes  and  Jackson,  1907),  altbou^  Ibc 
cacodyl  molecule  may  conceivably  play  u.  piiil. 

Ttiempeutically  it  is  used  in  the  same  conditions  as  inofKanic  anciic. 
Tlie  dosage  is  from  0,025  to  0.15  Gm.,  J-jJ  to  aH  gr-  per  day,  u  |)ilk;4r 
h>'podcrmicalIy,  as  a  freshly  prepared  warm  sterile  solution;  il»  bjr 
enema.  In  syphilis,  0|)penhcim,  1Q07,  and  J.  B.  Xluqihv  ctationlMae 
success  (single  intramuscular  injection  of  3  to  4gr.).tK]t  Cole,  t9tfi,tbo<(d 
it  to  be  relatively  ineffective,  c\'en  with  inlravTnous  injection  of  large  dna 

Fate  of  Cocodjrlate. — A  putt  is  excreted  uDchuigod  in  tbc  urine  (en  bjpcdcmk 
Injection,  6  lu  10  per  cent.,  havn  und  Jocluon):  but  ike  craiei  porcloa  ttlnp^ 
rnlucUun,  Anl  to  the  volitlilc  ciicudytic  add,  Mid  a,  smutt  put  finaDy  to  hctgdc 
atxcnic. 

A  bl^llographf  <■(  Cncodylale  b  Kl^'en  by  dr  HIcMer.  1907.  It  wu  iamdtKt4 M 
th«rapeutict  mainly  b>- Oau tier,  iSqq.  The  clinical  ud«  actions  ore  dbotanlbrUM 
Ncbenwirk.,  1915,  page  171- 

PREPARATION — CACODYLATE 

*S«ifi  Catadylas  (Sod.  Cacodyl).  U.S.P.— About  7j  pet  cMt.  of  sodloa  i^^l 
anenatc,  N'a(CHi)tAsO|.    While,  deliqucBornt  pmmx  or  snuuilar  powda,  ■ttW 
odor  or  lAitc.     Vm- »ol.  in  water  <i:».s);  frtely  sol.  in  ale.  (f.i.s).     ZteM,60*0^ 
t  gi.,  U.S.P.*  in  pdlla,  hypoderimciilly,  or  by  cncmax.    Minimum  i«M, 0.2  Q»^l 


SODRTM  AS&AITILATE  (ATOm.) 

General  Statement— This  salt,  C«H4CNH,)-AsCK)H-0Na  (« 
aminophcnyl-arscnate) ,  may  be  derived  from  sodium  arsenate  byrrpli'- 
ing  one  hydroxyl  by  anilin,  (It  wu  at  &r»l  believed  to  have  a  diffiR" 
constitution.) 

Under  the  danfterously  misleadinf;  name  of  "Atoxyl"  (for  Htm 
stance  i.-*  quite  dangerous)  this  salt  hiis  received  considerable  proouM*' 
as  an  organic  form  of  arsenic,  effective  in  all  conditions  in  which  vn^ 
is  indicated;  especially  in  sleeping  sickness,  in  which  it  is  superior  tood* 
arscnirals;  and  in  sj-philJs  and  other  protozoan  affections,  in  whirk'''' 
inferior  to  Salvarsan  (TomascECWSki,  1908;  Greven,  1910). 


it   cau««a  prompt  disappearance  of  the  tOPUiMOaH  ' 
ion  nu: 
)8S9. 


In  sleeping  sicknaM  ..   ^ ^ ,^ _,^ 

Ibe  blood,  but  tbey  may  recur,  so  that  the  injection  nuat  be  repealed  evtty  Mva  to* 


(R.  Koch,  1907,  heui'  Med.  Wochcnschr..  a :  «8Sg.    TU^  iiiptr  di»ciin«  iW  I" 
detaflsof  dota.^  tuul  adnuoiitralion).    Kopke'i  (i^aAl  clinicBi  reaulti  «ere  Im  (•"<' 
able.    Tie  parau'tis  t>rcoiQe  gmdually  reutlanl.    B,  Moore,  Niercaatda  ud  *"f 
tQ07.  therefore  recommended  altcraatton  with  mercury  nfaicfa  acta  on  utothtr  iM*  \ 
dovtiopmrnt  (Hodgts,  190S). 

The  chief  objection  to     atoxyl"  is  the  fairly  frequent  occurwW^ 
toxic  effects,  especially  permanent  blindness,   from   therapeutic 
These,  as  wdl  as  the  therapeutic  actions,  are  mainly  due  to  the  rcdodio" 
product*  which  are  formed  in  the  organism. 

Sodium  arsanitatc  should  not  be  given  by  mouth,  since  it  is  thm 
decomposed  and  rendered  more  toxic.  The  hypodermic  doia^  ii  I'"* 
0.0}  to  ai  Gm,  every  otbtx  day.  llw  injections  are  said  to  be  K*" 
irritant. 
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Toxic  Effects  of  Atoiyl  in  Man.— .\cutc  symplomx  occur  etpedally  nilh  Homs 
ciccc«<ling  □.;  (im.  They  icumblc  partly  those  ol  ocdiiiAry  nncaic  poimninR,  and 
coDsi&l  in  nausra  ftD<l  voniiliaifi  colic,  vctligo,  gcncra.1  vvi-aknow  ftod  tomnalcncci  ocu- 
riics,  pain  in  Umbs;  deafness,  reloition  of  urine,  ^aroetinm  netihrilU;  idtis,  and  nut 
UQcommoiily  permanent  optical  atrophy  (H&Uopeau,  tgo7i  Foruycc,  igii).  Clironic 
poisoaini^  presents  the  ominary  phenomena  o(  chronic  ar*enic  intoxication.  The 
clinical  side  nctions  arc  discussed  by  Scifrrl,  Ncbcnwlrk.,  1915,  pnHc  178. 

Optic  Effects  of  Atoiyl  (and  Anacctin). — The  eye  Byraptonii  usually  appear  ivilliiD 
a  fcM.-  weeks  (in  Koch's  series  only  when  the  dosase  eiceeiied  0.5  Cm.).  They  begin 
with  scintillation,  cloudiness,  diniini^hrd  vitlnn,  and  contrnction  (•(  the  t'isuAl  lield 
(Fordyce,  1911).  The  anulomic  thaniiei  In  aniTnidsas  well  hn  in  man  (liirch-Hirichfeld 
and  Koster,  tpto)  show  degeneration  of  the  outic  nerve  and  retinal  ganglia,  the  retina 
being  the  more  &usccptib!c.     The  cerebral  celU  arc  also  injured. 

Inorg-ink  arsmic  Jnd  caeadyl  may  aluu  cauiic  «p[lc  ncurlljji  (ol  the  nicolia  lypie}, 
but  only  very  rarely  {Sulicr,  191 1).     SaJvaraan  does  not  »ccm  to  cause  the  optic  injury. 

Protein  Metabolism. —  Boyd.  191 1,  found  in  two  human  ca»c(  that  arunilatc  Icinco* 
the  excrelion  »nd  cause?  the  retention  of  nitroRen, 

Toxic  Effects  of  Atoiyl  on  Animals. — The  acute  toxicity  of  atoxyl  in  perhapi  one- 
fortieth  of  IhnI  of  inorganic  nrvnic;  nnd  injcctiunts  havcnoRcutcelfectton  blood  pretiute. 
However,  they  iirottuce  chrunic  elicits  and  anatODilc  k^onH.  the  dlKtributlon  td  whlcii 
varies  quantiUtivcly  in  ditlereni  animatt  (Igcrabdinec  tind  Itami,  1909):  dog*  show 
nainly  chancteristic  renal  hcmorrlinges  with  scenndary  nephritisicati  exhibit  mainly 
■MfvouB  symptoms  with  bistolugic  lesions  in  the  brain  and  curd.  Rats  and  rabbits  are 
{ntemiediate.  The  distribution  of  the  ancnic  cormponds  with  the  difference*  In  effects. 
In  cats, /.!.,  the  arsenic  is  found  ntnlnly  iri  the  nervous  system;  in  dogn,  in  the  pnrenchy- 
DMtous  organs  (Igcraheimer  and  Kuthmann,  toir).  MsminaU  aiiw  show  the  optic 
degcncratioD,  both  on  lo^  and  systemic  Admlnidcation.  (The  toxicity  of  atoxyl  na* 
also  been  invtstigatcd  cxperi mentally  by  Cuinni.  I'joS.)  (n/rofi,  Sanno,  igti,  found 
that  tile  toxicity  h  greatly  increased  by  raiiinic  their  tetnpcrature.  presumably  by 
favoring  its  traniformation  into  more  loiic  product*.  (A  limilar  influence  i>  found  with 
colchicin  ) 

Differ ence  in  the  Actions  of  Inorganic  Arsenic  and  Atoxyl. — The  atoxyl  (fleets  rua 
a  slower  course,  and  are  devoid  of  the  loud  actions  of  inutjcanic  arsenic.  Tho  might 
be  due  amply  to  the  slow  Ubcration  of  ionic  arsenic.  Some  of  ih«  other  dilTrrrnces, 
MKh  aa  liw  optk  changes,  are  more  cboractenstic.  Tb«y  miKhl  be  attributed  to  the 
Atmclire  localixation  of  the  onenic.  It  b  poidble,  however,  tliat  they  are  produoed 
by  aoae  oegai^  decoaiposidon  product.  Artliictal  reduction  products  are  iBiidi  Hiort 
toxic  than  the  arsanilale,  to  mammab  at  well  as  to  protozoa. 

Bxcretiaa. — .\ftcr  a  uwle  dote  of  aftanilate,  Ifae  ancnic  b  excreted  promptly  ami 
cxcluuvdy  by  the  urine  (Croner  aaid  SeUxmanD,  1907).  With  continued  adntlablra- 
tiuD,  the  eicrctioa  b  ftomeiriiBt  mora  prodoastd;  the  greater  part  leaves  within  three 
days  (Sinwnol.  tgio),  but  traces  CMituue  to  be  excreted  for  three  weelu  (WeUnder, 
1909).  The  effects  are  tbocfore  somewhat  cumulative  A  sissU  part  kavcs  by  the 
fecaa.    Oiiy  a  small  profiortkin  ii  excreted  in  inorganic  form. 

A  idaUvdy  large  part  of  the  arsonilate  remaitu  for  a  long  time  onctiaaged  in 
tbe  blood  and  titsucs  (SIomdoi,  1910),  but  a  part  it  liie-1  and  chsiued  in  the  celk. 
Tlw  dtaraclerbtk  distribution  in  different  animals  is  described  by  IfcrslielmeT  and 
Rothmaim.  1909. 

Bednctiaa.~SiDcc  arssBiUc  add  k  Itsdf  practically  non-toilc  to  trypajusMBca,  It 
follows  that  it  must  undergo  some  duLDge  in  tbe  tissues.  Tbe  degCM  of  decomtmltiM 
and  tfaerefore  the  efficiency  and  tomcity,  vary  in  difierent  ■■.■**■!■  Tht  decoaniaAlao 
ntedHCt*  have  not  beca  bobted,  but  it  b  probable  thai  they  mnt  contaiit  the  ancalc 
ID  tdwaleM  kriB.  (RotbermiDdt  and  Dak,  1911,  however,  believe  that  K  b  dbecd^ 
trypuMKidaL)  The  ajtificia]  rednctloQ  products,  which  vary  iMoiiitiaa  to  ccmdHkaw. 
arc  oMcb  more  active  than  the  arsaallatc,  and  paramlaopbtayl-ancaoaf  add  kUb  the 
omnaitn  la  Um  tst-tnbe.  B.  T.  Terry,  1919.  has  found  that  emnbioM  of  Ihrer  asd 
olood  BtimtK  "T™"*"-  into  directly  effective  product*. 

PIEPAItATIOKS — AtSANtLATZS 

S«dil  ArtmmOo^  S.S.K.  (Aloxrl).— OccBn  as  white,  odottms  cryitab.  of  taiatlr 

Uau.    RadBysd.iawaler(i-jor6).    JXs*r,  0.03  tao.3  Gm-H  to^gr.hypo' 

day,  (tadaaly  increasing  il  aiamuf  Ufi  at  mNik  me 


ncry  other 
— fc—^  0^  Cm.,  10  gr.,  and  anlil  a  total  ef  6.5  Cm.  (toe  p.) 
MMg  ne<  be  administered  liy  m*?iiin 


give 


It 
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ArMcain.—SaAmm  ucirtyl  aruniblt,  CILfXHClliCOjAsOOBON* +  4^4 
Ift  lets  U>jAc  icntcly  ihun  inoiulnle.  Mod  is  liichly  iHuaiUickUl  in  Bioe.  !■  i 
boanevcr.it  uno  moredTcclivr  than  iheorlvin.il  ^ub^Uncc,  and  UDqiulljrlitbttUt 
blinclncM(J.i\.M.A.,  loio.  54:  isji>!;«n'l  it  i>  even  more  apt  lo  produce  ran)  htitiUM 
(Bctrchccf-.  igio).  Iir  only  odvantiigc  iilbe  gtcalcr  iilnlMlily,*oth«t  ItCUbtiUdM 
without  dtcompotilioii.    The  dMa^t,  hypcKicrmically,  h  o.t  to  0.5  Gn. 

Elirlicb,  1907,  notked  that  some  mice  tmiled  willi  anACtlln  Kqoire  ll«  n 
wsltsiDit  habit. 

SALVARSAfl  AND  NEOSALVAKSAK 

Composition.— Salvarsan  (ATi<«nplH;noUainin,  "606,"  AneooboudK 
is  cJiamino-dihydrMy-arscno-hcnzcnc  hydrochloric!  (sec  Slructunl  Fai»- 
ula,  pagt  744)- 

Neosalvarsan{"9t4")is  a  soluble  preparation  of  salvarsan,  ")^,  wl 
um  diaraino-dihvdroxy-arseno-bcnzcne-nielhaiial  sulphoxylate,  NHiM- 
CflH»-As:A»C«H)OHNH(CH^)OSNa,  mixt-d  with  ineil  iiwnpa^c 
salts,  so  that  3  paru  of  noosalvarean  approximate  in  arsenk  conttol ; 
parU  of  salvarsan. 

Eip«rJmental  Results.— The  intrnductioDof  Mlvarun  wulbe  direct  matoatiii 
chemoifavMpeuiic  studies  of  EhrUcli.  The  fiub«liiner  was  prc|>*r«d  by  B«tkin.x 
lc»Icd  by  F.hitich  and  Hata.  igio.  Tlicy  found  that  a  unj^ic  iojcctkin  ol  a  kimbo 
doM  freed  animaU  complelely  and  pctmnncnlly  frnm  ipirillocih  ani]<erlAlnutkr;M'*' 
Konn  infections,  IncltidfnK  sy)ih!li(ir  tpir»ci)ctcs.  BaclerJa  are  iccneraily  not  voj  l» 
ceptlble,  but  according  to  Kom.  igi}.  ulvarian  ii  directly  gcrmicklAl  tn  uilkisL rta 
in  living  nnimfiU.  It  i'  incflrclivc  in  rabbiti  (Mcjia,  19M).  The  tuaetpliUllf  * 
fC^TOchcIn  is  materially  i:re;iier  In  thr  prrMnce  of  enzymRi  IrMn  the  IKtr,  ui  t^ 
aally  from  the  blood  [Itronfenbtenner  and  Naguchi,  1913). 

Therapeutic  Results  in  Man. — Salvar^n  ha»  \xen  compldcty  ihom- 
ful  in  rdapaint,  frvrr  (lver*tn,  1010),  in  frambesia,  and  in  yaw*  (NifW'i 
1910).  The  degree  of  ils  u^cfuhic^i  in  Icriiary  malaria,  slequng  sickWS 
and  certain  other  prolo«Mn  Infeciions;  and  in  leprosy  andptOBgn* 
undecided.  Wadhams  and  Uiil.  191,1,  have  used  it  successftilfy  in  »  fc* 
cases  of  amebic  dysentery.  It  \as  been  iried  as  s  suhslilMltfoTir4i»tn 
arsffiir,  \n  skin  diseases,  pernicious  anemia,  as  a  tonic,  etc,  but  < 
serious  advantage. 

Results  in  Hunun  Syphilis.— Salvarsan  has  proved  renin f'^-'''" 
ccssful,  iihhough  it  has  not  fullilled  the  ori^nal  hope  of  ci)"-  ■,  ^1 

by  a  single  injection.     The  conditions  arc  evidently  not  as  siicpK  t'  " 
experimental  animals. 

Early  /-fjiow.^ Complete  success,  similar  lo  that  in  anietabi  Octi"|t 
only  in  specially  favorable  conditions,  when  It  is  injectwl  durinf!  ^^. 
mar>-  stage,  the  iniiinl  foru:^  being  excised  or  destroyed  by  local  mrrtnnil 
treatment.  Ordinarily,  the  spirochetes  begin  to  disappear  in  a  fc«  kw 
from  the  chancre  and  condylomata,  and  are  completely  ab«:tit  ini«  * 
two  days;  however,  ihcy  generally  reappear  after  a  lime.  In  ihif^T- 
saK-arsan  abolishes  promptly  the  main  dangers  of  contagion— a  wery*** 
porlani  advanlage.  lis  efTicicncy  is  in  direct  ratio  lo  it*  early  uK,Md 
Its  principal  field  is  in  the  primary  stage.whcre  its  use  prcs'cnlslncdff'^l'P' 
tnent  of  secondary  symptoms  and  of  positive  Wai^nnann  rcacttoo- 

Later  Slages. — In  these,  it  still  pnxluces  ver>'  marked  hul  IcopWT 
effects,  a  single  injection  often  equaling  months  of  mercurial  iialo**'- 
Complete  ilisuppearancc  of  the  syphilitic  symptnm:^  i«  Ibe  rule.  Surf»« 
lesions  and  ulcers  especially  arc  repaired  with  astonishing  rapidity-  M** 
nant  eases  and  those  which  have  re-sislc*!  mercury  mayrnlr  pnaft\y^ 
the  salvarsan.     However,  c^'cn  these  striking  results  arc  almusi  •!■ 
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^^  ,  aflcr  a  time,  by  rclapacs,  so  that  ihc  trcaimcnt  must  be  repealed, 
mj^lcmcntcd  by  mcrcurj'.     In  a  few  ca>es  sulvarsaii  fail*  completely; 

prcsum^ibly  the  spirochetes  are  in  some  reglun  which  U  difiicuUly  acceuible 

to  the  drug.     In  general,  the  older  the  init^tion,  the  less  is  ibe  efficiency 

of  salvarsan. 

In  paraiypkililic  tondUwnt  (tabe»,  general  parwis..  etc.)  salvarsnn  b 

usually  incfTectivc,  although  it  sometimes  producn  striking  improvement. 

It  is  worth  trying  at  the  very  »lact   of  the  symptom'-.     In  syphilitic 

aortitis,  salvar^tn  and  mercury  rar«ly  gi\'e  more  than  temporary  relief 

(Longcope,  1914). 

BftJilary  lypkilit  hut  been  cured  through  the  milk,  by  injecting  the  nunc;  BmI 
lontrniul  iy'phiUt  by  iiijtctiun  o(  tht  nii>ihrr,  Ar»cnlc  has  bwn  louad  in  the  [dBMBta, 
but  it  U  doubtful  wbelhct  it  ii  tranimitteil  to  the  (etu*. 

Wassermann  Rtatthn.—Thc  cfficicnc>-  of  salvarsan  is  reflected  in  the 
Wa8.«ermann  reaction:  In  a  few  of  the  m«*l  fa^-orahle  ca-HCH,  thi.*  becomes 
and  remains  permanently  negative  after  a  single  injection.  Much  more 
commonly  the  negative  reaction  is  not  lasting,  but  returns  in  a  short 
time  to  positive.  Tt  may  then  be  again  suppret^ed  by  further  treatment. 
Lesser,  1911,  considers  the  cure  incomplete  until  a  permanent  negative 
reaction  is  obtained.  In  less  fa\'orable  cases,  the  Wa^tsermann  reaction 
is  not  altered,  and  in  a  few  a  temporarily  nc^ati^t;  reaction  may  even  be 
roused  to  a  positive  one. 

Posiibilily  of  Prrmanirnt  Cure. — There  is  now  little  doubt  that  suitable 
cases  arc  cured  by  sufficiently  large  and  repeated  doses,  especially  when 

nllernated  with  mercury. 

f       AdvaHlage  over  Other  Arieitwats. — ^Thc  curati\t  action  of  salvarsan 

Hs  also  shared  by  all  other  arsenic  compounds,  but  it  possesses  the  practical 
advantage  thai  tlie  effective  doses  can  be  introduced  with  much  greater 
lafcty. 

Adtatilage  over  .Wfrfd^y.— The  relative  advantages  of  mercury  and 
ialvanan  are  rather  evenly  balanced,  so  that  salvarsan  has  su{)plemented, 
rather  than  displaced,  the  older  drug,  lie  main  advantage  is  the  much 
more  rapid  action,  which  brings  the  disfiguring  or  dangerous  lesions  (espe- 
nally  of  the  mucouc)  under  prompt  control,  limits  contagion,  and  is 
highly  important  in  malignant  cases.  The  second  advantage  is  that,  in 
combination  with  mercury,  it  Is  more  efficient  than  this  drug  alone  or  with 
lodids.  It  has  &  special  field  In  cases  in  which  mercury  is  meilcclive  or 
not  tolerated. 

J)isaJvanlaf(x  of  Saharian. — ^These  involve  partly  the  inconvenlenoe, 
txpcnsc,  loss  of  time,  relatively  complicated  technic,  and  pain  of  its  ad- 
ministration. Certain  special  contraindications,  and  the  not  infrcrjuent 
.occurrence  of  more  or  less  toxic  side  effects.     These  are  a!*o  produced  by 

m^lvarsan  (Wolff  and  Mulzer,  igi  1).     Katatities  and  permanent  injury, 
.■er,  are  so  infre(]uent,  if  proper  precautions  are  employed,  that  they 
ilo  not  seriously  interfere  with  the  usefulness  of  sdvarutn. 

Comparison  of  Salvarsan  and  S eosaharsan.  It  is  still  doubtful  which 
of  these  drugs  is  superior.  The  neosalvarsan  Itas  the  advantage  of  easy 
solubility,  and  therefore  simpler  technic.  However,  it  is  more  readily 
decomposed,  and  the  products  are  more  toxic.  Some  believe  that 
wK'arsan  is  more  efficient  (Whilehouse  and  S^buwt^r,  1013;  Nelson  and 
Haines,  1914).    Opinions  diflcr  as  to  the  relative  local  irritation. 
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Direct  Local  Irritation.— I  iitmmuscular  and  subcutaneous  inje 
o!  add  soluiions  cause  very  severe  local  and  neuralgic  pains,  persisting  | 
several  houn  or  daj-s.  These  are  due  mainly  to  the  acidity,  and  are ' 
much  less  with  the  neutral  suspcnwons.  However,  even  vrilh  ihc  Uu 
and  with  neosalvar^an  solutions,  there  is  more  or  less  swelling  and  la 
tration,  lasting  one  or  two  weeks;  and  somelimes  necrosis,  infrclion.  < 
abscess  formation.  H,  E.  Robertson,  1913,  describes  severe.  sfc*l]r 
heating  destructive  Icmoiis,  often  complicated  by  hemorrhages  and  skufb- 
ing  abscesses.  Sometimes  the  injections  arc  not  absorbed  (due  to  wl 
thrombi,  Loehe  1913;  Takahashi,  i(>i4^,  so  that  the  deponlmayrtMb 
indefinitely.  SalvarHan  always  leaves  an  insoluble  ydlow  pigmcat,  vUdi 
acts  as  a  foreign  body  (Robertson).  During  the  intrataiatis  ii^iaim, 
there  i»  often  intense,  but  fleeting  pain  in  the  shoulder  (etutordU 
irritation?). 

Systemic  Toxic  Actions. — ^The  cause  of  these  has  not  been  fullir  1^ 
dated.  There  appear  lo  be  Aeverat  distinct  varieties  (Ehrtich.  tftiy 
Some  may  be  ordinary  arsenic  phenomena,  such  as  the  occasional  Dtpkrilit 
(which  occurs  e^pecjally  on  ititramu:scular  injection).  Others  art  U- 
tribuled  lo  decomposed  solutions,  and  some  to  the  toxicity  of  the  nKuM 
itself.  The  common  febrile  reactions  arc  ascribed  mainly  to  iupsf 
water.  Reactions  of  the  luetic  tU>-«ue«  and  skin  are  explainable  by  ^ 
liberation  of  luetic  toxins,  while  the  late  "neuro-recurrence$"arejiKnb(il 
to  the  more  vigorous  activity  of  survi\*ing  spirochetes.  All  <t  iJw 
explanations  are  more  or  less  hypothetical.  The  mortality  ii  poblf*, 
I :  afioo  (Cotlctt,  1913). 

\Vi  I  liiiliiiiiiii  nil  I.  lull  I  iillii  tfiil  niMiiitiiif  i|iif[it»Wtlwi    Bail 
(hme  mwtly  to  the  MlvttrMo  Itirlf ,  MUng  on  some  pailiologfe  < 
This  inteTprelation  is  rot  univcrMtly  Bceepled. 

Lethal  Dose. — ArcordiiiR  to  animnJ  experiBicotK,  arwnic  in  the  (ona  of  "^''''^ 
h  Rboiii  one-Mvcnlh  (onC'tKird  to  o«)c-rourth,  Lulthlcn,  tpij)  ss  tosksiisiMQm 
(ortn  (Kochmnnn,  191 1).  The  taial  intrnvcnous  ila»c  (or  raMiiu  wouM  tWtMpwJ™ 
man  to  about  $  or  6Gin.,  oi  ten  lima  the  therapeutic  doM.  1  fiiil  hillnwrliTi^ 
callv  without  serious  re»u1l4.  Tbc  acute  toxicity  of  Moulvanas  Is  iUtM«*M 
ball  OS  high  (Kcntnei,  1911). 

SotutioiM  o(  Htvi&nan  in  Mrum  are  much  1cm  toxic  to  mbbits  than  ut  wi/iat  M"" 
tiotis  (Roick,  1015)' 

Acute  Effects  in  Animals.— These  resemble  onlinary  arsenic  peuariil 
superficially,  although  the  immediate  effects  are  probably  ndccdv- 
They  result  in  fall  of  blood  pressure  (mainly  cardiac),  renal  imtiiiA 
anatomic  parenchymatous  legions,  and  nervous  phenomena.  looic  ii>t^ 
may  play  a  part  in  these  late  phenomena, 

ClKuUlUm. — The  ilaad  frtiturr  (alli  wvertly  on  Intravenous  iiiiectJaB;bHta<(» 
trut  to  ordinary  arMnic,  Inc  fall  u  mainty  coiiliac,  uid  the  vcMteli  at  fimgi  i^*^ 
itrlcted.  Exciicd  heart*  mrc  dcprcMcd.  This  cardiac  action  Is  the  canaiM  (HM* 
»cule  faUlJiie$.  The  citdiomcter  may  show  cardUc  dUstioa  even  whea  ib«  bMP^ 
fin  doct  nut  fall,  the  vaMcaostrictSon  compeDMtinx  fot  the  wcAkcBlag  (Ltithlni 'fW 
The  cOixLi  arc  greatly  inllueac«d  by  the  concentration  and  mctlott.  Add  •*'f^ 
sre  csptidaUy  fatal  to  Ihe  heart,  but  alkaline  soltiliocu  render  it  DMre  MiMptW** 
str^fAuer,  tgii).  Thr  foU  U greater  irheiiiricu«|MdEnsuffideDC]r«slsts,MMl*' 
aortic  uisumciency  (Aluxns,  1413).  ^^ 

QinUal  P.ftfis  on  CiVciJ<iJ»aii.— Occaiiaoally  theic  are  Mvere  rMOfaas  (t*"^ 
loii), but  usually  doMs  o(  0^3  to  0.6  Gm.  produce  only  tlight  and  iaoeastani  dtfpi* 
blood  |>rc(xure.  The  heiart  rate  shows  sllchi  but  ta^linit  Encrraw,  TltR*  wn  ^* 
tempotary  diuresis  The  erythrocytes  are  temporarily  incrc>»cd.  RollrMJo.  1^ 
buds  (bat  neoialvartaa  injoruams  are  gtaerolly  foUowed  br  ■  (all  ot  tyuoUe  (i*^ 
lb  mm.)  and  dSwtollc  (13  mni.)  pressure.    The  fonnation  of  while  corpiMda  (u^W 
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itrophiltt)  it  Ktimuktcd  (Rxcntkamki,  1911).     Hedcn,  igij,  dcicribcs  a  decrease 

Prtapilalion  of  Blood. — JoHph,  igii,  obKn'cd  that  acid  (not  alkaline)  tclutioot, 
'ftbovc  0.1  per  ctnL,  predpiutc  blcMd.  in  the  vcwcU  a*  well  as  in  the  test-tube.  Tb« 
^nantity  aiid  cooncDCM  of  the  pi«ci|>ltalc  depeixl  upon  the  cooceniration  ot  the  tdu- 
faoin,  not  apoa  the  qtuuitity.  la  living  aniniali,  the  pi«d]uttttc  docs  not  puts  ihc  pul- 
BMEuiy  circulation.  Wtthai  per  cent,  solulinn,  ihcprtdpltAlebMlinees  tobcbann- 
|n>,  but  with  3  per  cent,  it  may  cause  fatal  pulinonary  embolitm. 

tfonolyii'i.— According  to  Coiridi,  iiotomc  lolutions  of  neotalranaa  at  add  solutions 
at  sklvanaa  «re  not  bemolj-lic,  but  alkaline  lolutlons  diMolve  the  corpuJKle*.  H« 
IMfen  neosalvaiMA  In  0.4  per  cent.  NaCl  to  watery  solutjont  for  intrav«noaK  injec* 
60ns,  but  ihcae  mint  be  tued  pronptly  01  oxidation  wHI  occur  (denoted  by  brown  color 
tad  turbidity), 

LtwtMylri. — Rabbits  show  nt  fini  Icucopenia,  followed  in  ic\-eral  bourt  by  Icucocy- 
lodt,  OpodaUy  of  nculrophilc  polynuclcais  (Comdi,  i^iz). 

UatcUaid Ntne. — JoM'nli,  igii,  found  that  the  eicitabilily  orfroR'smuscleiiabol- 
'bheil,  both  in  acid  and  ^koJine  Mlutioiu,  but  the  action  occurs  only  slowly,  and 
(cquiics  high  coocentraiion». 

I  Paremkyiahmi  Drtfurralloti. — Kutty  and  necrotic  chanRM  are  of  inconstant 
focciurence,  clinicolty  and  in  animalM.  They  memblc  ordinir}-  arscrnic  Icsioni,  involve 
ieq}odaIly  the  Hvcr  (aciil*  yclldw  »trophy);  Ihen  the  kidneys,  heart,  nervous  systcni 
[(ecccpluiUlis  hemurihuKica)  ami  «]i1cca  (Bumc  and  Merian,  iQw;  Morel,  Mouriguand 
ud  Policard,  1911;  Schioibcrs,  kidney,  1911:  SchlroKoraw,  igij.  Muchs  and  Kelron, 
1919,  cUdm  that  even  small  dotes  daaia^  the  rcnarvtsMls  and  slomerull).  The  !n- 
leuiaea  may  oUo  show  hemorrhagic  and  mflammatory  chan^  (Ssccone,  t9i3).  The 
lm>ns  occur  caipccially  after  repeated  injection,  and  *n  tncrcnucd  by  combination 
«ith  raercuiy,  uranium,  cpioephrin  or  RocntRcn  treatmtnt  (Luilhlcn,  1913;  A.  Locwy 
nd  WcchsefmanB,  191J). 

LoitUen  emphiuixa  the  srcalcr  toxicity  of  sulvanan  to  onimnl*  which  have  been 
wbjected  to  these  vascular  (njuries.  and  ticlfeve»  them  iinulojtuub  to  Ihc  Hcrxheimer 
teaction;  i,e.,  that  this  is  a  specLQc  sulvarsan  effect  on  vcsteli  previously  injured  by  the 
luetic  procesa. 

A'enuM  Pktnomena. — v.  Martchalko  and  Vcsipreml,  \<)t),  found  mulliplc  hemor- 
ifaaces  and  thrombi  in  the  brain,  with  symptoms  corrcipuniUng  to  Ibc  cncephalUk  type 
t)i  cunical  salvarMn  pdsonlng, 

IfataboUsm. — The  effects  resemble  ttratnic  (Pwiolcv,  1911).  Syphilitic  pstienis 
■nder  treatment  show  some  nitrogen  loss  on  the  do/  following  the  injection;  otnuwisc, 
Ibc  cbaOKesare  Incoiutaot  (Cappelli,  Uii\). 

Acute  Clinical  Fatalities. — Acute  collapse  (cardiac?)  has  aometimea 
lOccurrcd  immcdUtcly  after  the  injection,  generally  after  the  second  dose. 
Tlic  collapse  usually  ends  in  rapid  recover}',  very  rarely  in  death  {Tomasc- 

rwski,  1913). 
Some  patients,  after  repeated  Injections  ot  talvarsao,  exhibit  mplrstory  and  vaso- 
llnotor  lymptonu  resembling  anaphylaxii  (Smft,  1913). 

Subacute  CUaical  Arsenic  Fatalities.— These  are  difficult  to  distinguish 
from  the  indirect  faialiiirs,)>ui  may  be  classed  as  arsenical  by  their  resem- 
blance to  ordinary  ar$<cnic  and  salvarsan  poisoning  in  normal  animals. 
They  start  a  day  or  two  to  a  week  ailer  the  adroinisliation,  often  after  the 
first  injection,  with  headache,  weakness,  vomiting,  sometimes  icterus,  in* 
continence  of  ^hinders,  coma,  dyspnea,  cyano^s,  and  death  in  three  or 
loiu-  daj's.  Paralytic  symptoms  may  be  obser\'ed  (Chiari,  1913).  Idcn- 
ical  effects,  with  fatal  ending  and  aulopsv  lesions  typiuU  for  arsenic, 
ivc  been  witnessed  on  non-luctic  paticnu  (Lube,  1914), 


Tlie  tighter  cases  may  exhibit  nephritis,  ^isrrhcn,  or  exanthemata.  The  atdopiy 
Dws  hcmorrhagte,  thrombosis,  focal  iaBammatory  softcnintt  of  (he  central  nervous 
,  i>iicm,  degenerative  psrenchymaioiu*  change*  in  the  kidneys,  liver,  heart- muscle,  spleen, 
[etr.  (RuMc  and  Mcrian,  191a)  Tomascjtcwskl,  igiji  Corlcti,  1913). 
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Decomposed  Solutions,— Salvarsan  and  noovalvarsan  <lecninpott«^ 
quickly  oil  coiiiaci  uith  air.  with  ihi-  furmalion  of  olhi-r,  much  motFlOiic, 
arsenic  aimjxniin)'-  (such  as  amino-o.\yithcnyl-arse»oxid,  Ehrticb  ud  Bo- 
Ihcim,  lyi;).  They  arc  therefore  markcied  in  si-alcd  air-fret  ivhts.  TV 
contents  of  a  tube  should  be  used  at  once  after  opening  and  undtr  tu 
circumstances  should  the  contents  of  a  tube  cl»maf;vd  in  transponilien 
or  any  remnants  of  the  powder  from  prcx*iously  opened  tubes  be  mi. 

Acute  Febrile  Reaction. — Very  commonly  ihc  injrctiun  is  follondbr 
more  or  less  fever,  chills,  rapid  pulse,  headache,  lumbar  pains,  BiliiK, 
nau»ca  and  vomiting,  and  diarrhea.  These  effects  arc  of  short  duntiH 
and  rarely  serious. 

Tliry  aro  F^icduUy  mHrkrd  in  the  prcMncr  of  infeciloM,  cv*n  if  slight  tWidiiiw, 
roiol.  or  if  lUlc  distiilcil  water  is  urnl  ( WKhsclmiinn,  1911;  Swili  «mI  QBh  I0i0< 
tvhrllch  nwuniai  thnt  the  Imctetijl  piodutt-i  tcn<ilLtc  ihc  Uidy  la  arturic  mw, 
1910.  altribulH  It  (•>  the  (Icitiuciiun  of  the  6|iir»chetc».  ¥<th*pi  Ibe  nMiffohlh^ 
cxplaontion  in  that  al  Luiihlen  and  Muchn,  ipij,  namely  a  de*irxiclive  ■ction**)'' 
*ttn  on  pa(b[>1cigie  tiuun. 

Reacti<Hi  in  Luetic  Tissue  and  Skin. — Tbc  luetic  lesions,  ap(diil|r , 
of  the  trunk,  often  shuw  a  bright  red  erythema  ("  Jaridch-HCTibrintf 
reaction").  These  phenomena  set  in  early  and  last  only  a  ff»  *Jt 
Generally  they  cause  little  inconvenience;  but  it  h  conceivablt  tlui 
analoi;ous  reactions  in  more  Wtal  organs  (cerebral  gumma)  minhl  I* 
immediately  dangerous.  The  icterus  which  is  often  seen  may  powiW)' 
belonti;  to  this  class.  It  might,  however,  Ik:  an  arsenic  pfaenoaMMB- 
Acute  yellow  atrophy  of  the  liver  has  been  described  (Srvaia  ui 
Heinrichsdorf,  1911).  Fischer,  1915,  attributes  this  to  the  syptfB^M* 
not  to  llic  drug. 

Neuro-recurreneeB.— Sometimes  salvarsan  Injections  arc  foOu"". 
after  an  Interval  of  weeks  or  months,  by  so'ere  nervous  manirwuli""*^ 
epileptiform  convulsions,  acoustic,  more  rarely  optic,  facial,  aM  ollis 
neuriic*.  The«;  do  not  ai>prar  to  be  due  toihearftenic,  for sUnflw rf*"* 
may  occur  in  mercurial  treatment,  and  they  cede  on  further  saK'»n*a«' 
mercury  medicaiion.  Khrlich,  1911,  allempte'l  (u  explain  them  If  Q* 
incomplete  destruction  of  the  parasite* ;  those  which  escape  being  ibcnl* 
exposed  to  the  normal  restraining  influences,  and  assuming  a 
virulence. 

OptlcHeiillt[K^-ThiHitdir>rc»ciiUclnlMlviinjinaBit  MMaivarMfl.    Ittt| 
claMcd  with  the  neuro-rccurrcntn;  but  ATKonarai.  11)14.  reports  a  Mtics  o(<aMli 
he  attributes  difectly  lo  ilic  drug,  and  not  t*  the  »pirocbei«, 

ContraindlcatJons  to  Salvarsan. — It  must  not  be  forgotten  thai  mIw- 
san  is  an  heroic  remedy.  Khrlich  himself  ne\'er  claime<I  that  eflwt'^ 
closes  would  be  free  from  danger,  and  ftlwa)'s  advi,«ed  agaiait  its  a* '■ 
debilitated  individuals;  specifically  in  severe  disturbances  of  ibe  dww* 
ory  organs,  advanced  degenerations  of  the  central  nervous  sj-slcm.  tr"" 
bronchitis,  and  cachexia,  unless  these  are  directly  syphilitic:  in  upti£  "P"' 
ritis;  in  patients  hypersusccptible  lo  arsenic,  or  in  those  who  haverttf**'/ 
received  a  course  of  other  arsenical  medication.  Diabetes,  tdbefniW* 
and  nephritis  are  considered  contraindications  by  some,  by  otbtn  "*■ 
Caution  must  also  be  used  in  old  or  alcoholic  patients. 

Absorption,  Fate  and  Excretion. — The  absorption  of  salvamobw** 
even  fnim  iniramuscular  injections,  some  arsenic  generally  refluini'd*' 
the  site  of  injection  for  months    (Schuebel,  1914).    NcosiJvarMn  « •*" 


more  r&mdiy  (Ullmann,  igii,  75   to  85  per  cent,  within  a  week; 

'1913).     Very  little  is  absorbed  from  the  rectum.     The  excretion 

of  arsenic  occurs  mainly  by  the  urine  and  feces.  In  the  urine  it  begins 
promptly,  but  proceeds  rather  slowly  especially  after  muscular,  hut  even 
after  intravenous  injection,  unknown  compounds  being  present,  c^cdally 
in  the  parenchymatous  organs,  for  weelis.  Onlv  a  small  part  is  excreted 
uncbangcd,  the  main  portion  being  ionized  (V^cnti,  1911:  UsucUi,  1903). 
The  course  of  excretion  is  essentially  similar  in  luetic  patients  and  in 
healthy  rabbits  (BurnascheS,  1912). 

Cminc  of  Excrrlion. — Salvarsiin  m.iy  bf  dcmoDStralcH  In  the  urine  wllhLn  a  few  min- 
utes In  two  hours  after  aii ministration  (Abelin.  iqii)-  With  inlravmeus  iHJtxiivn,  it 
remains  in  the  hliunj  plasma  for  1  to  1  hoitr^  (RCickcr,  igis).  The  nnciion  bcnnt  Jn 
two  or  three  hour;  (Usudii,  1912).  and  is  prsetieally  cumptctcd  in  (out  daj-s  (Hoppo, 
tgio):  but  traces  may  be  found  up  to  three  monliw  (Heuser.  igii). 

Aflcr  i'n/fjmiui"u/iir  injeriuin,  the  cxcrcliun  is  muth  slower  (Greven,  igift;  Fltchcr 
and  Hoppe.  1910;  Irukuwii,  1014),  but  vnrtrs  with  the  iibiti.>rpiiun.  In  man  it  heitins  In 
sii hours;  the  maiimum  excretion  occurs  in  four  to  six  dayi;  in  eishl  du)-5  Iwo-thirdihavc 
been  excreted  by  the  urine.  Traccj  were  found  in  tivcnty  to  forty  days  (Miilo  nnd 
Sannu,  igii;  Usuelli,  1911;  by  Heuser  up  to  nine  mrtntha).  The  course  of  excretion 
has  also  been  studied  by  Eicailon.  1911.  The  excretion  is  said  to  be  hastenc<l  by  Potm- 
cium  lodid  (Grcvcn,  1910). 

HypadermU  injerlhttf  arv  eliminated  more  rapidly  than  the  lot  ram  u.scutsr  (Greven). 
Relatively  large  quantities  are  excreted  by  the  gaitro-inlMtinal  canal  lUllmann,  igu; 
Siuehmcr,  1914  >;  two  tci  ten  limes  as  much  as  by  the  urine  (Frenkel-IIeidcnnnd  Xavaft- 
sart,  1913).     The  miJi  also  contains  arsenic  (tjallnrenn,  igii). 

Exirtlion  oj  Arscnk  inl&Ccrtbro-ipimit  Fluid. — Hall,  191s.  found  arsenic  absent  after 
intravenous  injection  of  sodium  nrscnntc  or  cacodylntc,  nnd  after  intravenoui  neoinl- 
varsan.  With  intravenous  sutvHrsan.  the  result;  were  variable.  Cnrnp,  1911,  obtained 
it  only  with  toxic  doses  of  saK-arsin.  The  permcabilily  ol  the  meninges  is  not  in- 
creased by  the  subdural  injection  of  irritants  (Stillmnn  nnd  Swift,  1915). 

Distrilnitioa  of  SBlvarsan. — .\fter  intra\'cnou9  injection,  the  salvaraan  does  not 
remain  free  in  the  bIniHi.  which  contains  only  traces  after  twenty-four  hours;  but  it  U 

Jtomplly  di.ini'-iTi.ii  ill  ihe  hpiccn.  kidneys,  bi>nes,  muscles,  and  especially  in  the  liver 
Burnstein.  igii],  and  exceptionally  traces  in  Ihe  brain.  It  may  be  demomitrated  in 
these  organs  for  months,  as  inorganic  and  organic  artcnic  (SCucmpkc  and  Sieefricd.  191 11 
Ritter,  igii;  Ultmano,  1912).    Arsenic  also  pnsses  into  llic  placenta  (BumascbeO, 

Administralioii. — The  intravenous  method  is  now  preferred  to  Ihe 
intramuscular;  some  operators  prefer  to  follow  the  intravenous  injec- 
tion in  two  or  eight  days,  with  a  second  intravenous  or  with  an 
intramuscular  injecilon  of  about  half  the  ordinary  dose;  and  a  third 
full  dose  after  three  to  four  weeks.  In  any  case  the  salvarsan  should 
be  followed  by  vigorous  mercurial  treatment.  The  course  may  be 
repeated  at  intervals,  until  a  permanent  cure  is  rOcctcd. 

Kolmer  and  SchamberK.  191;.  Iiave  tried  or<sl  adminislralion  in  man  (o.6  Gm.)  and 
in  animate  There  were  no  toxic  symptoms  other  than  vomiting  and  diarrhea,  but  the 
ihcrapentic  clTccl  was  very  feeble, 

lulraspinal  Injections  of  Salvarsanized  Serum. — The  administration  of 
tmlvarsan  by  the  ordinarj'  methods  is  not  very  efTcclive  in  ccrebro-sptnal 
lues,  ^nce  but  little  of  the  salvarsan  passes  into  the  ccrcbro-spinal  fluid. 
Swift  and  Ellis,  1913,  have  therefore  introtUiccd  the  direct  spinal  injection 
of  the  patient's  serum,  withdrawn  an  hour  after  the  intravenous  injec- 
tion of  salvarsan,  and  heated  for  half  an  hour  to  jd^C.  Such  serum  has  a 
distinct  effect  on  the  spirochetes,  in  the  test-tube  as  well  as  in  vivo,  and 
the  method  has  given  encouraging  results.  Tlie  pain,  psychical  disturb- 
ances and  cell  count  arc  usually  markedly  improved.     Thi:  best  results 
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are  obt^ned  with  early  iKJons;  ihcy  arc  sometimes  succesafal  in  I 
and  beginning  paralysis: poorwitheslablishedprogressiwpanlyiit.  Ibj 
injections  arc  safe,  and  can  be  repeated  as  often  as  needed  (Dr^xt,  1915I 

Tbc  uilt-tiraiQ  mav  alio  be  ad(l«<l  directly  to  xnim,  usinf  not  over  «■$  bi.  U  k^ 
unMfe  to  givr  more  tfian  two,  or  at  ma*I  three,  consecutive  injectioiH  ^Dofay. 

IiUriispinal  InlMiai  of  SaSiarian  Sdutitnu.—TiAs  catites  ie\'crc  mudoi  <(  Ik 
cord,  and  some  writers  lul vise  lliut  it  should  but  be  attenpted  in  oian  (EUbulSnIl. 
i9ij;MnrincKO,  iQij).  Others  coDudcr  It  (airly  ufc  wbcn  a  careful  tccliiucili«B»tl. 
either  uiLiiiE  ■  hypertonic  (b  per  cent.)  lolullon  (Kavaut.  1014:  Wile,  iot4l;o>  wiB( 
the  drug  with  ccrcbro'Siniial  Quid  au  a*  to  give  a  concenlratiorn  of  0.05  loo,i^|«i(nl. 
aD(l  AilnMfcof  Ji  tn  1 1  mg.  Xcnsalvanan  i*  nlmoit  alwnys  pteferrcd.  ThtnitcUH 
are  KcnrralTy  repntcd  every  week  to  three  ivcohs,  snd  conibuied  with  syilcaioUi' 
iKlralion  (bibliogmpfay,  Xacgeli,  >9>j)- 

Gennrrich.  iqij,  difw>lve«  a.i(  Gm.  of  iiMwalruMn  in  joo  c.c.  of  noroil  wSK' 
Me  wiilidniws6oc.c.u(cerebi«-»pu)al  fluid,  mlMslhlfr  with  tec^.  of  tfaetbonaUA 
and  rcinieclt. 

Schubert,  igi4,  withdraw*  10  c.c.  cf  oerebro-*pina]  fiiud.  la  y  ex.  of  lUf  kr  Ai' 
•olvtB  0.045  ^m-  of  dry  itnlvarun.  A  reservoir  j»  connected  with  the  ipinil  puKtm 
and  lowcrecl  so  as  to  Ctl  with  al  least  lo  c.c.  of  tpinal  fluid.  Intu  ihii  at  <ln9i»<  ^ 
0.1  c.c.  ol  the  Milvarvui  solutinn,  and  then  raUes  the  retervoii  10  ■»  to  aukclJKW 
flow  slowly  into  the  canal.     )Ic  cautions  ihnt  cverytbluB  must  be  a^otvldf  dij. 

Dosage. — This  should  be  adjusted  to  the  strength  and  conditiMofik 
patient,  and  the  method  of  administration.  I'or  adults,  ibe  <!«(  ^ 
Ki1%-arsan  is  0.3  to 0.4  Gm.  in t ravenously,  or 0.3  to 0.6  Geo.  iDtnonscuM)'' 
The  adult  dose  of  ncosalvarsan  is  from  0.45  to  0.9  Cm. 

The  details  may  be  seen  from  the  following  table: 


Do*c  111  imntf,  <i 


Xeotalvanaa 


Mm 

Women.   . 
Weak  adults. 
Children 
Infants., 
Nurslings 


0  4  too. 75  to 0.9 
o^  too^  to  0.7  J 

o.iS  toe.3 


Wv.ni.  In-       1     "iaSCT 


«.'4 

e.i  toe.j 
o, t  too. ( 
o.oa  ino.t 

0.01  too.aij 


o4 

0  *5»»I 
o.i  !•♦* 
ft.t  W»} 

e.eiitM 


PREPARATIONS — SALVARSAKS 

'Sahanan  ("6o4'*J  it  marketed  in  lobes  coQtalnfilK  0.6  Ctn.  It  i»  » 
colored,  cryslalline.  hyitroKopic  powder,  diisolvinij  readily  in  water.  Tlkt  .  . 
bai  an  acid  reaction  (hydrolytic  dbiocialion).  It  u  not  precipilAlod  by  *ddfc_^T» 
addition  of  sodium  hydroiid  at  £r^l  prr<. ipitntnt  the  (tec  baae.  Tbe  pndfdIwHii 
cotnph'te  when  i  moIccuUs  of  .N'aOH  Kn^c  been  added  (of  mch  DMhcwo  el  MlnM^ 
Tliii  precipitate,  suspended  in  water.  t%  the  form  used  for  intnunuMlar  iattfl*^ 
The  further  addition  of  NaOH  again  form.^  a  aolublc  mU,  the  wilutiM  bctag  ms|BH 
when  >  further  molecules  of  NaOH  have  beea  added.  Thit  is  the  (orm  ncd  WH^ 
Iraveaoui  injection.  (By  actual  meaiurenent,  the  reaction  b  noi  complmd  w 
J4  per  cent,  more  than  llie  theoretical  amount  of  alkali  lia«  been  added;  Baana*>tW>H 
(Anenphenolamln  may  act  both  at*  baie,  throuKh  lit  amine,  or  >a  an  add,  thiH^*V 
phenol,  radicals.)    Sodittm  carbonate  don  not  iliiaolvc  the  pncinitate. 

Salvanan  i»  aUo  marketed  under  other  nanus  (ArK«obcazol,  elc).  Wka  ■■<i*> 
Ihnc  have  ihe  tame  cflielcncy  and  toxicity  (Wile.  1916). 

•  iVrtijo/rOf jiiH. — Marketed  in  lubci  containing  the  otdtnarv  dogteL  Juiauuim*' 
j-dlow  powder  of  Mculiar  odor,  difAolving  readily  and  unooUuy  In  water,  with  o"^ 
rcactioB.  The  tuiulioos  are  |>rcdpitaicd  by  aeSds.  On  ttaBdiog  ibey  acqidn  *  '>'■ 
brown  color  and  precipitate. 

Preparadoo  of  Salranan  SoltitioDs  tor  IntnTeoous  Ib]KI1oih>— TVm  ■■■''J 
perfectly  clear,  aMplic,  ami  prepared  with  og  per  cent.  NaU  ta  RoslJy  daMH 


I 


TELlURniM 

water.  The  wline  may  be  wnrmed  to  body  Wmperature.  The  0,6  ntn.  tube  ol 
!alvaniui  irquir»  for  corapleic  aotulion  is  drops  of  15  P"  c«nl.  MaOII.  or  more  ac- 
curately, 4-1  c.c.  oi  normal  NaOH.  The  solution  may  be  made  by  ttituratiog  (he  mI- 
vnrsan  in  a  mortar  with  the  vidn  solution,  nnd  then  adding  100  to  300  c.c,  of  tht  valine 
solution;  or  it  may  be  made  in  a  giadualcd  stoppett'd  cylinder,  first  sliakidR  the 
atlvarsikn  with  about  40  c.c.  of  -^tine  until  dissolved,  then  adding  the  sodn.  and  tmally 
■tUnc  to  too  to  300  c.c.  Should  any  remain  undissotvcd,  .1  fvur  iliu^i  more  of  the 
KaOH  may  be  added.  Any  excess  of  alkali  can  be  ncuiralieed  with  acetic  acid. 
li  the  solution  l*  out  perfectly  dear,  it  must  be  filtered  through  a  sterile  filter.  The 
injection  is  made  fium  a  burette  into  an  arm  vein.  Dreyfus,  1913,  reicommcnds 
sodium  salvarsan,  which  is  soluble  to  m  pec  cent.,  us  more  coovcnient  than  the 
titemporaneoHs  preparation. 

Neutnd  Salvarsan  Suspension  for  Intramuscular  Injection. — This  is  made  asep- 
tically.  in  a  moitar,  by  triturating  0.6  Cm.  of  the  salvarsan  with  10  drops  of  ij  pet 
cent.  NaOH,  or  with  i.t  C.c.  ot  normal  NaOH.  Water  is  then  added,  with  ronstant 
sittring.  at  first  drop  by  drop,  to  a  total  of  ;  or  10  c.c.  The  mixlure  is  finally  made 
exactly  neutral  to  litmus  paper,  by  the  addition  of  further  NaOH  or  acetic  acid.  The 
injections  are  made  with  a  tnick  platinum  needle,  usually  in  the  region  of  the  nhouldcr 
bladei.     Suspensions  in  neutral  oil  have  also  bet-n  used. 

Heosalvarsan  Solutions. — These  arc  prepared  by  simple  solution  in  iterile,  recently 
distilled  water,  using  (or  each  0,15  Gm,,  3  c.c  of  water  for  intramuscular,  or  Jj  c.c.  for 
intravenous  injection.  The  solution  must  hoI  be  warmed:  the  lcm]x"ra(ure  rrwitt  not 
exceed  ii°C-  or  7i°F.  Ravaut,  191  j,  urges  the  use  of  concentrated  lolutiuiu  (Merck's 
Report,  77 :  34S)- 


SELEWroM  AND  TELLURIUM 

Sdei^um  and  Tellurium  resemble  arsenic  in  the  Renerat  action  on  the  capillariM  of 
Ike  splanchnic  area.  They  also  afiect  the  central  nervous  system,  apparently  directly. 
Tellurates  arrest  perspiration  (after  the  manner  of  alropin?),  and  have  been  recom- 
mended for  this  purpuse  (S-jdii  Tellurjs,  1;  lo  50  rny..  ■-'(  to  ?i  gr.),  but  they  imparl  a 
very  persistent  garlic  odor  lo  the  breath,  tissues,  urine,  and  feces,  even  in  a  ([uanlity  as 
small  a«  0.005  mg.!  This  may  t.i5t  lor  several  months  after  tlteadmini^traliiin  ii  stopped. 
It  is  caused  by  me'.hyl-tellurid.  Selenium  is  more  toxic  than  tellurium  (WoudmS  and 
Gics.  tgoj). 

Potassium  tellurite  may  be  used  as  an  indkalor  af  living  bacteria,  yeasts,  molds,  etc. 
When  incubated  (or  14  hours  with  a  concentration  of  about  i  rjOiOoo.  livin):  cultures  of 
all  the  more  common  microorganisms  reduce  the  tellurite,  as  indicated  by  the  aiipear- 
ance  of  a  black  prvcipitatc.  This  concentration  is  prscticsJly  harmless  when  injected 
into  animals  (\V.  F,.  King,  and  Davis.  1914). 

The  effects  of  scleniurn  compounds  on  tumors  was  discussed  on  page  ja. 


VANADIUM 


W         The  pharmacology  of  this  metal  has  been  studied  by  Jackson,  lou.    According 

I     to  Luualo  (1003J  poisonous  doses  of  VCli  or  VBri  cauw  the  uisual  anatomic  leiiona 

■     of  metals  in  the  kiclneys,  liver,  intestine,  and  stomach.     No  lesions  are  found  in  the 

central  nervous  system.     The  blood  pressure  ia  raised,  and  the  excitability  o(  the  vagus 

is  depressed.     Death  occurs  through  respiratory  paralyiis, 

Cvculatory  Effects. — Jackson  found,  with  intravenous  sodium  orthovanodatc,  that 
the  rise  uf  bl'""!  pressure  is  due  to  systemic  vasoconstiiction,  by  direct  action  on  the 
arterial  mu«:lc  or  vasomotor  endings.  The  heart  is  not  strengthened-  The  pressure 
in  the  pulmonary  artery  also  rises  by  the  systemic  and  pulmonar)' vasoconstriction. 
Perfused  lung  vessels  are  strongly  constricteij  (llaehr  and  Pick,  igij).  Bronchial 
musck  also  shows  moderate  but  prolonged  constriction  (confirtned  by  Baehr  and 
Pick,  191^). 

Chmuc  VuiBdium  Poisoning^This  occurs  especially  tlirough  its  industrial  uie 
■•  K  mordant,  and  by  the  wearing  of  dyed  fabrici.  The  symptoms  and  lesions  are  IhoM 
cooimoD  to  other  chronic  metallic  intoxicaiJons.  The  lungs,  kidneys  and  digestive 
C«nal  arc  especially  ftflected  (Dutton,  igii). 


(rmXcolooy 

Thmp«utic  Hue. —The  phRrmncolnRic  nrllnnt  dnnol  point  loaay  dtfldtttkcvt*- ' 
tic  uMf ubi-u.    Viimitiium  huibcen  recommcaJed  a> «n  alteraijve,  tiniilti  ta inwic. it 
tubcKuloiis,  diabctck,  etc.,  but  the  evidence  »  not  oguvindag. 

PREPAttATlo:d 

SodU  ifeUi-ttt»adat.—Vfbite,  ftlraoftt  tiutelcas  powder,  »ol.  la  mt«t.  Dm,  ■  U 
9iag.  IHo  '■>  ^iS'-)-  According  to  Jardin  {i«oj)  It  Imwu  a^mlbtioa  mmI iaown 
protein  destruction. 


ANTIMONY 

Actions. — The  actions  of  antimony  resemble  iJiose  ofanetiic.  TW 
difTcrence  lies  in  a  grc»ter  Iocs)  irritation  and  a  much  lesser  ibMrpdn. 
Consequently,  when  Riven  by  the  mouth,  doaes  can  be  choacQ  wlioic  ttdf 
action  is  th^l  of  producing  naii:<^<i,  or  if  Komewltut  larger,  voBtitiii( 

Toxicology.— If  injected  into  the  circulaiion,  or  if  given  in  ovcnloiei,il 
produces  precisely  the  same  effects  us  arsenic,  but  vomiting  b  ilwj** 
prominent  phenomenon,  the  poison  being  rapidly  excreted  into  lie  ^■ 
rocntary  canal.  Small  doses  long  continued  leadloa  trainof^lDOtaa)^ 
subacute  poisoning,  entirely  analogous  to  those  produced  by  vetnicinlk 
same  manner  (Gaehtgcns,  1876;  Soloweitschylt,  1&80),  also  indudinttkt 
metabolic  changes.  Antimony  has  not  been  recorded  as  giving  fisc  H 
industrial  poisoning,  except  through  contamination  with  araenk:  R^*- 
ever,  the  pentasulphid»  that  are  u«ed  in  the  rubber  industries  arc  iurif 
soluble  in  human  gastric  juice  (Carlson,  1915).  Antimony  is  sonKtiBO 
used  in  the  glaze  of  cheap  granite  ware.  Tliis  should  be  prohihikdb]'!!* 
(as  it  is  in  some  European  countries),  since  some  samples  jicld  from }  '■» 
14  rog.  of  dissolved  antimony  in  a.  single  cooldoi  test  (K.  W.  Milltf,  14'- 
I  In  distinction  to  arsenic,  selenium  and  telturium,  antimooy  ii  b* 
converted  into  volatile  compounds  by  molds  {V.  KnaM-Lenz,  I'gij)- 

TreetmeDt  of  Antimony  Poisooing.— The  chemic  antidotes  are  cfgi, 
milk  and  tannin  (tea,  etc.),  or  in  its  absence  magnesia. 

Pot&ssium  hexattntaUto  pracfpltate*  aatimooy  coopoaadi,  even  in  tb  li^ 
but  it  cnuld  Ik  utilized  only  onlljr,  since  it*  bypodennk  tn]«ctioa  b  too  tiisc  (Rmciw 

Utd  Scvcrin.  Ii)!*)- 

HabJtuBtioii.--ODo  dinerencc  from  arstnic  is  ibat  the  continued  adailaiMniiM" 
nntitnuQ)'  tu  mamiaals  don  n<it  le^  to  tolerance;  nor  doe*  anenic  lubttnUiM  «■■■ 
tolerance  to  antimony.  Thu  dUTcrence  i*  explained  by  the  obKrvataoa  tbil  bi 
alMorption  of  antimony  isn^l  diminiahad  (Ctoctca,  ioii>;on  the  L-oattmry.  It  ii  ni^ 
■ncreued  (Itrunner,  igii;  hecbuinittome  tolemnce  for  i-valcnt,  but  aoi  Tot  s-tiiM|- 
ProbMoa  aUo  do  not  become  immune  a*  readilv  ai  vitn  arwnic  ( Rowniree  and  MA 
i^ii).    Antimony  immunity  can  be  iaduc«d  la  ufuaoria  and  doca  not  eitend  to  «n<«-' 

JN'eubaus,  loto).    Bacteria  Immunbed  to  aaeaic  are  alao  ranxtut  to  ua*>^ 
Marlu.  ipio). 

Local  Ketiiaa.—/lppti»i  to  the  ikin,  the  chlorid  is  a  stfoai  catislic.  The  dMUc*** 
ttalf  nl  antimony  ana  Pplaah  (tartar  emetic)  when  applied  over  long  periodic  pHdK* 
a  pustular  eruption.  This  U  due  to  the  decorapositiun  of  the  double  aali.  whin  I*  W 
ali^htU-  irritant,  by  the  add,  tecretion  of  the  follicles  into  more  irtiiaai  aWiB"** 
and,  Sb,Oi,  and  other  compounds.  Sach  lalvn  were  furmerly  uaed  to*  coiialB''>l* 
tlon.  but  ha\'«  been  abandoiied  as  too  destructive  and  tone. 

Dlffefcuces  in  Antimony  Coa^euoda.— As  with  arMiiic,  the  j-valonl  b  am)  ■'■j 
(to  ten  times)  than  the  s-volent.  The  oq^nic  derivativo  »how  wmilar  rdatifM.'* 
aide-chain]  bdnj  rebtivcly  unimporlanl  (Bruooer,  1911).  Cloctta  fousd  tlwfp**' 
biilti.'  rnjih  loi^i  Iciiii:  Ihan  lirUt  fnii'lii:. 

Hecbaaismof  Emetic  EUect -Thii  ii  produced  by  local  actioa:  for  lADcllaWM 
both  by  {^ulric  and  venoui  ad  mini*  Ua  lion,  the  latter  require*  mi>^  laiyndaMi,*^'' 
ing  occurs  much  mure  ilonty,  and  only  after  tlic  aulluiany  hu  boen  (Kieled  W«W 
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inub.  u  shown  by  Itfiprctcaoe  in  the  vomiiut  (Kldrnann  and  SlmouowiliA,  lA'jj). 
Ibe  aauMnst  ociion.  anu  the  incrcaM  of  the  salivary  and  bfonchUI  tccrction,  ari^  alto 
xtAn  <V.  K.  MenilerMn  wut  Tiiylor,  igio),  l.ikc  oUicr-lrfitonts.  antimony  ii  uul  to 
tncnaxt  urieaeiilexirtlUn  iAb\,  tgij).  '*■  ■  * 

Therapeutic  Use  as  Nauseant  and  Emetic. — "Tartar  Emeiic,"  ihe 
tartrate  of  antimony  am!  poiiiwiom,  is  i!n-  lOinpound  usually  employed' 
internally.  As  an  emeiu:  it  has  (alien  out  of  favor,  its  action  being  too 
llow  and  loo  depressing.  As  a  isuu^eant  il  has  advantages  over  all  other 
metals,  since  the  dose  required  for  tliis  is  only  about  one-tenlh  of  that  which 
produces  vomiting.  lus  continued  use,  however,  is  dangerous.  Il  is 
employed  mainly  as  a  depressant  expectorant  in  the  first  stages  of  acute 
bronchitis;  often  in  the  formof  Wine  of  Antimony,  i  cc  =  4  mg.,  HsK''-; 
Dr  smaller  doses  (i  mg.)  may  be  repeated  ever\'  hour  with  precaution 
Bgainsl  excessive  dcpre^&ion.  It  also  enters  into  a  number  of  compound 
Expectorants,  such  as  Mlstura  Glycyrrhiza.-  Co.  (8  c.c.  =  3  mg.  of  tartar 
Emetic  and  i  cc.  of  paregoricl:  and  Compound  Syrup  of  Squill  (a  c.c.  = 
mg.  of  tartar  emetic). 

Antisiony  hu  &n  interesting  hiilory.  roracclaut  in  the  rixtcenlh  century  prajscd  it 
I  a  paoscM,  and  It  wu  uMd  afcaliut  the  plague,  etc.,  peihap*  a  forcciut  ot  Ite  moit 
cent  UMS.  However,  numerous  <lMlfa»  muwd  its  formal  pro»criplion. 
Trypaaoeldal  Actloa. — Antimony  and  bismuth,  a*  well  aa  onenic,  are  highly  toxic  to 
irypanoioDiM,  althouxh  not  to  all  protocoa.  At  llio  nuj^tion  of  Dishny,  various 
inveatigatort  (riimmer  and  Thonuon.  1007,  Mesnil  and  Bninoait,  1908,  Thomaon  and 
jPiuhny,  1910,  Camac,  191 1,  and  others)  have  succtufully  used  injections  of  antimony* 
podium  tartrate  in  eiprtimtnial  and  human  lyrpaDoaumcinlcctloiu.  The  intravenous 
doae  (or  man  is  to  mg.,  in  saline.  Rowntrce  and  Abel,  loio,  advocate  ceriaio  nrRanic 
compounds,  such  as  todium-^ntimony  thiralycollate.  Tney  haw  the  ndvnniur^  i>ver 
tfa«  orcanic  anenlcab  In  that  the  parasites  do  not  become  Immune  as  readily.  They  ate 
Um>  k  hnper.  The  trypanocidal  activity  of  tartar  emetic  is  grater  in  the  pretfoce  of 
jkruni;  iliis  does  not  hold  for  arsenlrals  (ShUllnit  and  Gorctti,  i^u). 
I      Jemma,  1916,  states  that  taitar  emetic  is  specific  in  the  Leishmanioiis  of  children. 

r  *AiMM&nti  a  Palauii  Tarirat  (Antlm.  e(  Pol.  Tmil),  V.S.T.,  AMlmmlum  Tm- 
farafuni  (Aotim.  Tatt  ),  ft.!'.;  TaiUraiedAutimuny  (Tartar  Emetic),  iK(SbO;C«HaOt 
•4-  HiO. — ColorlcM,  transparent  ci^ilnltor  while  giiinulni' powder,  Sircct.  then  metal- 
lic tMtc.  Efflomcenl.  Sliichtty  acid  to  litmus.  Inctnipiitiblt  H'llh  aUalies  anil 
tanahia.  Sol.  En  water  (1:11)  or  slyc.  (1:15).  In*ol.  in  sic.  £)iur,  expectorant, 
kmg.,  HtSr-fU-S'l*.:  i-Stofimg.,  Hato  Mgr.,  B.P.icmclic,3oto6oms.,  fj  to  1  |r„ 

Lp. 

'I'Mun  Amlinoniiiit  (VJn.  .\ntim.),  B.P. — Contains  o-(  per  cent,  ot  Tartaratef! 
hntimony.  Dote,  cxpccloiBnt,  o.ti  to  i.Jt  e.c,  to  to  30  minims;  emetic,  *  to  t6  cc, 
I  to  4  drama,  B.P. 

Antim.  Oxid.,  B.P,,  Antimoniou*  Oxid..  SbiO*. — Grayish  powder,  insol.  in  trater. 
\htf,  0.06  to  0.1  >  Gm.,  I  to  z  gr.,  B.P. 

Pah  .-Indin..  B.P. — Antlmonious  oxid,  1  i>ajt;  calcium  iihiiaphBlc.  )  part*.  DMt, 
1.1  to  0-4  Gm..  ^  to  6  gr.,  B.P. 

Anlim.  Sulphur,.  B.P.;  Sulphurnted  .\ntimnny. — .\  miiture  of  antimony  sulphids 
lad  oslds  and  sulphur.    Orange-red  (Hiwdcr.     Past,  0.06  to  o.tz  Gm..  i  to  igr.,  B.P. 


TRKPAKATIOKS — ANTIMOK^' 


URAMUM 

The  salts  are  very  corrosive,  con.4eciuently  readily  absorbed, and  highly 
3xic.    Their  systemic  actions  are  simitar  to  tho«e  of  other  metals,  with  a 

ecia!  paralytic  effect  on  respiration;  this  resembles  cyanid  poisoning 
Liperticially.    They  produce  a  characteristic  nephritis;  glycosuria^  and 

unique  edema. 
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SnMB^  AtSoia.—Theiue  have  htea  tiudicd  Mpeditlly  by  WoroKUbkr.  itga^i 
D.  E.  jMfcsoo,  iqio.  in  aevtr  poisoaiag,  tlie  rupintioa  u  peculiuly  t^dtd,  ( 
increaiM,  ttitm  pttejAytiCii.  Tliu  iciulu  in  tlie  usuu  uphyxl&l  phraotiwna,  tdmAJM 
of  the  %'n>amotor  Mnter  and  riM  of  blood  prewure.  The  rtspuaXory  panljMiiilk 
Cduac  «[  death.    The  blood  It  raidcred  noiKoaLSulabIc  by  an  unknown  nutb^ito 

SoHetlul  d06«ssre  tollawed  tn  a  few  da}t  by  albuminurin  unci  glycowrU:  ptMAr- 
fnaCous  (Irgcneralkiiu,  gnslra-intestiiu]  dUlurbancci;  paralytic  symptonu;  indchHia 
in  the  bltiLxl  vessels. 

Aiutomic  Chances  In  Utaninm  Nephritis.— Thee  affect  both  tbe  lubulv  nilUiB 
and  the  glomeruli,  one  or  the  other  ptedomina ting  according  to  conditioat  (FImMr. 
1907;  Hftnek«  und  Mycrsicin,  10071  Dickson,  1904).  Tne  vaacular  ■athiMwi  k 
involved  first,  but  the  luliuUr  change  prostcM  longer  and  finally  pred«nin*tt  IVn- 
Nidrr,  loii).  The  unntomic  nnd  functional  diailKM  arc  more  seven  iadduiMb, 
and  iirt  increasrd  by  Hncithctict,  nptcblly  cblorotortn  (MacNidcr,  1913,  w)-  !•• 
arc  more  resblant  than  rabbiu  (O'llarc,  1913).  The  cpitbdium  show*  fatty  ^"^ 
the  glomeruli  arc  conicested.  Cbiblian,  tgit.  dtserlbca  characterluJe  hyiSMdmMi 
in  the  v«ssrl-m[]s  of  the  glomerular  tuft*,  'rbeae  do  not  occur  in  Othcf  tmAdiik 
kidnc>-»  at  in  other  orgnns. 

Rri>eated  Injections  of  small  d«aes|>Ti>duccadiroalclat«ntttln]&*|iliattii*>t>>ftn» 
changes.  (The»t  are  not  a»  severe  a*  with  chromflte»;  arsenic  did  BoC_piod»ata» 
stitiul  changes;  R.  M.  Smith,  igii.)  The  hittologic  IcHont  are  simiiii  la  h*M> 
chronic  diffuse  nephritis,  but  not  quite  Identical,  They  are  not  aMociatcd  witbuMw 
lesions  (l>ickson,  i5u)- 

Urine  Changes. — In  the  cnrly  (vascular)  stsxct,  the  quantity  and  tpedttpyp 
of  the  urine  (ire  itKreiDcd.  Albumen,  ylucoge,  ana  acetone  substances  appear, apni^ 
in  older  dvgt  (MacNtder,  1914).  .^  nirther  increaae  of  uritM  flow  may  b«  Mcm>|F 
csffda  Off  lolines,  although  the  mponse  is  slower  than  normal  (Thteliari  sol  QMb 

310;  Boycott  and  RySel,  191  j;  M^Homhul  und  Sctilaycr,  191J).  With  tbeappW*'* 
the  e^lhelial  changes,  the  urine  decreases,  the  tubules  beii^  abstracted  brtaei*"' 
ins  aitd  desquamation  of  the  cell*.  This  is  not  relieved  by  diuretio,  althoi^  '^7! 
cular  response  to  the  diuretics  mny  be  preserved  (MacNIiter,  191},  1914,  latj)-  n> 
e.icretion  of  thlorids  and  urates  is  diminished  in  acute,  ■□mewhat  increased  Btk*" 
acute  ncphrilit;  i.e.,  it  varies  in  the  tame  direction  as  the  urine  Sow. 

Pohl  described  a  subacute  nephritis  in  rubbils.  with  polyuria  until  deat^  **^?i? 
increased  excretion  of  nttroscn  and  diminished  chlnrid  output.  DUumi.  H'fc"* 
tUi  Inooniiinnt.  The  intravenous  Injection  of  caldum  or  of  hypotonic  NaO  mmcK" 
tiUs  subacute  nephritis  into  an  acute  lurm.     Isotonic  saline  had  iui  effect.  _  ^^ 

The  cxcretioa  of  endogenous  cretinin  is  diminished  in  both  stages;  bat  isi^ 
creatlnin  is  comnletely  excreted  in  tbe  ftuhncute,  reuined  in  the  acute  (KniM  n)£ 
The  p-kcnelfhtliatfin  iurtiion  also  varin  in  the  ume  dircclioQ  as  tlie  urine  An*  ('~? 
brey.  iQij).  It  bear*  no  definite  relation  to  the  histologic  le^nt  (Smith,  IflilV  Jj' 
Bon-pr»lein  niUotta  rflmlitin  In  the  blood  goes  natjUel  10  the  pfathalein  rrtCOTM;W> 
increase  und  recover  tuKclhcr.  except  that  the  [ihthatein  responds  muc  ff^'v 
(FTothingham,  Fiti,  I'olin  and  Denis,  1913;  Karthncr  and  Denis,  1914)-  He*'^- 
Mosonthal,  19(4,  pcJotsout  that  the  increase  of  Mn-proteinnltroffcn  lnlbrbl«ad»i^ 
nocesssriijr  proof  of  retention,  but  could  be  explained  by  increased  prutcjo  dctfM''* 
or  by  inspisxation  of  the  blood  through  polyuria.  ^^ 

MscNider,  iQifi.  finds  the  totlcity  of  uranium  associated  with  atUtiiit,  M^^ 
carbonate  havinu  a  <iisllncl  saving  effect.  It  alio  protects  the  uranium  iUatjtV^ 
anestbetic,  no  that  theie  produce  much  less  epithelial  degeneration. 

Uranium  Glycosuria. — This  develops  on  the  Arst  or  sccoimI  day.  The  atti***'^ 
ststs  partly  in  Increased  permeability  of  tbe  kldneii's  for  sugar,  for  U  may  occvsOmI 
hyperglycemia  (Franck,  1913),  and  may  er-en  relieve  hjiierglyceniia  wbfll  iM*  b*' 
to  decreased  permeability  of  the  kidncv  cells  (Pnltak,  1911}.  The  sugar  dors  ■**  *'*' 
any  definite  relation  to  the  other  urinary  cun^iltucois.  except  alhumln.  sUA  >* 
fairly  parallel  (Wallace  and  Myers,  1914).  However,  uranhim  may  itsdl  caw  t}V' 
gtycetnia,  even  when  the  kidneys  are  excised,  so  that  part  of  Its  ScUob  mOM  t«  *>"*' 
renal  (Fleckscdrr.  i-fofi). 

Ifvphritk  Glycosuria.— Glycosuria  without  hypcr^yceima  eooso  <dit  ■■T 
nephritic  poisons.  With  cantharidis,  it  Is  attributed  to  increased  P*nBi»bflllr«l* 
vcMcIs;  with  uranium,  chromium,  tellurium,  mercury  and  alots.tolaiomidhri**'" 
epithelium  (Luuato,  1914). 

Uranium  Hydrops.—The  bypodenalc  adnlnitiratioo  of  tmnlnai  salt*  V""f^ 
gcnerjil  anasarca  and  atciles  (Lecontc,  1854:  Rkhter,  tgos),  a  hlgUy  albuiwttxwi  y 
traniudini;;  mainly  into  tbe  icrous  cavities,  but  also  into  tbe  other  tiMaes,  sad  esMt 
eircn  to  the  fciu:i  in  nirra  <tliberxcil,  1905). 
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U  s«med  natural  lo  tipiain  this  by  nrphritis  unci  nmirin,  biit  this  pxptiui.ilion  doc* 
not  coriispond  to  the  fuels.  Ncphmlumy  diunc  diM.';  nut  produce  liyd:u[i«,  su  Ihut  the 
anuria  docs  not  iurnish  the  explanation.  On  thc^  other  hand,  the  urunliitn- hydrops 
occurs  in  ncphrectomixcd  [iiiimais.  si>  that  the  Lidncyi  arc  not  concerned  in  its  produc- 
Ucui  (FlecLscder);  not  do  Ihc  histologic  kidney  lesions  b«ar  any  relation  to  the  edema 
(R.  M.  Smith,  tgi  t).  The  fundamental  change  consists  pretumably  in  an  altered  [ler- 
meabDity  ot  ihc  capillar}-  walls  [Riditer.  1904).  The  injection  of  the  blood  of  utomuin 
animals  into  chroraatc  animals  also  produces  edema  (Hcinccke,  lyoj;  lllanck,  igoti). 
Edema,  however,  occurs  oidy  in  animals  which  are  freely  supplied  «-ith  water — other- 
wise the  uraniurn  causes  anuria  without  hydrops  (Hcckseder).  Retention  of  snlti  ia 
not  connected  u.'itli  its  production  (Kichtcr,  igoj).  Id  acuic  uranium  poisoning,  the 
lymph  fitnr  is  not  increased  {Jackson,  igio). 

Uranium  poisoning  interferes  with  the  tesloralion  of  the  blood-volume  niter  saline 
infusion  (Bogert   Underbill  and  Mendel.  1916). 

Therapeutic  useE. — The  soluble  uranium  nitrate,  has  been  used  in  diabetes  mellitiis 
and  in  phthisis  in  doses  of  75  mg.  (i  Rr,);  largely  diluted.  The  reiulU  are  loo  indehnitc 
to  justiiy  the  further  employment  of  so  dangerouk  an  agent. 

P8EPARATI0N— U  RANIUM 

Vnmi  Nilras  (Uran.  Nit.).  U.S.P..  UO.tNOiJi  +  oUrf).— Ughi  yellow  prUms; 
bttter.  astrinKent  taste.  Freely  sol.  in  water  (e  :i.i)  or  in  ale.  i)0ir,  o.oi  Gro.,  ^ 
ft.,  VS.V.;  diluted.     Use  with  caution. 
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The  insoluble  basic  bismuth  salts  are  used  on  inflamed  surfaces.  They 
act  largely  mechanically,  as  protective  and  tirying  dusting  powders.  The 
use  of  soluble  bismuth  preparations  is  therefore  irrational.  The  insoluble 
bismuth  compounds  are  also  employed  in  X>ray  diagnods.  Even  laxjgc 
doses  are  ordmarily  harmless,  but  may  become  poisonous  under  special 
conditions.  The  medicinal  use  of  bismuth  is  said  to  dale  from  Dr.  Odicr 
of  Geneva,  1785. 

Local  Actions  of  Insoluble  Basic  (<Hcy)  Bismuth  Salts. — These  form 
fine  adhesive  powders.  The  subcarlionale,  subsalicylate  and  magma 
axe  insoluble  in  water.  The  subnitrate  and  subgallaic  are  somewhat 
hydrolyzed  and  therefore  very  slightly  soluble  (Bonfek,  1910;  Stingel, 
1911).    Their  solubility  in  the  body-fluids  is  only  verj-  slight. 

They  have  a  marked  healing  effect  when  dusted  on  wounds  and  on 
infiamed  mucous  surfaces.  Applied  to  wounds,  they  dry  the  secretions 
and  form  a  protective  covering,  so  that  the  wound  heals  as  under  an 
aseptic  scab.  Thi.s  action  is  partly  mechanical,  due  to  the  stoppage  of 
the  lymph  and  blood  capillanes  by  the  fine  particles  of  the  powder  (H. 
H.  Mejer,  1885).  Other  indifferent  subsUnccs  in  an  equally  fine  state  of 
subdivision  have  a  similar  action.  However,  a  small  amount  of  bl.-irnutb 
undoubtedly  goes  into  solution,  and  aids  by  exerting  an  astringent  and 
mild  antiseptic  action;  indeed,  the  l>a.Hic  bi.smuth  salLs  are  among  the 
most  effective  of  the  non-irritant  intestinal  antiseptics  (Sollmann,  1908). 
In  the  alimentar>-  canal,  the  basic  bismuth  salts  act  not  only  in  the  manner 
indicated,  but  also  by  precipitating  hydrogen  sulphid  (Stingel,  1911). 
Bismuth  stools  are  therefore  blaclc  The  subcubonate  (not  the  subnitrate) 
is  a  slowly  acting  antacid  (J. A.M. A.,  60 : 1 175). 

Therapeutic  Use  in  Digestive  Disorders.— The  combination  of  these 
action^  render  the  subnitrate  or  subcarbonate  (0.5  to  i  Gm.,  8  to  30  gr,, 
every  two  to  four  hour»)  very  useful  for  allaying  diarrhea  (X-ray  obscrva- 
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tion&,  Hesse,  1913)  and  nasMIU,  and  sometimes  against  vomitiM.  1\kj  ' 
may  be  combined  with  other  Intestinal  antiseptics,  such  as  aid.  tie 
bismuth  powdent  are  similarly  useful  in  jCCMfruriiArim  (i  10  2  Gm.suspcaild 
in  fluid,  before  each  meal).  They  Ics^rn  gastric  secretion  aod  iMtf 
{Bastedo).  In  normal  individuals,  biunulh  is  not  conslipatins,  ra 
with  ihc  large  doses  used  in  \-ray  work  (Cannon,  igti).  This  indicita 
that  the  effects  are  on  the  inflammation,  and  not  on  the  peristalsis. 


(a  mtpauioa  of  tlie  kydfobd)  dm  M 
Howevn,  Slinttel  found  tbU  dm 

b  Mid  lo  dinisith  mi  «dri 


flultc,  1910,  daimcd  that  "biimuth-milk' 
clictk  diarrhea,  the  sIooH  rvmaininK  llKlit-<Qlc»«<l. 
preparation*  ai»o  bind  aulphids. 

Like  olher   intotinal  »edativti,  biimulh  lubnitMte 
txcrrlion  (AM.  iqt.;). 

On  in  X-ray  DiaenMiB.— TIm  opadtv  of  the  bismuth  »}u  to  X-ny*  nukci  At* 
vcty  suitable  U't  iiiiiUntng  titc  dope  una  movrmmts  oj  the  alimentary cuul.  AbMI 
^Gm.  (1  ouncn)  of  tfaesubcarbot»te(noi  ihcsubiiitntc)  are  admlniticred,  wkoM 
in  buttermilk,  thick  «oup,  etc.  Best  and  Cohnheim,  iQiitp  belictY  that  Um  tNMU 
meat  dcln)-»  theetnptylntcol  iheHomach  bv  nn  hour.  The  UK  ofotheriutsUMafa' 
txdJographlc  purposes  is  discuaud  in  Merck's  Kcpoti,  31:43,  igiv 

Other  Uses.— Bismuth  is  used  as  dusting  powder  or  oiBtnuDt  ()o 
per  cent.)  on  ulcers  and  other  open  surfaces  and  mucous  menbrtBts- 
Suspensions  tonltiining  10  per  cent.  o(  bismuth  subnilraie  may  bt  in- 
jected in  urelbrilis.  Bismuth  poisoning  may  arise  if  it  is  applirf  l»» 
extenidvely,  or  if  it  is  conftiied,  as  in  the  injection  of  bismuth  putttlM 
sinuses. 

Blsnuth  Past*.— E.  Beck  Inlroduceil  a  paste  of  t  part  at  bi&mutb  suboiUtli*^ 
parts  of  petrolatum,  in  chronic  cuppurati\  e  ub^ceHM  aad  liDUses,  oflrn  vitb  atv** 
TtMilta.  The  in Jectiont  are  made  Bt  lint  every  three  or  four  dayi,  then  not  obOKUn 
once  a  week.  Acuta  abaceMcs  ilo  not  respond.  Stomatltb  haa  foUowed  ill  wt  ^ 
three  weckaioniti occurrence  the  remaining  pattenhould  be  iTUhcdawajrwitK am *' 
Jensen,  tgi  i.  stso  reports  nllHle  poiMninn  tram  rislnlx  Infected  with  O.  colL 

The  lechnic  and  precautiona  tor  the  tiw  of  bismuth  pwte  are  deicriMhTtG. 
Beck.  1916. 

Difiereocfls  Between  Bismuth  Salts. — Thesubnitrateandsubcaihcaflt> 
the  oldest  of  the  insoluble  bismuth  compounds,  answer  ever>'  putpott- 

Various  ortanit  salU  have  been  introduced  m  Kubatitutoi,  such  as  the  tnbpJ* 
(Dermutul),  eipecially  for  dutting  powders;  but  It  is  dlthiCiill  lo  see  ha»  they  cf* 
aupcriur  to  the  much  mote  economical  older  products.  In  other  Nbatltvtai.  anliia* 
aromatic  radical*  have  been  Introduced,  but  the  iame  or  better  raulta  can  bt  iSnM>T 
mijting  the  ordinary  tnsmuth  salts  ailh  olher  insolnbla  anlitcptics,  isdi  ••■)■* 
betonaphthol;  in  fact,  howerver,  the  biunutb  alone  is  sufficieMly  anllwiirir  It*  •* 
purpoaca  for  which  it  h  used. 

Then  !s  til  tie  difFncnce  between  ihr  actions  ol  the  $libC4riinlli  a»d  mMHh;  Ml  * 
the  whole,  the  sub<«rbonate  de«e[\^i  Ihc  preference, ^nceitCUnolglverlMtelteW 
The  tubaitratc  has  also  been  said  to  be  liritani,  since  il  cooaists  of  sI's'Pfr''" 
microsoopic  cryatab.  whereas  the  subcarbonate  is  amorphous.  This  ■*'ppt**<'^^ 
action  is  wholly  imifinnry.  m  can  be  shnivn  by  dusting  thcsuboitrateon  thccoojM^*' 

Tlir  uic  of  sokibU  bJEinuth  Mlts  ia  irrational,  Knee  they  bck  tbe  soothini^H'''* 
irhkh  constitute  the  main  v^ilue  of  tli;  lnsolut>)e  products.  On  the  coDtrarr,  0*T  *^ 
markedly  irritant.  Their  introduction  Is  due  nwnly  to  the  ntravagul  dflU*" 
"elegant  pharmacy"  Hhkh  was  rciponiJbIc  for  the  oil-frcc  cod-liver  oil  prtpanli"*- 

Absorption  and  Excretion. — A  small  amount  of  tbe  basic  bisnuA 
■alts  is  dissolved  by  I  he  add  gustric  juice,  is  al>»orbed,  and  eicreled  by  J** 
urine  (Domcr  and  Wcingacrtncr,  1909),  mouth  and  large  intestines.  TW 
quantity  is  not  sufTidenl  to  produce  any  systemic  effects.  The  aKf*** 
soluble  salts  arc  absorbed  more  extensively,  and  even  the  iiuoiubic  ^ 
may  be  absorbed  sufllciently  from  extensive  burns  to  prodtKc  poitootfl 
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(T.  Kocher,  1882).    In  human  poisoning  the  bismuth  was  found  mainly 
in  the  stomach  and  kidneys.  »nd  a  little  in  the  Iiv«r  (Barthe,  i9i3). 

Poisonous  Effects  of  Bismuth  Compounds. — Even  very  lar^e  doses  of 
in;«olul>)e  bi>muth  salts  do  not  ordinarily  produce  any  harmful  effects 
when  taken  by  mouth.  Under  other  conditions,  toxic  symptoms  may 
a.  rue. 

The  phenomena  may  take  »e%*end  forms:  nitrite  effects  from  the 
reduction  of  bismuth  subnitratc;  capillary  thromlMsis  from  precipitation 
of  bismuth  sulphid  in  the  intestinal  vessels;  chronic  bi»mutf)  pwsoning; 
and  the  acute  effects  of  soluble  corrosive  bismuth  salts. 

Csbot,  1911,  hu  oollKl«d  thirty-ltim  hunuui  cum*,  at  wlu'cli  llurty-one  were  (rora 
injections  into  ■iniMCt  or  wound  drosingn  in  ciUnuve  burot,  Itc  a!«o  review*  ibe 
esperiiiKOtal  work. 

The  literature  of  bismuth  poisoning  Is  also  reviewed  by  W.  H.  HijtRina, 
1916. 

nitrit*  MsooiiiK.— The  UM  of  llw  rtEativeljr  rnormouji  i\eaa  ol  hiimuth  lubnitrite 
lar  radiotfiagniMlio  purpcoci  has  caused  Mvetal  mtuxiciitioiu,  uiib  tnchemuitlobincmia, 
iatcmc  cnnmis,  dianhca.  dji^pou  and  death  by  arrest  of  tctpiiation.  These  cflwls 
ifC  tH>t  due  to  the  bismuth,  but  to  tbo  production  of  nitrite  by  the  reducing  sction  ol 

KCreEaclJve  (ecal  bacteria,  apedoUv  in  the  Luge  inteMtocs  nod  rectum  (Benneke  and 
lAman,  190A;  Bodime,  1907:  R.  0.  Bock,  1900;  Zollin^r,  19111  Zodek,  1914). 

PrwIpKatkia  of  BiMnHb  Su^d.— BLtmuth  lornu  a  bUck  and  very  tnitotubla 
wilphid.  Since  H|S  is  •!««>■*  prcunt  in  ihe  larse  intestine,  the  fecec  are  alwancoJorad 
Uack.  Wben  tbe  bisnnilh  Is  in  iIk-  blood,  the  preclpIt«llon  nay  occur  in  tne  veaidi 
of  ibe  luft  latcotiae.  and  lad  to  capillary  embolism,  and  this  to  sUeratioti,  vith  the 
dinkalfys^lHuol  voaitinK.  diairbca.cimfliiMi,  colic,  and  coiitia — the  bttcr  very  rsrdy 
atKVcreas  with  mercury.  TbenNtopryb  bl«authpDiaoaki(iliowatbcnaIiiiDfloltlM 
cecun,  adJolnioK  colon  ud  appendii;  teas  la  tbe  dnweitdtng  etdca;  and  itoiw  la  tk« 
snail  intestian  (Cabot,  rgii). 

Bboiath  tolphid  1*  also  pr«cipiiat«d  ia  the  mmili,  and  tonat  •  "ItadJiit"  at  ibc 
Jiuctioo  of  tbe  pirns  and  (Mth;  then  patchy  diacdotatkin  of  tbe  adjacent  mucosa 
and  tongue,  and  gcneial  stomi litis.  Tbee  are  procniDent  lyraptona  la  chrnik  biunutb 
poboniac  (WarAeld.  iqii). 

Diteet  Sjstemic  ActiOBB^— TbcM  can  be  elidted  by  intravnotu  faijectkui  of  tbe 
■oa-pftci|Mtant  ulis.  Tbey  may  also  occur  from  rcUtivelv  snMH  dotea  of  the  Kdttblc 
bismuth  salts  vhcs  taken  by  ntouth,  Nncc  thcM  ore  tOo^y  conocive. 

If  •  mXmMs  Himuili  tail  ii  willed  diiectiy  mto  the  Hood,  It  produces  the  aneaic 
pbenoincaa  oa  Mood  vcatel*.  Titere  is  perhaps  abo  a  direct  ioro(v«m«at  of  the  oBtml 
nervous  system  and  deprwdoa  of  tbe  vaaomotof  center.  The  btart  moscle  b  abo 
depreMed.  Tbe  blood  pressure  liaks  therefore  very  rapidly  (Meyer  and  Steisfdd, 
1885). 

Clinical  BismuOi  Poisoning.  -This  is  characlrrized  by  fever,  head- 
ache,  MomaiitiA,  lead-line,  gastro-intestinal  irritation,  colic,  and  albti* 
minuria.  It  differs  from  lead  poisoning  by  the  absence  ot  pexalyttc, 
circulatory,  blood  and  respiratory  changes.  Fatal  cases  may  show 
ooDvulsioQs  and  lock-jaw  {Zollinger,  191a). 

U  bbaoath  s^-mptoms  develop  with  B«ck*s  paale,  tUs  aboald  be  raaaovtd  «Itb  warn 
eUve  oil,  curetting  tf  necesMry.  Oiygea  and  ialkie  nay  be  adninisUfcd  for  netbeno- 
gtobhwBla  (ZoUtater.  iqij). 

FIKPASATIONS— MSMCTH 

BlsmtHM  AtMS/UMai  (Bicm.  Beiaaaph.),  D.SJ>.  (Oipbol).— A  coofMuad  of 
bisnath  and  betaawbtbol  ol  aomewhai  varyini  connpoaitiow,  yiddiag  not  law  than 
7j  per  cent,  of  BisfV  Deconposcd  iaio  its  coastitucais  is  the  ininliiir  A  hvS- 
oolmd  to  |faylah.b(awB,  aawrpbons  powder;  odoclesa,  iiiKlnii.  nearly  tniol.  id  water 
aad  ale    Dtm,  0.5  Cm,  8  p.,  U.SJ>. 
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Bhm.  d  Amman.  Cii.,  U.S.P.— Of  Mmcwhnt  varying  chcmlul  comiMitiaK ;Wt 
not  IcM  than  46  p(^'  <^i>t-  of  BiiOt-  \'tty  w>t.  in  water  jod  spAiinglv  mI.  IbiIc.  Vai 
for  making  bUrouihsoluiioDb and  cliiin.    Dtut,  o.iiiGia.,  1  gr.,  OS.?. 

Liq.  Birm.  rl  Ammen.  C'il.,  B.P.     Doit,  1  to  4  c.C,  H  to  i  (Itam,  B.P. 

Uagma  Bismullii  (Magina  Bum.),  U.S.P.  (Milk  of  Bbinatli).— A  lUck,  rtilt, 
opaque  liquul,  coniainlne  biftinuth  hydroxid  and  bUmuth  subcarfcoaate  n  wfMM 
ja  water,  Prrparcil  by  pr«cipi(fltinK  a  aotulJoa  ot  Bitmtilh  nitntc  with  imaalti 
corKspandinR  to  abaut  6  [icr  cent,  of  BitO|.     Dbk,  4  c.c.  (t  dram),  U.S.P. 

'Siimul/ii  .■iuhoirboHtis  (Bitttt.  Subcorb.),  U.S.P.;  Biim.  Corfe.,  B.P.  (BiUH(kOi)~ 
carboDUte), — U(  varyinji;  cbcRilcal  coh^KwI^OD;  yielda  nut  hta  than  90  m>  (A  «< 
UiiOi.  White  powder;  odorlea  aod  taatclMa.  Inaol.  io  water  or  ate.  (■cmTMU' 
with  adiU,  »uii^ur,  autphid^  and  lodidt.  D»M,o.s  Gm..  H  gr.,  U.S.P.;  ojCat.iC*. 
S  to  lo  KT;  B.P.,  In  powdera  ot  iiutpeiuioa. 

Troth.  Bhm.  Co.,  B.P.— Eadi  contaiiu  0.15  Gm.  of  Biuo.  Subcarb.,  aij  4  Vita 
Carb.,  and  o.j  of  Calc.  Carb. 

*Bifm.  Subz'^latmim.  Subeall-).  V.&.P.  {Donnatol).— Of  varylnecbtwotoapo*- 
tioDi  yield*  not  1e>>*  than  51  per  cent,  of  BitOi.  An  araorpltauft,  brkht  ytll**  pvMr. 
odorleta  and  tasteless.    InMl.  in  water  or  ale    Di»t,  0.5  Gm.,  8  gr.,  lf.S.P. 

•fftoiiiMtti5«tni//M(Bi»m.Subnlt.),U.S.P.,B.P.tBi»n«ithOiyniiral<).-0(»^ 
cbetafcal  conipautiou;  yields  not  Icsi  than  79  (>er  cent.  u(  BliOi.  A  vUx  po*^- 
odorLess,  almost  ta&tclcss.  and  sliehtly  hygroscapic:  almoit  insol.  in  water,  laul.  it  i^ 
tiuempolibililiri,  sec  BUm.  Subcarb.;  effervetcc*  with  lolubic  caitMiwIa-  9"^ 
o-s  Cm.,  i  gr..  U.S.P.;  0.3  lo  1.1  Gm..  s  to  10  p..  B.P.  ,, , 

■Biim.  Subsal..  U.S.P.;  aiiin.  5<iJ..  B.P.— Of  varving  chemkal  empoaWw^ 
not  IcKs  than  <ii  per  crnt.  o[  BiiOt.  A  whil«  or  ncaiiy  wkite,  amonkiui  or  otiBrM 
puwdei:  odorlcM,  taBicleta;  almost  insol.  in  cold  water,  laamp^&t*  with  MJAiMt- 
lies,  alcohol,  tannin,  or  iron.  XXfK,  o.j  Gm.,  8gr..  U^P.;oj  to  i.i  Ga-.  ll«»V< 
B.P. 
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IRON 

General  Statement—Iron  occurs  widely  distributed  in  the  body, 
several  more  ur  less  firm  »ncl  non-ionizabic  combioatioRS,    (t  it  (oou 
all  chromatin'  and  therefore  in  ail  cells;  in  the  hemoglobin  of  Ibtbtad; 
and  in  granular  form  as  '"  reserve  iron"  in  the  blood-forming  and  iautf 
ing  organs.     It  is  also  a  necessary  constituent  of  the  oxidases. 

Iron  in  therefore  of  Rreai  importance  in  metabolt.>i.m.     Wheaadob- 
istercd  to  normal  animals,  it  bos  no  systemic  action,  but  incrtflsn 
"reserve  iron."     In  most  anemias,  the  administration  of  iron  lends 
lestorc  the  hemng:1obin  to  the  normal  and  therefore  improved  nfltrii 
The  soluble  iontzable  salts  exert  local  astringent  effects. 

Direct  sfstomlc  actions  may  be  tecuttd  by  the  iniravtnout  or  hypotei^  V^ 
tion  ul  Doa.pritipituliiii:  .ults,  or  by  the  abiofptian  of  corruaive  p«paiatlo«»._^ 
effects  resemble  those  of  arsenic  (11.  Meyer  and  Wtlliims.  18S1;  Jacob],  iSSj).  <** 
eflfclsuccur  with  doing,  per  kilogram,  hypodermic  ot  by  vein;  but  not  mtk  tb(ii|MW 
hypodermic  dou^i  [L^iiine,  1S51;). 

Astringent  Action  and  Uses.— The  soluble  salts,  especially  tbe  k^ 
precipitate  proteins,  readily  and  are  therefore  styptic,  astringent,  ifli'**' 
and  even  corrosive.  Their  internal  administration  Is  apt  to  product  tK" 
gastric  inilation  and  constipation.  The  tincture  of  ferric  chlorid  U  <*>■ 
ployed  as  an  astringent,  cs|lCi-i.^Uy  in  vargleft  (i :  10);  thia,  and  otbrt  >!• 
sails,  particularly  the  Liq.  Fcrri  Subsufph.,  are  also  used  as  local  itjTilit^ 

Tlie  ^id ministration  of  iron  does  not  camst  retmt  irritalum. 
Ringworm.— Garret  I,  i9ii,  nccomncads  painiiag  the  fcalp  widt  oadhMd  U^ 
FerriCblor,  Fwti-,, 

'. \. P. Mathews stata that  recent  wock  throws dotibl  on  tbe  preieiKCCli 
nuclei. 


IRON 


763 


Income  and  Output  of  Iron.  The  l>ody  of  an  adult  man  contains  aliout 
j.o  to  3-5  Cjm.  of  iron,  of  which  about  1.4  to  1.7  Gm.  are  in  the  form  of 
£cmo({lot>tn.  On  a.  normu)  diet,  he  excretes  diiiiy  about  10  mg.  of  iron; 
even  in  starvation  the  excretion  avcra^it  about  8  mg,  (I".  Mueller).. 
This  is  normally  replaced  by  the  absorption  of  iron  from  the  food.  A 
daily  minimum  Income  of  6  to  11  mg.  is  required  to  maintain  the  equi- 
librium. The  iron  content  of  the  ordinar>'  daily  diet  may  vary  between 
7  and  35  mg.,  generally  between  11  and  iq  mg.,  16  mg.  being  the  mean 
Value  (Sherman,  1907;  extensive  bibliography).  The  iron  income  is 
therefore  ordinarily  more  than  sufficient  for  tnc  needs;  this  even  in  other- 
wise poorly  nourished  individual.'!,  since  a  vegetable  diet  is  relatively  rich 
{n  iron. 

Iran  CoDteat  of  Foods. — Tlus  varies  considerably,  a  fact  which  mny  be  ucflisMl  io 
the  treatmcDl  of  anemias.  It  »uffic«a  to  remeniber  thai  blood,  tnnir.  >'olk  o(  ckk^.  and 
.tb«  green  portiuaiot  vegetablc*,c»rrat*,  fruits,  etc.,  ArenpcciBlly  rich  in  iroD  U;  to  40 
>Bg.  per  too  Gm.  gf  dry  tubttancc);  while  cKK-trhite,  milk,  oni]  the  ccrab  (especially 
>«hitc  flour)  sr«  poor  inlron.  Whole  wheat,  potft ton  and  iiielej[u>n*:t  arcfatermedUte. 
I  Dwk  (Runiei  critpu»),  according  to  Hachct.  ha«  the  higheU  iron  cootcnt  of  any 
plant,  and  hu  therefore  been  recommcndol  for  anemia  (Vaweur,  iqoj).  It  Is  clalmMl 
I  [Cilbettaadlcrcboul]et,'i9o&)  that  this  conlcat  of  ornnic  Iron  can  b«considenibl)' raised 
I'by  cullivaling  the  plant  on  a  «a«l  artificially  enrichea  with  ferroui  carbonate. 
.  The  iron  of  plant*,  when  once  fixed  in  the  leaves,  is  not  transported  into  new  tissue; 
'diSering  in  this  respect  from  N,  K  or  P  (Gile  and  Carreto,  iqiO). 

Metabolism  of  Iron. — The  increase  of  the  iron  content  of  tiie  body  in 

crowing  uninKtU.  :ind  the  equilibrium  in  adtdls,  arc  sufficient  evidence  that 

I  food-iron  is  normally  absorbed,  metabolized  and  excreted.    The  conlro- 

^veray,  whether  inorganic  iron  comjwunds  can  also  be  metabolized,  may 

'  now  be  considered  settled  in  the  affirmative:  their  fate  is  identical. 

All  compounds  of  iron  undergo  H>me  preliminary  and  proltaUy  un- 
important changes  during  digestion.  They  are  then  absorbed,  mainly 
from  Uie  duodenum,  but  also  in  decrea.sing  order  from  the  succeeding 
portions  of  the  intestine.  A  part  generally  escapes  absorption  and  is 
eliminated  by  the  feces.  The  part  which  ts  absorbed  passes  into  the 
inteiitlinal  epithelium  in  a  dissolved  conditiiiii.  the  organic  compound* 
being  at  the  same  time  changed  into  looser  combinations.  The  absorbed 
iron  may  then  pa.%i  directly  into  the  capillaries;  or  through  the  stroma  into 
the  lymph,  reaching  the  ulood  via  the  thoracic  duct.  The  relative  rdle 
I  of  ttic  blood  and  lymph  absorption  is  not  yet  clear,  but  it  seems  that 
I  normally  the  main  absorption  is  directly  into  the  blood. 

From  the  blood,  the  iron  is  deposited  as  granules  in  an  ca^ly  decom- 
posed organic  form  (ferratin)  in  tlie  cells  of  the  hematopoelic  organs,  in 
the  liver  and  red  marrow,  and  particularly  in  the  spleen,  to  a  less  extent 
in  the  kidneys.     In  this  form  it  remains  until  it  is  used  or  excreted.    The 
\spletn  seems  to  lie  important  in  maintaining  the  iron  reserve  and  in 
I  preventing  excessive  excretion. 

The  excfftMH  occurs  mainly  by  the  large  intestines  with  traces  in  the 
L  urine.  tMlc  and  gastric  juice.  The  excreted  iron  is  la  firm  organic 
[combinatioiL 

I       The  ti/i/isofton  of  the  iron,  its  transformation  into  hemoglobin,  occurs 

J  only  as  needed;  so  that  the  total  quantity  of  hemoglobin  does  not  rise 

above  iwrmal.    The  same  is  probably  true  of  its  utilization  by  other  cells. 

An  cxcestite  obiorpliDn  of  iron  ri;3ult»  merely  in  an  increase  of  the  reserve 

I  Slock. 
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Tlie  afiminisiration  of  iron  is  therefore  useful  only  in  those  i 
in  which  ihr  normal  inrome  or  the  a.s.similatioii  of  iron  is  dcGdenL 

Orxaaicaod  looncMiii:  Iron.— Tu  undcrtUoU  tJictollowtaitdbcmrioM.itfaaiwaMT 
to  have  a  clear  concvptiun  of  th«  terini  "iDurpnic"  aai  "ornnk"  faoa.  ImtImk 
irm  pttparalitim  coolnin  ibc  mrul  in  ion-fom ; ).«.,  the  iron  nn  W  Mp>t«t«l  bta  An 
by  eUcUolysis;  &ncl  Uiey  i:iv«  the  onlin&ty  iraa  roacikiu  (with  ammoahB  KdM 
fmncynnid,  or  bcmotoxyliii)  mlhout  preliiiitiuu7  treaUDcnt  of  any  kind.  Il  blofr 
terial  nlicllier  tbo  Iron  is  combined  with  an  orsnic  or  inoisuiic  ooioa.  Evalkifc 
buminnlc  of  iron  a  eonsidrtrd  U  "inorgnoic"  in  Ihi»  MBk. 

Organic  iron  ("  maik'ti!"  or  "mm»-imk")  prtpcrolhiu,  on  the  other  buid,cnBriila 
metal  a  a  cun^litucnt  (lart  o(  the  loolfcule, In  snoD-di«aocial>le  condition,  wthMlhn 
do  not  sivvthi!  iron  tetUUQtfl  the  metal  hs*b«cD  liberated  by  thedcconifiMlloit'lw 
molecule.  There  arc  all  degree*  in  the  fiimncKt  of  the  oroanic  combinaliM;  MOtM 
decomnoMd  by  dilute  adds  (ferratin,  the  zranulcs  in  which  the  iron  rCfcrvtiliWi'^ 
the  upleea,  liver,  etc.);  in  others  (hemoiilobic,  and  the  iron  o(  food)  BOthiac  tk*!* 
combuntion  or  heating  with  conceniraled  aadt  mil  liberate  the  iron.  In  tuUfc* 
or][&nlc  comiMundk  t^.,  the  vaHoiu  double  nits  cod tklnlnacl trie  tad  tmajtiw. 
Uie  iron  is  alto  lamly  noD-tooic,  but  con  be  easllv  liberated,  in  mobculof  coapiM 
titdi  as  ferrocyanidi,  the  iron  h  very  firmly  comDincd. 

Hematoxylin  (frcih>$pcrcent.  solution  In  water)  is  one  of  the  i>m  re ogr nH.  Jyjt 
ret^ns  Its  yellow  color  with  maiked  iron,  but  Is  blackened  by  iDonanlc  lUiaAn 
1897).  However,  acid*  interfere  with  the  reaction,  so  that  "oialysMl  itoo,"  iltUt^ 
inorgoi^c,  does  not  react  until  it  is  mode  alkaline.  Ammontun  ^ulphid  faifeo'iy 
itucnt;  but  Its  prolonged  contsct  liberates  Iron  (rora  the  le«i  firmly  mMkcd  oaufwn 

nature  of  rood-i«n.^lroo  occur*  in  food  exclusively  In  organic  form,  awr  «!"• 
firmly  mn.^krd,  generally  in  combin.tlion  with  nucleo-proteins.  The  first  MlafllP* 
nucltM-jtr^itcin  v/:t»  prepared  by  Bunge.  iKHj.  from  egg-yolk  and  named  HmuIi^ 
Zaieski  alto  found  an  iron  nucleo-ptotein  in  the  liver.  This  was  later  faolatrdh'l'"'' 
fori  and  $chmicdebcrK<  1S04,  and  named  Perradn.  These  peoductc  are  pnAaWj*^ 
uniform  sulxtonccs,  since  they  contain  varying  proponioa*  of  Iroo  (Salkwrm,  rty- 
Schmiedeberg  sod  Marfori  also  prepared  wlwt  they  cooudered  an  AftUcW  V*"?^ 
hy  the  interaction  of  iron  and  alkaline  tgg-olbumin.  It  hat  been  siMWa,  bowWy 
Ibis  bus  absolutely  no  relation  to  the  natural  substance,  being  dmfily  a  '■l^''*^ 
•Ibuminnlc  (Dc  Grool,  1895;  Dattistini,  1895).  While  true  ferratin  b  not  aRiCM*f 
diffniiun.  tlteuttit'idsl  Is  converted  Into  ferric  cliloiM.  It  has  therefore  no  »d*aW 
over  the  ordinary  mild  iron  salts.  , 

Hmtwlobin  holds  the  iron  much  mote  firmly  than  moct  olhei  coinpouodk   1'' 
tonvwtta  into  hcmntln  in  the  Momnch  (Rep,  Counc.  Pharm.  Cbem-,  1911;  t^l-  'J 
further  fate  is  not  known,  but  at  leant  a  part  of  its  iron  is  evidently  afaaoibed. mj**, 
sdminifttiaiion  can  Miibfy  the  iron  requiFemenis  of  the  body.    It  nas  noMriNill^l 
pculic  advaataite. 

Outline  of  the  Iron  Controversy. — Even  the  ancieniit  enployfd iw"* 
the  treatment  of  anctnis;  drinktnf;  water  in  which  sword'*  Una  lieeBiHo"* 
to  rust.  Perhaps  they  were  led  to  do  so  by  an  obscure  ide»  '^''Jt 
strength  of  ihc  steel  would  in  some  wav  pass  inlo  the  patient  W» 
the  di.scovery  of  the  presence  of  iron  in  the  blood  (Klcnghinis,  174*)- J* 
therapeutic  lesults  seemed  to  be  ea-iily  explained  on  the  asstunpwi  ™' 
the  iron  is  absorbed  and  converted  into  blood,  much  as  the  nitrogen  of  («» 
is  converted  into  muscle.  The  earlier  experiments,  howcvw,  UIW '» 
show  any  absorplion  of  the  medicinal  iron  preparations.  This  led  •<•' 
writers  to  consider  the  clinical  results  obtained  with  iron  uUnRlyiBUr' 
nary;  while  others  (especially  BunKc,  1885)  were  inclined  toaltmwtclbrt' 
10  the  local  actions  of  iron  in  the  alimentary  canal. 

There  could  never  be  any  question  as  to  the  absorption  ol  (ood-ii* 
for  the  hemoglobin  increa.ses  witli  the  growth  of  the  animal  Tbf  (»'' 
holds  true  for  certain  organic  irons,  and  Macallum  (1894)  ^  "^ 
(1896)  studied  thb  absorplion  by  microcbemic  methods.  The  atMOtp* 
tion  of  inorganic  iron  was  also  proven,  but  the  latter  result  wis  Pi"' 
cized,  the  objection  being  made  that  the  iron  had  produced  cono** 
This  was  finally  withdrawn,  but   it  was  now  claimed  that  iaotp^ 
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iron,  wfiflc  it  Is  absorbed,  can  not  be  converted  into  hemoglobin  (Abder- 
halden,  1859;  HoiTraann.  1900I;  but  that  it  is  nevcrthdcss  beneficial 
in  anemia,  by  stimulating  the  blood-producing  organs  to  a  better  use  of 
the  organic  irons.  This  objection  was  also  found  untenable  ami  aban- 
doned (Abdcrhatden.  1906).  It  appears  therefore  that  inorganic  iron 
is  absorbed,  assimilated  and  converted  into  hemoglobin,  precisely  like 
food-iron. 

Tlie  long  (tsislunei;  lo  theacctptanco  uf  lliis(.T[ilanatl()n  wasduclargely  tothefnr.t 
that  Ihe  conversion  of  iron  into  hvnio)(lobin  would  have  ln-tn  an  unique  instance  of  the 
synthesis,  in  the  animal  organism,  of  a  prtilein  fratn  an  inorgunjc  cnmpound.  It  is  now 
probabk-  that  the  phosphorus  of  nuclco- protein,  and  prubnGly  other  proteins,  may  also 
tie  derived  from  inor^nic  sources. 

However,  even  without  prejudice,  the  problems  of  iron  metabolism  presented  some 

Kuli:ir  diUcullies,  which  could  be  only  gradiiully  overcome  (critical  blbliugrapby, 
L*h  Meyer,  loofi). 

Evidence  from  Emrets. — If  one  wishes  to  show  the  absorption  of  nitrogen  or  or 
chlorids.  it  suffices  to  estimate  the  quantity  of  ihrsc  substances  in  the  food,  aad  in  the 
foocs  nnd  urine.     The  some  method  was  applied  to  iron.     The  risulls  seemed  to  show 

,t  alHolutely  no  absorption  occurs,  for  the  iron  nf  the  fccc;  approximates  that  of  the 

d  (Kletzinsky,  1S54)  und  ihe  iron  in  the  utine  Is  nut  ut  all  increased.  It  was  soon 
lown,  howei-cr,  that  the  inleitines  are  the  [irincipa!  channel  tor  the  cierction  of  the 
iron;  for  the  feces  contained  tlili  luctal  even  in  stCLrvallon;  nnd  when  iron  was  injected 
subculaneously  very  much  more  was  vxcreled  by  the  feces  than  by  the  urine.  It  was 
therefore  e\-idcnl!y  tmp<»sible  to  decide  whether  Ihe  (ecnl  iron  wii.i  unabsotbcd  or  ei- 
creted.  Absorption  could  be  proven,  by  this  method,  only  if  it  predominated  greatly 
over  the  excretion.  The  estimation  of  the  iron  in  the  bile  and  in  the  IntestiniQ  juice 
gave  similarly  inconclusive  results. 

Iron  Excretion  by  Urine. — Thie  nlwnys  contains  traces  of  iron  (in  man,  normally  i  to 
a  mg.  daily),  partly  in  rather  loose,  partly  in  very  (jrra  C'lmblnBlions  (Wolter,  igio). 
There  is  pr«cliaJly  no  increase  if  iron  is  nd ministered  by  mouth  (E.  W.  Hambtirger, 
1878;  Kobcrl,  tSgi),  even  when  organic  iron  Is  continued  for  weeks  (Gottlieb,  i8qo]- 
Nor  is  there  any  increase  on  intravenous  injection  ot  ftrralin  (Cloetta,  tgoo).  Some 
incrcsM  occurs  in  fever,  nephritis,  hepntic  disease,  leucentia,  nnd  cspcdnlly  in  diabeles. 
This  indicates  that  the  iron  of  the  urine  comes  from  ti.^ue  dentructiua,  and  Dot  from  the 
iron  of  the  food  or  druijs  (Tartakowsky,  1904). 

Intestinal  Excretion.— The  iron  leaves  the  body  mnlnlv  by  the  fccct.  Thia  Is  trae 
For  starvali'jn  (Bidder  and  Schmidt.  i!^5i;  F.  Mueller),  and  for  the  normal  iron  income; 
or  «hen  iron  h  adminiaiered  orally,  hypodermicilly  or  intr.\vcnously.  However,  the 
total  cicrelion  ot  the  injcttci!  iron  requires  several  weeks  (Gottlieb,  1S91).  It  was  i\l 
,fc»l  ii'isumed  ihsl  the  excretion  occurred  mainly  by  the  Bik,  but  actual  utnervulion 
^owed  that  ihe  quantity  of  iron  in  the  bile  is  small  {mean,  about  40  mg.  per  liter);  and 
that  it  is  not  increased  bv  the  administration  of  iron  (E.  W.  Hamburger,  itlMo;  ,\nsclni, 
iSgj).  The  iron  must  therefore  be  excreted  through  the  trdrittnat  f.pitkrUum.  This 
U  confirmed  directly  by  fistula  ei[icriments.  in  which  the  access  ot  food  to  isolated  pnttj 
of  Ihe  inleilinc  is  prevented  (Kolwrt;  Gottlieb,  iStji;  llonigmann,  iSgO),  These  show 
that  the  exctelion  occurs  mainly  in  llielargeintestinc;lhcc.\creti;diroohiiinK  very  firmly 
combined,  so  that  it  ijives  Ihe  iron  reactions  only  after  incineration  (Tartakowsky). 
In  rabbits,  after  hypadcrmic  or  pcriloncal  injection  of  iron  salts  or  heni«g:lobin,  fne 
min  excretion  is  Iliroujih  the  epithelium  of  the  upper  duodenum  (Chevalher,  1914]. 
As  with  metala  in  j-eneral.  the  excretion  is  a  slow  process;  requiring  several  weeks  for  the 
coniplete  elimination  of  a  hvpodciniic  injcclion  'Gollllcb). 

Chemic  Evidence  of  Absorption  in  Small  Intestine. — A  fistula  in  the  lower  ileum 
would  separate  fairly  sharply  the  place  of  Ihe  principal  alisorption,  the  small  Intestine, 
from  the  principal  excretion,  the  large  intestine.  Honigmann.  189(1,  found  in  this  way 
that  about  So  per  cent,  otcit rated  iron  was  absorbed  in  tlic  small  intestine.  Robe.  10 ti. 
by  using  fistula  dois,  found  that  the  pcatesi  absorption  of  saccha rated  Iron  occurs  In 
the  duodenum,  the  lower  portions  playing  o  priigrcstively  smaller  rfllc. 

Iron  Content  of  Orgsjis. — Changes  in  the  iron  content  of  individual  organs,  or  of 
the  entire  body,  also  Kivc  c\'idence  of  the  ab5c)rption  of  iron.  We  have  wen  ihnt  injected 
frwH  is  excreted  slowly;  and  must  therefore  be  temporarily  stottd  In  the  body.  Jaccibj, 
■8S7  and  iSijo,  found  that  iron  preparations,  injected  into  a  vein,  had  disappeared  from 
the  blood  in  two  to  three  hourt.  .\X  this  lime,  iinly  (o  per  ccul.  had  passed  into  the 
excreta;  about  50  per  cent,  wasdrposilcd  in  the  liver,  and  the  remainder  in  other  organs 
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{tpl««n,  kidney,  Intailocs).  Thr  Uatr  h  hIm  norraslly  vro'  rich  In  !rw  (ihi 
likewi>«  a(  imainU  whtdi  do  not  form  hemoglobin — nioUuso,  crty^iliTi'^'o-'Uj, 
The  Uv«T  iron  dccrcMct  vnth  iron-poor  food,  m  when  tfacrc  arc  extra  dctnanibhilnB, 
n  in  (MtsDuicy  or  nlttr  hcmorrluwe.  Tlic  Iron  coatcnt  o(  the  liver  nay  iWbtHtai 
»  an  inaes  of  the  iron  »lock  of  tnc  body,  and  therefore  of  abtoiptMii.  Wllb  Mil 
atdmak,  the  Iron  content  of  the  fHiirr  body  cnn  be  estlmatML 

Sncc  the  animftb  muat  be  killed  to  esiiraale  Ihe  iron.  eoDtrol  eipctinaMi  neiK- 
caMiy.  Th«M would beimpoulhlclf the animaUnYTcc)>oKnatraBdoB),fortlMiiMd- 
ml  mffetecnn  of  Iron  content  are  oficn  tirniicr  than  the  quantitici  wUch  catf  bt 
absorbed.  Bungc  found,  however,  that  (he  t>'°P"'''<"i  *^  i^o  ■■>  ncv-boranuuhii 
\Yry  high  (IncrcuHng  very  rapidly  in  the  \»,fX  ihrcc  moDlht  of  fcUl  lift;  HilIOMan 
iSgrj);  ikiid  ihiit  it  dccreusn  steadily  during  the  |]criodof  lactation  (becauMi^KllTcnr 
poor  in  iron)  untilit  hiurcuchcdaiirncliciilly-constnntqunnlily — about  the IcmMnUi 
dji^'  in  Kuincn  piR^or  tahbils,  and  the  twenty- third  or  tn>mly-(ourth  day  !ade|i.  Ik 
animals  of  the  same  littrr  cAD  therefore  be  used  for  controli,  soioe  bcins  fed,  at  ikttd 
of  the  lactation  period,  with  iron-poor  food,  other*  with  the  «Ainc  food  to  «bkb  ikabM 
pfcpaiAiion  i»  added.  Rice  and  milk,  which  contain  a  very  small  proportioB d im, 
are  commonly  employed.  Thcanimali  which  do  not  rccdt-e  the  iron  tlinvcvci7f«(lr> 
remaining  (mall  and  emaciated.  Tbnsc  which  roceiveiro«,in  any  form,  ibewniMB- 
taksbie  increase  in  the  total  iron  content  of  the  body,  especially  oi  the  Liver,  ifinari 
bon«-inarrow  (HaJl,  18^4;  Kunkel,  iSqs:  Oerum.  1906). 

Abderholden,  t^oo,  and  Hacuurrmnan,  1X97,  objected  to  Ihe  erpcttnuMlctBd. 
that  he  iMcd  corrosive  doftca  oi  the  imirKanic  preparations,  as  was  necMsary  vtttauO 
animals  to  obtain  dllTorCDCCS  beyond  the  ci|)erimental  error.  Kunkel.  honwM.*" 
worked  also  with  dogi,  had  tued  tbcmpcutic  doncK.  ThnceiperinenUthecbRin** 
that  iHorjaaic,  oj  vidl  or  t-rtamU  ir«u  can  bt  abtariti and  itpatiied  i-  tkt  Ihir wdtt" 
argant, 

Mlcrocheniic  ETidence. — Important  information  vw  obtained  by  applyinf  tb  eilv 
reactions  for  iron  dirccllv  to  the  tissues.  Tlic  mocroacopic  cxanlnalioe  of  tUAt^ 
of  stain  itivcs  u  xenuriit  \iitn  of  the  quantitative  distribution  of  the  iran,  the  drttOiM^ 
revealed  by  microMOinc  Mudy.  Since,  however,  the  iron  commuiubaic  apt  (sdiMNt 
in  the  fixing  solutions,  many  of  the  earlier  ciiictinientsitavcfalUclauatCilllta.  Tbtto< 
method  consists  in  hmenlng  the  tiwues  in  alcoholic  ammonium  nitpihid  and  uamW 
the  ferrous  sulphid  into  the  more  stable  Berlin  blue,  by  treatment  with  peuwclm^ 
cyanid  and  dilute  hydrochloric  acid.  Only  the  inorganic  and  the  looadr  tunHw* 
organic  Iron  i*  rcveaJed.  The  experiments  are  mode  nn  animals  with  dnototiA 
or  f«d  on  iron,  for  varvinR  periods.  Tlie  method  is  of  value  MpeciaUy  (oe  Avaiof  Ai 
place  and  manner  of  absoiptlon,  and  (be  courw  of  iron  through  the  system. 

Course  elAbaorptioit. — Mocolluro,  1804;  Quincke,  and  HochhaiM,  iSptiudAHB- 
haldcn,  1906,  after  the  administration  of  Uon  prcpanXkina,  found  the  twtkatfviml 
sironn  Id  the  epithelial  crils  of  the  duadentim.  The  rtsulta  below  the  duodtMB  *■" 
inconstant,  depending  upon  the  quantity  administered.  Tbe  fostrk  tpilkkiwB  ^ 
DO  reaction. 

The  targt  iMfettiues  show  a  difluacd  iron  reaction  of  the  epithelitim,  aad  fnadtfl* 
the  submucous  leucocytes.  It  was  genernlty  assumed  that  this  ma  «u  In  tbt  nM* 
of  excretion.  However,  Tartakowsky  found  (bat  tbe  large  Inteatfaw  show*  ••  ■Mf' 
mcllun  in  starvation  or  with  iron-^r  food,  although  (he  chcmk  examlntliM <iv 
Ln(es(inal  con(ents  proves  the  continued  excretion  m  fixed  iron.  It  would  (hcfdv 
teem  that  ihc  excreted  iron  is  too  firmly  combined  to  give  (he  sulphid  reKtlM;aidiW 
the  sulphid  reaction  of  the  laiKc  intestine  is  also  due  to  broa  In  the  course  of  abMrpi» 
However,  the  amount  absorbed  here  must  be  small. 

The  absotpUon  of  iron  must  therefore  take  platt  mainly  ikrimtk  iJt  tdlt  f^*"^ 
tfexHM.     This  differs  from  other  metab,  which  are  ab«orbcd  httm*m  the  cdb  llw^J' 

r),  The  iron  reaction  is  CMenlially  identical,  whether organicoeiaonaniciMikM 
e  food-iron  docs  not  give  the  sutphld  renctinn,  even  in  the  iatcst jnal rnowMi''' 
must  be  briikcn  down  into  ionic  iron  uilhin  the  epJtheliiun.  This  do»  nu4  nclsJtB* 
pesiibility  that  a  pott  of  the  organic  iron  may  be  absorbed  unchanged;  for  tlu  m** 
not  be  rcvcnlctl  by  Ihc  miciochrmic  reaction. 

Fnitber  Cours«  of  tha  Abwubed  Inn.— The  irov  reaction  is  also  seen  in  tb  W* 
of  the  duodenal  vilUi  in  the  central  lacteal,  and  sometimes  in  (he  nescalerk Jt'T 

; hinds,  partly  dissolved  in  the  lymph  plasma,  often  as  granules  ia  the  lymph  vkv"^ 
lerrocytet)  (Quincke;  Gaule;  AUterholdcn).  tianle,  1896,  also  found  diat  \im* 
Bunfatntion  does  not  increase  the  iron  content  of  the  iplccn,  if  the  jvintih  h  IWfjfl 
from  reaching  the  drcniation,  by  a  fistula  uf  Ihe  thonric  ducL  "nan  obstfWl* 
would  indicate  that  the  iron  reaches  the  blood  throucb  tbe  lymph.  F>ints-U«"' 
obtained  just  the  opposite  results:  The  lymph  of  the  tWack:  duct  coalaiwil  as  Wi 
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and  the  fistula  did  act  prevent  the  nccuniulaiiun  uf  Iran  in  tlie  organs.  The  diilereiice 
i;  perhaijs  explaint'd  by  the  dosa^t:  Gaule  worked  wiili  large  doses  and  his  histologic 
TCftulis  ft[  least  could  be  referred  lo  cotrasiun ;  while  Mueller  used  smaller  tloses,  U  is 
Uiertlore  probable  that  the  iron  norniiilly  passes  directly  into  the  intestinal  capilUrien. 
It  is  then  ramdiy  depnsitcd  in  the  organs. 

Reserve  Stock  01  IroiL — AiuuihIs  on  no  ordinary  diet  lay  up  a  cousideruble  rcicrve 
stock  of  iron,  as  loose  protein  compounds,  especially  in  the  liver  and  spleen.  This 
reserve  disappears  ("aaidemsis"  of  Quincke)  gradually  when  ft  diet  poor  in  iron  is  given, 
or  when  there  is  an  eilraordiDary  use  of  iron,  as  after  hemorrhages,  or  during  pregnancy 
(when  considerable  iron  is  transferred  to  the  fetus).  In  acute  hemolytic  anemia  of 
Tsbbils,  the  reserve  iron  largely  disapijears,  especially  from  the  liver  ctlls,  when  the  blood 
ii  regenerated.  Small  amounls  are  still  present  in  the  rndolhelium  of  the  hepatic 
capillaries,  in  the  spleen  And  in  the  renal  corlcic  (Mnir  and  Dunn,  1915).  The  deposits 
increase,  on  the  mher  haiiid.  when  the  iron  of  the  food  is  increased. 

Relation  of  Spleen  to  iron  Metabolism, — The  conitaul  occurring  o(  loosely  bound 
iron  granules  in  the  spleen,  varying  in  quantity  uith  the  iron  income  and  blood  dcslruc- 
lion,  shows  that  it  is  one  of  the  important  depots  for  reserve  iron  (L'hevallier,  1Q14)- 
Evcn  animals  fed  on  iron-free  food  from  birth,  and  whose  liver  is  free  from  re5er^*e  iron, 
contain  some  in  the  spleen  (Schmidt,  IQI^J-  However,  this  function  is  shared  by  many 
other  organs,  so  that  s|iIenectomy  does  not  entail  any  constant  or  important  changes 
in  normal  iron  melabolism  (.\ustinnnd  I'earce,  1914).  When  the  iron  income  is  in  ade- 
c|unte,  the  loss  of  the  spleen  m.iy  pcrhnps  lead  to  a  less  effective  retention  of  iron,  as  is 
believed  by  Asher  and  his  pupils,  1909  and  1911.  Uu  the  other  hand,  the  spleen  has 
real,  if  not  very  conspicuous  effects  on  the  red  blood  corpuscles. 

E0ects  of  Sftenrrtamy.—'Theite  have  been  investigated  especially  by  Pcarce  and  puptlSi 
191 1  to  1915.  They  lind  that  eicision  of  the  splreo  from  normal  dogs  is  followed  by 
moderate  ancmio,  with  very  slow  recovery.  The  decrease  is  greater  for  the  hemoglobin 
than  for  the  blood  count.  The  mechanism  of  this  ancmi.^  is  not  clear.  Siib>er[ucnily, 
>s  the  iincraia  recovers,  the  red  cells  become  abnormiilly  resistant  to  hemolytic  agents 
and  the  t.ilty  bone-ninrtoiv  l>rcomes  cellular.  The  cells  of  the  lymph  nodes  and  perhaps 
of  the  liver  show  a  compensatory  increase  of  phagocytic  function  toward  the  red  cells. 

Injection  v/  SpUen  Exiracti. — Intraperitoneal  injection  produces  for  one  or  two  days 
B  djstjact  increase  of  hemoglobin  and  corpuscles  in  normal,  not  in  splenectomixed  ani- 
mals, appatcnlly  by  slimulaling  the  bone-marrow.  t'ecdiDg  of  spleen  is  inefiective 
(Knunbhaar  and  Musscr.  1914). 

Splenic  eitract  has  no  hemolytic  action  in  viiro;  nor  docs  the  blood  of  the  splenic 
vein  contain  more  free  hemoglobin  than  the  splenic  artery  {ibiit}. 

Assimilation  of  Iron.^lt  would  be  quite  conceivable  that  the  absorbed  iron,  particu- 
larly the  inorganic  preparallont,,  were  of  as  little  use  to  the  organism  as  the  poTticlcsof 
•olid  csxboQ  which  are  absorbed  by  the  lungs.  It  had  to  be  shown  therefore  th»t  (he 
iron  can  be  actunlly  assimilated  and  converted  into  hemoglobin.  This  could  notba 
done  on  normal  animals,  because  the  normal  income  nf  iron  is  amply  sufficient  for  all  the 
needs  of  the  organism;  an  excess  has  no  effect  whatever  on  thchenjoglobin.  The  animals 
must  be  reduced  to  a  condition  in  which  the  needs  exceed  the  ordinary  income.  In 
young  and  actively  growing  animals,  this  may  be  secured  by  a  diet  poor  in  iron  imilk  and 
rice).  This  produces  a  progressive  faliof  the  percentage  of  hemoglobin,  and  the  animals 
become  emaciated  and  do  not  develop.  As  soon  as  iron,  in  any  forio,  is  added 
to  the  diet,  the  animals  recover  very  rapidly  (IlO^lin,  1M90;  Cloctta;  Tartakow»ky; 
Abderhaldcn).  It  must  therefore  be  concluded  lliat  all  Jarntf  of  iron  can  be  assitni- 
laU4.  The  same  result  is  obtained  with  adult  animals.  These  can  nol  be  ren- 
dered markedly  anemic  by  an  iron-poor  diet;  by  drawing  on  their  reserve  stock,  and 
po»ibly  utiHziu^  the  iron  several  times,  they  can  keep  up  an  dlmo^t  normal  percentage 
of  hemoglobin  for  a.  considerable  period.  They  can,  however,  be  rendered  anemic 
by  hemi'ThiiKC.  Even  a  rather  severe  single  hemorrhage  13  rapidly  recovered  from  on 
a  milk  and  rice  diet;  but  this  is  hastened  by  the  ud  mi  nisi  rat  ion  of  organic  ur  inorganic 
iniD  (Kger;  Mueller,  igoo).  When  several  hcmorrh.igcs  have  been  ma<le  and  the  iron 
reserve  liss  become  cxnsusted  recovery  occurs  only  when  iron  (in  any  form)  b  added  lo 
this  diet.     (Kunkel,  1895;  T^takowsky,  1903  and  1004). 

Abderhaldcn  at  first  contended  that  even  these  eicpcrimcnts  did  cot  prove  theassimi* 
lalion  of  inorganic  iron:  He  concluded  from  his  diita  that  the  undernourished  animals 
did  not  improve  tis  rapidly  by  the  simple  addition  of  inorganic  iron,  as  did  the  animals 
vhich  were  pl.iced  on  a  normal  (iron-cunlaining)  diet  plus  inorgnnie  iron;  but  that 
the  improvement  was  more  rapid  on  a  full  diet  plus  inorganic  iron  than  on  a  full  diet 
alone  He  interpreted  ihctcobicrvalionK  to  the  effect  that  inorganic  iron  was  not  assimi- 
lated as  such,  but  that  It  increased  the  assimilation  of  organic  if  on,  perhaps  by  sttmulal- 
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inK  ihr  bone  natter.    Jaquct,  hnvwer,  pointed  out  tlut  tbe  lk>wv  i 
when  the  iron  was  uilrlrd  w  Ibr  miricird  diet,  would  be  cxplaliwd  by  llwlamf 
(-anient  of  Ma  diet;  and  Turtiikowslcy  ihowtd  that  ina«]^mc  iron  kddcdfoiiA 
in  iran  ilon  not  hulcn  Ihc  Imprnvcaient.  at  it  fhouli)  If  jl  Rliiaulatcd  tb*  boBtutiTw. 
Abd«rhatden  smns  to  huvc  ulthdrawD  nit  objection. 

Changes  in  Bon«-mtiTaw. — Wbcniroiii*ndnuniM(TcdinaDemik,  ihetDartwdMll- 
le^  slioivii  t:r(-uti:r  aclivlty.  mor«  nuclear  erythrocytes  and  milotk  edit;  bat  tbkb  ik 
natuint  accompaniment  oC  the  increaiw  of  hemoglobin.  TheotMervattooofScbadadL 
lytj.  with  iron  ndminitiration  in  human  nnemin.  that  ibc  incTcsw  cf  ttyikfwjto 
considerably  prpc«dc«  the  increow  of  hemoelobln.  Is  also  do  convindnc  pnot  «<  oki 
bonc-mairowrtliniulation,  until  we  know  more  about  tbeDDnnalaadpatiiMaKkl^W'' 
of  blood  rffCeneration. 

A.  B.  Macallum.  i8go,  found  in  (roits  that  the  hemo^bln  arisM  tnxn  tbe  tmifoM- 
tion  of  the  iron-conlaininic  nuclear  cbiomatln  ot  the  hem&tobUiita. 

Dliasumtlatioa  of  Imi. — A  port  of  the  tctave  iron  i*  doubtlcM  ilcrtrcd  (na  lit 
dMiru(tii>ii  u(  thv  red  eorpusclc*  and  their  hcmofflobbi;  for  the  1d)(<c1io«i  of  bt»|Wi 
or  hemstin  increases  marLedl<^  the  Iron  content  of  the  liver,  tpleen  aad  nanM.  th 
traotform-iiiormfhemoslobiiiinlo  the  lew  firmly  ma«kediroB  may  be  «e«a  to  utaw 
tloR»  of  bt<^K)d.  and  lakes  place  there  (n  cradual  siajtea.  71w  ttnpoaiiUliUr  ef  !•» 
ducing  Hk-crc  anemiii  in  adult  animali  by  limiting  the  iron  of  tlie  lood,  iowtfttlkl 
Ihe  itcn-ilack  may  be  aitd  srveral  timet.  But  •  portion  It  uadoubtcdly  lest  if  lltiKn 
and  urine, 

Fale  0/  llfmofhtin.—U  f roe  hemoKlobln  occun  in  tbe  plasma,  u  a  »dt  ef  ■•)>(<'<■> 
or  hemolysin,  tit  eonceDtniliont  above  about  0.1 »  per  cent,  tbe  csccai  la  nuUv  watt 
through  tlie  kidney  anil  produces  hemoKlobinuria.  A  part,  bowcver,  <»d  vUkbM 
concentrations  all  of  the  di«ioIv«d  bemoglobin  is  token  up  and  desiro^wd  by  ibl  i^ 

Silccn.  kidney,  etc.  In  the  liver,  the  hemoglobin  n  converted  Into  bAc-pigBtaL  R 
ic  amount  o(  (hi^eireedt  tbe  excretory  capacity  oi  the  bSe,  It  NSidts  ill  IcttrofPMfi 
Austin  and  Eisenbrey,  iqii). 

With  bemolyi^U  Ro  severe  as  to  destroy  nearly  balf  of  ibe  blood  En  thrae  da)v  Mat 
and  Dunn.  1915,  found  nearly  all  of  tfaelroa  of  tbe  destroyed  benoclobiodmHlMiit'* 
lirer,  tpleen  and  kidneys.  A  tbird  of  tbe  total  iron  ot  the  Uood  may  be  thai  itvatd 
io  tw«nly-fc>ur  houi^ 

Local  Actions  on  Alimcntair  CmuJ. — These  were  adraaoetl  la  o^jtoiuiiea  d  !)■ 
therapeutic  cSccd  irhen  tbe  UMimilatioD  of  inor^puiic  iron  prepontioM  <na  Mfl  i* 
doubt.  The  innrssnic  aalt*  of  iroD  prodticc  an  astringent  effect,  which  taayeeaanttf 
support  their  other  actions,  by  Improvfnff  diflestion.  (Koberl,  iSSi).  TlKrtlsitnP 
daager,  however,  that  Ihc  useful  action  piuso  into  iiritation,  and,  in  fact,  irao  o^ 
dipstlvc  disturbance  (e^'pcciatly  ronslipation)  more  often  than  ioi^roveDMnl.        ,^^ 

It  wai  also  luiomted  ihnC  the  inor^nic  iron  protected  ononic  trod  Ofoint  f(«4^ 
tadoD  by  lulpiidiio  the  inlcitine«.  This  would,  of  coiinc,  be  superflmiaa,iiKefi*^ 
iron  Is  not  precif^tatcd  by  sulpbJds.  Accordlocly,  Stockman,  tS^j,  Fonad  tfatlM 
produced  its  therapeutic  effect  ctco  when  it  was  odminiitercd  as  tbe  sulpliid.  QilJ' 
other  hand,  other  metals  which  Wnd  H>S  with  avidity  (f.i..  bismuth),  are  ntbil)' ^ 
effective  in  chlorosis. 

BSMts  OB  0«netal  Hutrition. — While  theic  are  doabtlnts  mainly  the  inJhwttw* 
of  tbe  incrcHM  of  bdnoelobin,  it  tnu(.t  not  be  overlooked  thai  iron  fortas  a  ooMlHf' 
of  all  cells,  and  Mmcul  tlirflecl*  mny  be  direct;  but  its  fmiwrtaDce  in  llilliiMiMrlliti" 
difficult  to  citimjle.  The  majurity  of  or^nium  require  same  iron,  even  tllMe*Ml 
do  nut  form  hemoglobin.  (Tlie  blood  of  soom  imrrttbrate  aiiimiU  contalu  cafV**" 
manitannc  in  plutc  ii(  iron). 

Therapeutic  Use  in  Aneo^s.— The  adminlstraiion  of  trao  wmiM  br 
useful  in  nil  conditions  in  which  the  need  for  iron  exceetls  its  tnctBC 
conrlitiona  which  arc  charactcriiuKl  by  a  law  percentage  of  benogUK*' 
and  by  the  gcnorHl  clinical  picttire  ot  anemia. 

The  plainest  indication  for  iron  b  furnished  by  the  aoemla  ptO'li'^ 
by  sevczc  or  repeated  hernvrrliage.  In/antile  anemiat  tat  otUa  tW*!*! 
to  a  dcticicnl  iron  content  of  the  food,  and  wottld  be  neatly  beo^'f!' 
by  iron.  Some  casc^  of  >impte  ancmia.i  in  adults  may  tHo  be  dot  n^ 
cause.  It  is  (xynccivablc  thai  deficiencies  in  the  iron  income  are  rooffftci 
in  the  etiology  of  riclLets  and  the  oUier  nutritive  disouca  of  infia^ 
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/rwM  Content  of  Stilk, — Anemia  Is  ivry  apl  to  occur  If  the  iniiLDt  b  kept  too  Ions  ob 
U  ncluu^'c  milk  did.  It  may  also  be  favored  by  on  inferior  quality  of  milk:  ivhElc 
poraMl  human  milk  contains  j.j  lo  j.t  mg.  of  !roa  per  liter  (mcuD ';  mi;.],  that  of 
Unlicalihy  moU)cr«  U  poorer  in  iron;  and  artificial  infant  foodi  seneraliy  contnin  only 
|i-t  to  1-6  mi!.    Cow's  milk  b«%'cn  poorer  in  Iron  than  URRneraUyDcllcvca.    It  conlHlns 

K1.4  to  0.7  oig.,  mmn  0.5  mg.  per  Ulcr;  the  hlehcr  fi(;urFs  of  older  deteiminulions  nvre  due 
o  conianunatlon  from  metallic  containers  [Eddi.Td&  and  CKnnkii.  1911. 
f  Peraidaus  Aiumia. — Iron  Is  uielcM  In  ihoK  cases  of  anemia  la  vhJch  there  is  no 
[deficiency  in  the  income  or  *tore  of  Iron;  but  in  which  the  fault  concerns  the  formation 
'  r  dcsuuctlon  of  the  corpuscies.  In  pemidouK  aocRiia,  a  mo»l  severe  dcstiucllon  ol  ibe 
irposdes  (probably  throueh  an  unknown  hemolytic  ajtent)  Is  accompanied  by  a  very 
lUiderablcincrcaMof  the  reserve  iron  of  the  liver  and  spleen  (Rumpf,  loot)  and  nf  the 
uoived  Iran  of  the  spleen  (Erbm,  1900).  The  urinnry  excretion  of  iron  rcmsins 
jnormal  (Queclcenstedl.  iqij)-  Clinical  «:ipcricncc  has  cunfinned  that  the  odminislra- 
lioa  of  iron  is  iis;1cm  in  this  condition. 

,  Mofit  tnstanccsof  anemia,  and  especially  f^oroiij.  can  not  be  attributed 
idir«ctly  to  deficient  iron  income;  but  nevertheless,  the  administration  ot 
ikon  often  secures  brilliant  results.  It  must  therefore  be  Mipi>osed  that 
conditions  exist  io  these  diseases,  which  demand  an  extruordJnary  income 
to  keep  the  hemoglobin  normal. 

in  Cklotosh. — A  compk-ie  explanation  of  the  action  of  iron  in 
can  be  furniiihed  only  when  the  pathology  is  understood.  This 
the  case  at  iire^enl;  little  is  known  beyond  the  fact  that  the  hemo- 
globin is  decreased  (l-'ddisch,  1833)  much  more  than  the  number  of  cor- 
Euscles  (several  authors,  1S42),  and  that  the  excretion  of  iron  by  the  urine 
nearly  nonnal.  Even  the  question,  whether  the  reserve  *lock  of  iron 
b  altered,  docs  not  seem  to  be  decided.  Digestive  disturbances  arc  often 
present,  but  they  may  be  secondary  or  accidental;  indeed,  they  disappear 
Bpontancousiy  with  the  iron  treatment. 

Our  knowledge  of  the  etiology  ia  equally  unsatisfactory.  It  has  in- 
deed been  shown  by  Stockmann  that  tnc  diet  of  chlorotic  girls  is  often 
very  poor  in  iron  (containing  2,8  to  3.1  mg.  per  day,  instead  of  the  normal, 
6  10  14  mg.)  But  thi«,  as  well  as  other  unhygienic  conditions,  can  be 
considered  only  as  contributory  factors,  since  many  persons  arc  subject 
to  these  conditions,  while  chlorosis  is  confined  to  females  about  the  age 
of  puberty.    There  is  no  evidence  of  defective  absorption  of  iron. 

The  Irtaimntt  is  much  more  successful  than  might  be  expected.  The  ad mini«t ration 
bJ  Iron  holds  the  lirst  place.  Thiji  should  be  iiupplciiieiited  by  proper  hyi,'iene — SfioA  a.\t, 
KSI,  suitable  diet,  Jlomaclucs,  attention  to  the  bowelit  (alocsj,  etc.  Aneaic,  phos< 
pboru*  or  mongannc  are  often  used  in  addition  to  the  iron:  it  is  dilhcult  to  judge  of 
Iheir  value. 

Administration. — Although  both  organic  and  inorganic  iron  are  ab- 
torbed  and  produce  therapeutic  etiecu,  the  ionized  iron  appears  lo  be 
ijnore  active  therapeutically,  for  reasons  not  fully  understood.  On  the 
other  hand,  inorganic^iron  preparations  are  more  apt  to  set  up  digestive 
dlsireas,  which  may  interfere  with  the  prolonged  administration  that  is 
ordinarily  needed.  In  such  cases,  tt  is  necessary  to  be^n  with  the  milder 
onanic  or  insoluble  preuarAtions;  and  lo  induce  a  tolerance  lo  ihc  local 
effects  by  progressing  slowly  to  the  stronger  compounds.  The  ferrous 
carbonate  can  be  given  to  most  patients  without  dilTiculty,  and  is  suffi- 
ciently effective.  The  most  suitable  form  and  dosage  are  governed  by 
|{ndividual  experience.  Therfdi/yioje  should  correspond  to  about  o.i  Cm. 
;of  iron.  This  would  l>e  contained  in  about  5  or  b  Blaud  pills,  but  would 
require  30  to  350  Gm.  of  the  ot^nic  preparations  (Morawitz,  1914). 

The  order  of  irrUalton  and  c^cUncy  is  about  aa  follows  (in  ascending 
IB 
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order):  food-iron;  other  organic  irons;  reduced  iron  (in  powder  oc pfllsh 
ferrous  carbonate  (saccharatcd;  Biaud's  pill);  the  double  "scak"  oll!^ 
ferrous  sulphate;  ferric  chlond. 

Reduced  iron  should  be  given  just  before  meals,  to  permit  Ibe  tohm 
action  of  the  e-tsiric  juice.  All  other  inor^^nic  iron  preparations  shouU 
be  taken  ju^t  alter  meals,  taking  care  to  protect  the  (ecth.  The  iocoapto- 
bilities  of  iron  must  be  remembered.  The  tendency  to  constipation  my 
be  met  by  aloes  or  other  laxalive^ 

Tbo  citrate  has  been  used  hypcdermitMlly,  t»  mg.  in  j  j  (olotlon  dally.    It  vcCdiU 
but  rather  punful.    Overdosn  cause  guiric  IrritatJoa. 


IRON   PREPARATIOSS 


m 


Only  the  most  important  pre|>anilions  need  to  be  studied.  It  Blj  be 
remembered  that  ferric  salts  have  a  reddish,  the  feirous  a  greenisk  toJot. 
The  most  important  incomfKttibiliUes  are:  alkalies,  salicylates,  pbdwL 

OrfoHM  Iriin  prcparatiens  had  x  brief  popularity  when  it  wiu  believed  tkatlmpiic 
prcp«rat!on«  were  nut  ab»»tl)ed.  The  modern  conceptions  have  caiutd  tlua  u  k 
pnuriically  abandoned,  ciccpt  in  *o  far  oi  iroo  food*  are  cmpbasiMd  in  thtfe  ^ 
anemia. 

PREPARATIONS — INSOLUBLE   RONS 

Ferrupt,  U.S.P.,  B.P.;  Iron.— Metallic  iron  in  the  [onn  of  fiiw,  bright,  tad  ■» 
riutic  vitt.    Used  only  for  preparing  the  salt*. 

'PerniM  ReiutlumlFtn.  Reiluctj,  U.S.P.:  Frrrnm  K^doitnm  <Ferr.  (Udut.!.  B?.; 
Reduced  Iron  (Iron  hy  Hydrosen;  Qucvenoc'i  Iron). — Iron  reduced  to  ib«  wt^ 
state  by  the  action  of  hydrogen  upon  tcrrJC  oM.  Very  fine,  grnyitb-blad,  halBM* 
(Hxrder,  without  odor  or  taste.  Dole,  o.d6  Gm.,  t  ft.,  U.S-P.;  0.06  to  0.3  Gk,  >  >*  I 
gr,,  B.P.,  as  powder. 

Ttofh.  Perr.  Kfdart.,  B.P.— 0.06  Cm.,  i  rt. 

'Pern  Carbonis  Sactkaralut  (Ferr.  Carb.  Soich.).  U.S.P.  (EM«l'Iuek«f).-C«w[» 
not  IcM  than  15  percent.  »f  FeCO,.  Mnde  hy  precipdtating  fcn«u*  tulphiM  w 
sodlura  Ucnrbonuic,  unil  ditullnjt  with  milk-tuicir.  A  KTtenbui.btawB  MKrovi  |M^ 
ally  becoming  oxidiwd  by  contact  with  air;  odorlras,  and  having  at  MM  •  »"Wi" 
afterward  tlishtly  ferruginous  ta«tc  Only  partially  »ol.  in  watcs'.  Aw,  ^'t 
Gm.,  4  xr.,  tj.S.P.,  suspended  bi  water. 

I'erroua  Carbonate  tends  to  give  off  COi  and  absorb  octnen,  chan^ng  "f'^lJft 
a  bacic  carbonate  and  finally  into  ferric  bydroiid.  The  cnanfic  tnay  be  reiiwwfc^ 
the  addition  of  Bugar,  as  in  pharmaceutic  forms;  but  thne  should  always  be  iinfin" 
a*  freshly  as  possible.  . 

*Ftrr.  Carb.  SattJi.,  B.P.— Not  less  tban  50  percent,  of  Ferrous  CarboaalctM"'**' 
by  Glucotc.    Dosr,  0.6  to  »  Cm.,  10  to  jo  )[r.,  H,P. 

Mill.  Prrr.  Co.,  B.P.  <Griffitb's  Mil  lure)  .—About  <>.;  percent,  of  FerMUiCtfto"" 
inauspeniion  in  Savored  water.  Mutt  be  frcsbl)'  prepared.  Itoie,  ij  10  joc^ht" 
I  ounce,  B.P, 

•lf«jM  ;'«rri  Cariwwrii  (Macs.  Ferr.  Carb.),  U.S.P.  (Vallefs  Masa).-A  p»«« 
with  not  leas  than  41.5  per  cent,  of  Fe(X)|.     Datt,a.3S  Gm.,4gr.,  U.S.F. 

'Fil.  Fnr.,  B.P.— Pfll-mass  with  3J.5  per  cent.  o(  FcCO..  />»«,  o.j  tatG^I 
to  IS  gr.,  B.P. 

*FiL  Ferr.  Corb.,  VS.V.  (Btaud's,  Chalybeate,  on  Femisbious  POW.— W«J  "*■ 
t  gr.,  al  FcCOi.  m^de  from  ferrous  lulphsle  and  pot.  carb.     DMt,  a  pBs,  VS.?- 

Contrary  to  the  prvvsllinjc  impreuion,  the  U.S.P.  Blaud'l  piUs  an  gdlB fUM'' *" 
preferable  to  the  proprietory  iubilitutc*  (Warren,  lots).  _,, 

Ftrri  Byiroridum  Ctti»  M^nfMi  Oxido  (Ferr.  H>'drox.  ram  Mag.  ChddJ.y-*^ 
(Arsenk  Antidote;  Fcrrk  H^tlriite  with  Klicnnia). — 40  c.c.  ol  Solutiua  e(  I'vK  a** 
phale  are  diluted  with  115  ex.  of  water.  This  is  added,  wben  needed,  to  to  C«  " 
Magnoium  Oxid  01  joo  ex.  of  Majnia  MuKnesia  diluted  vitb  saict  to  shsai  I^f^ 

Always  keep  the  diluted  solution  of  ferric  sulphate  and  BaaKMsia  nlxiux  m*^ 
in  scpjinie  boitles,  ready  for  imoiedistc  use,  so  that  this  antidote  to  ancnkal  paMof 
may  be  (juickly  preparvd. 

i)M«,  I »  c,c.,  4  ounca,  t7.S.P. 
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' PREPARATITOS^-COLlOroAl,   IRONS    AND  "sCALE   SALTS" 

Lig.  Frrri  Oi:ychloridi.-~:\  colloidal  solution  ol  ferric  hydroxid  in  ferric  chlorid; 
appro li ma tcly  FeCli  4-  8Fc[0Hji,  ci>ntaining  the  cquivaJcnt  of  almut  3.5  per  rent, 
of  metikllic  iron.     It  is  only  mildly  iLStringent,     Post,  0.5  to  2  cc,  8  to  30  minims. 

Liq.Ftrri  Dialysatus.  (Dialyscd  Iron)- — ^This  is  n  similar  solution  from  whith  tht 
excess  of  acid  and  chlorid  has  been  removed  by  diulysis.  It  has  the  same  iron  content 
And  is  less  stringent.    Don.  H  W  '  c-c-.  S  to  3*  minims, 

Lii/iuir  Frrri  el  Ammonii  AcetatU  (Liq.  Ferr.  ct  Ammon.  Acct.},  U.S.P.  (BMbtun** 
Miiturc). — The  average  dose.  15  c.c,  4  drams,  U.S. P.,  contains  0.6  e.c.  of  Tr.  Fer. 
Chlof.,  see.  of  l.iq.  Ammon.  Acel.,  .Acetic  Acid,  Kliiir.elc.     MutI  be  recently  prcaarcd. 

*Ferri  tt  Ammonii  Cilfas  (Ferr,  el  Ammon.  Cil.j,  U.S.P.  (Soluble  Ferric  Cllrftle, 
Ammunio-ferric  Citrate), — A  mixture  of  iron  cilraCe  and  ammonium  ciliulr  contaiuinjc 
■bout  1 7  per  cent,  of  Fe.  Thin,  transparent,  gnrncl-rcd  scales,  without  odor  and  having 
a  saline,  nu'ldl^  ferruginous  Listc;  deliquescent  in  moixt  air.  Kcadily  and  compleldy 
sol.  in  water;  insol.  in  ate.  Dose,  o.ij  Gm.,  4  gr.,  U.S.P.;  0.3  to  0.6  Cm.,  5  to  10  gr., 
B.P.,  in  solution. 

Vin.  Ferr.  Cil.,  B.P.^t.8  per  cent,  of  Ferr.  et  Ammon.  Cit.  Dost,  4  to  16  c.c. 
I  to  4  drams,  B,P. 

Fin.ferr,,  B.P. — Prepared  by  mnceratingiron  in  Sherry  Wine.  Contninslhcciiuiva- 
leot  of  0.1  IS  I00.3  per  cent,  of  Fe.     Dast,  4  lo  16  c.c,  i  to  4  drams,  B.P, 

Ferr^  et  Pat.  Tart.,  B.P.  (Ferrum  Tartaratum). — Garnet  scales.  Dost,  o.j  to  ou6 
Gm.,  s  to  10  gi.,  B.P. 

Ftrr.  et  Qinn.  Cit.,  U.S.P.,  B.P. — Contains  about  i».s  per  cent,  o(  quinine  and  ij-J 
per  cent,  of  Fe.     Dose,  0.15  Gm.,  4  gr..  U.S.P,;  0,5  to  o.G  Gm.,  5  to  togr,.  B.P. 

*Ferr.  Phos.,  U.S.P. — Ferric  phosphate,  mode  soluble  by  the  presence  of  Sod.  Cit.; 
corresponding  to  not  less  Ihan  11  per  cent,  of  Fc.     Bright  green  scales.     Freely  sol. 
in  water,  insol.  in  ale.     Dose,  0,^5  Gm.,  4  gr..  U.&P. 
(El.  Ferr.  Quini  ct  Strych.  Phosph.— See  Index.) 
<Syr,  For.  Phos,  ■:.  Qiiin.  et  Strych,— See  Indes,) 

PREPARATIONS— SOLUBLE   FEXKODS  SALTS 

Pit.  Per.  lod.,  U.S.P. — Each  pill  contains  Feli  corresponding  to  not  lets  than  0.04 
Gm.  of  ferrous  Fe.    Dose,  j  pills.  U.S.P.,  contain  about  o.(  Gm.  ofodin. 

*Syrupus  Ferri  Jodidi  (Syr.  Ferr.  lod.),  U.S.P. — j  per  cent,  of  ferrous  iodld,  Fcl,. 
Pale  green  acid  liouid  of  strong  iron  taste.  Vi^ry  susceptible  to  oxidation,  turning 
brownish.  It  combines  the  Ihcrnijeutic  properties  of  iron  and  iodids,  and  ii  ofieii 
prescribed  in  goiter  (i  drops,  twice  daily,  gradually  increased  lo  15  diop^  three  timrft 
daily;  Marine  and  Lenhart,  1911)  and  as  a  general  tonit  in  "scrofulous"  conditions. 
^iicra(c  dose,  1  c.c,  13  minim,  U.S.P.,  contains  aliout  ja  mg.,  0.85  gr.,  of  iodin. 

*5yr.  Frir.  I<td.,  B.P.^7  per  cent,  of  Fcl,.     Dose,  3  to  4  cr,,  t^  lo  i  dr»m,  B.P. 

Pnr.  Pko^ph.  Sa«li..  B.P.— 60  per  cent,  of  ferrous  phosphate.  l'ej(PO.),+BH,0, 
pre«erved  with  glucose.  Partially  sol.  in  water;  stil.  in  HCl.  Diise,  o.j  to  o.(»  Gm., 
5  la  10  gr.,  B.P. 

Syr.  Frrr.  Phosph.,  B.P. — 1.7  per  cent,  of  ferrous  phosphate.  Dose,  »  to  4  c.c, 
H  to  I  dram,  B.P. 

Frrri  Sulphas  (Ferr.  Sulph.),  U.S.P.,  B.P.;  Fcrroiis  Sulphate  (Green  Vitriol);  Iron 
Proto.sulphBle,  FeSOt  +  jHiO.^Lsrge,  pole  green  crystals;  odurlr«s,  saline  styptic 
taste;  effloresces  in  dry  air.  Freely  sol.  in  water  (1 11.4).  practically  insol.  in  ale.  Dost. 
0.1  Gm.,  ij-j  gr.,  U.S.P.;  0.06  too.j  Gm.,  1  to  j  gr.,  B.P. — The  crude  sail  iscmployed 
as  a  deodorizer  for  fecal  matter,  but  is  not  germiridal, 

Ferri  Sulplias  GrattHlalMi  (Ferr.  Sulph-  Gran.),  U.S.P, — 'Hie  preceding,  in  granulated 
form.     Dose,  0,1  Gra.,  iM  gr..  U.S.P. 

•Frm'Su/p/wjiitriccuItwd'rrr,  Sulph,  Exs.),  U.S.P.,  B. P.— So  per  cent,  of  anhydrous 
FeSO(,  1  part  being  equivalent  to  about  1.5  parts  ol  the  crystalline  Kill,  Gravish- 
white  powder;  astringent  taste.  Dose,  0,0(1  Gm.,  i  gr.,  U.S.P.;  o.Oj  to  o.i  Gm.,  >J  lo 
3  gr.,  B.P.;  in  pills,  often  with  aloe». 

Pil.  Alms  et  Ferr.,  B.P.— 10  iicr  cent,  ot  Ferr,  Sulph.  Ei*,;  10  per  cent,  of  Aloe*. 
Dose,  0.15  to  0.5  Gm.,  4  lo  H  gr.,  B.P. 

PREPAKATIONS — SOLIjBLK    FERRIC  SALTS 

fetr.  Chlor..  U.S.P.;  Ferric  Chlorid  (Iron  Perchlotid). — Contains  FeCli  equivalent 
lo  30  per  cent,  of  Fe.  Very  »ol.  in  water  (1  :o.j)  or  ale;  sol.  in  glyc.  />««,  0,06  Cm., 
I  ff.,  U.S.P. 
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Lia.  Ferr.  CUof.,  VS.P. — jo  per  cent,  or  FcClior  iopercefit.of  Fe.  Dmt,oJu' 
i}j  Hunimt.  U.S. P. 

Uqtvjf  Frrri  Perthloridi  Falit  (Litf.  Ftrr.  Perchlor.  Fori.),  B.P.     lopttceat.dft 

Liq,  Ferr.  Fruhl..  B.P. — j  pet  cent,  of  Te.     />oic,  0.3  to  i  c.Ch,  S  lo  is  wkm»,  BJ, 

*Tintlttta FtT,iaiUtidi(r^.V<tit.C\Aai.),VS.?.,Tr. F<rT.  P<TcU«f.,M.\lbeaK 
ot  Ferric  CUorid  (Tint lure  of  Iron). — Nearly  13  pec  cenLof  FtClfcorj  vaandh. 
Prepared  by  mixing  the  Liquor  irilh  Alcohol;  lbeU.S.P.  dirocit  li  to  stand  (krenHUtt 
before  uiins,  to  permit  the  formation  ol  ntcra.  A  bright  umlxr  addliiniid,a(rii(Ur 
ctlieTcal  odor  and  very  utringcnt  ta«te.  Mindble  with  w*tn  or  akolMl,  Am.  a; 
G.C.,  8  minims,  U.S.P.;  o.j  to  1  c.c,  5  to  15  mbinu.  B.P.,dilulrd.  Often  wcdattol 
astringent  in  tonsillitis  (equal  parti  of  the  tincture,  glycerin  and  wulcr). 

Liq.  Ferr.  SubsulfiA..  V.S.V.  (ManHrl'i  Solution;  Solution  of  Bauc  Fcnk  SulptOt)^ 
13.S  per  ccDt.  of  basic  ferric  sulphate.  Dwt,  o.t  c.c,  3  niniBOt,  U.SJ,  (MmI)i 
locallv,  01  styptic. 

liq.  Ftrr.PtTiulpi.,V. S.P.  (Solution  of  Ferric  Sulpha(e).—io.s  nwtaL J  firt 
Sulphate,  t'ct(SOt),. 

Liq.  Ferr.  PtrtulpH.,  B.P.;  Solution  o[  Ferric  Sulpbaie. 

/run  ICMybealf)  iliii<ral  H'o/iti.— Thcte  contain  Ibe  iron  nwrt  often  a*  M< 
bicaibonaie;  sometimes  m  sulphate.  oxi<l,  and  very  rarely  as  chloiid. 


MANGANESE 

Occurrenw.—Traces  of  manganoe  occur  Daturally  In  all  onan^  b  nan  lal  n^ 
animjlf .  iit  pcetcnrc  being  fitirly  constant  in  the  same  species  (Bcrtnnil  owL  Mt'iP'' 
cranii.  191 1).  'IV  umuunt  in  wheal,  for  inataticc.  b  ttboat  equal  (a  Uw  >wn,aiil» 
inJcpemlcnl  u(  the  amngancM  iierccnlageollhewtl  (Headdon,  igif).  IbrnniMM 
of  nnimaU  is  derived  partly  irom  vegetable,  but  mainly  from  animal  (ocd,  hu  to 
not  diuppaar  from  the  Dody  even  on  manKancac-frce  food. 

ilcJtoiM.— WhcD  administered  bv  moaih.  the  wits  of  this  metal  (but  lldi  <bniM 
apply  to  the  pcrmnogiuinte*)  produce  no  noticeable  efiecL  Manganeae  b  abwM 
toaalixhtdeinvcfrom  the  ulimentury  canal,  bclnn  deposited  mainly  la  tbeGwisl M- 
neys.  and  pusing  also  to  the  fclus  in  nitre.  Iti^  excretion  begins  wlUiin  tbwehMfc 
mainly  by  the  intestine  (as  Bulplii J  hi  the  fccn).  and  Ihcbflt;  but  tbeuriaepailiet^ 
(Batgero,  igob,  dog;  Kccinini.  1910).  It  jpiican  to  takenbovt  ihcsamacoewam 
(Hamack  uid  Scbrubcr,  looi).  Rcncdctti,  1900,  and  PiociDim,  ioioy  igii|d)a 
that  It  Increasea  the  restrvc Iron.  Benrdcili  hoa  Inveatlgatod  to  fate  by  wbealiw*' 
injection  [citrate,  dog).  It  Is  tone  by  van  (Borgero),  uid  obocuiseautVdvM*' 
lion  oi  the  liver. 

ManjEsnous  chlorld  accelerates  autolysis  when  added  to  excised  liver;  ptdMf*^ 
eoDvcrlinic  i  ndi  !!>.■« I itil,.-  proteins  into  (orms  that  can  be  «tUck«d  by  tbc  Hvtr  tun^t 
(Bradley  and  Miirsr,  igij). 

Manganese  Toxicosis.— Chronk  pt^wnlng  reaulti  from  Mpoanre  to  (be  iiUldm 
of  its  compounds  In  tlic  IndustrJu,  In  dnc  mines,  grindloK.  etc.  (Cmbdn,  CM>i<'< 
ioij;  Jokich,  If  i.i).  The  symptoms  ore  nervous,  with  mental  and  alaife4bM*bu^ 
llic  prognofis  it  good  as  to  life,  bml  aa  10  leoovciy.  The  condilkin  baa  Mt  bcm  W 
duced  in  animals. 

PRKPAkATlOKS — ^UA.VGANE&E 

atanianl  Dianidum  Pr^ipitatum  (Manitan.  Ulox.  Pr«c.),  17.S.P<— CaOlllfel 
of  matiKincx:  iliuxid  (MnO.).    I'rciijted  by  precipitnting  Manga w> SalphaM ty  i 
monia  in  the  pretence  of  Hydrogen  Dioxid.     Heavy,  fine,  black  powder,  witbMI  I" 
or  odor;  tnsol.  In  Wiiirt  or  ak.    Dott,  aaj  Gm.,  4  gr.,  U.5.P. 

(Vsf.  i'ermaiij.— See  Index.) 


CHROUATES 

Uses.— Cbromium  trioxtd  (chromic  acid)  is  used  cxtertullj'  v  ' 
caustic.  Tt  ami  the  chromalcs  have  some  toxicologic  importaiKt.  l^ 
dichtomatc  being  used  in  dyeing  and  in  "ballcrj'  duids."  Tbc}'  are*'<^ 
interesting  by  producing  a  characteristic  nephritis  aad  glycMuria.       ~ 
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Kolipin'ki,  1901  nnd  tgoS,  reported  fovornbk  mulu  ftom  chromium  nlphiU 
(9  gr..  Hate  (■>  (our  timn  ditity)  iii  ueuruUicnia,  tab(9  sad  oiber  nervous  comUtlooa. 
Tbcy  have  nol  been  iilcquuely  confirmed. 

Acuio  cIuoiiibu  polsoidlic  •xhlUts  corrosive  eSecls  and  nrphritis,  with  dcalh  in 
oae  to  forty-eight  houra.  The  [atnl  doM  of  poU«lum  dichroniatc  U  below  S  Gm.; 
of  chromic  ftdd,  0  Gtn.  The  trrtilmfit  h  by  cvacuntion  and  demulcent*.  Chronic 
faisoniitt  produces  local  irritation  (severe  rletmatitis,  ulcen,  etc.)  and  nephrlils. 

Vlceri  are  produced  by  chrotnute  dutt,  ciLpccinllv  where  the  nkin  i*  alieadv  injured. 
Tbcy  clcvelop  :il<>w1y.  but  ate  vtry  penetrating  And  ncol  with  difficulty.  Il  nlio  c«u*c« 
ulceration  and  perforation  of  the  noie. 

Pate.— When  bichramiiies  are  sivcD  by  the  mouth,  they  arc  reduced  to  duomou* 
oxid  and  lurtly  deposited  u  such  la  numerous  otK»n3>  ihe  rest  bcins  excreted  by  the 
urine  (KapiKler,  i5q6). 

Chronute  NephiiCii.— This  if  produced  CKperimcntallv  by  bj-podcmuc  Injcclion  of 
the  chxumitcr.  Il  is  nialnly  tubular,  but  the  slomcrull  arc  Inviilvcd  riiM.  All  Ihc 
phenomena  are  similar  lo  uranium  (includinif  retention,  filycoauria,  thtunic  ncphtltii, 
etc.);  except  that  edema  it  nol  common  (Ccrgcm,  i^7f>;  Hcliin  and  Spiro.  1HQ7; 
ScUa>-er  and  Hedinicer.  igoT;UpbuU,  1908;  .\uiliii  and  Eisenbrey,  iqii;  R.  M.  Smith, 
19M;  Folin.  Karsncr  and  Dcnii.  igii:  MacNider,  191;:  Eisenbrey,  19131  E.  Franck, 
■9'i-  B^yc^'^i^riB,  Moaenthat  and  Schlaycr,  iqij;  diuiclics,  elcO- 

PREPARATIONS — THROMATES 

Chromii  Triadidum  (Chrom.  Triox.),  U.S.1*.;  Acijum  CItromkum  (Add.  Chrom.), 
BJ*.:  Chromium  TrioKid,  Chromic  Acid  (Chromic  Anhydrid),  CrO|.— Dork  red, 
■ecdw^haped  crjilaU.  very  deliquescent  and  very  *ol.  in  wairr(i:o.6).  Rtphiitt 
with  bU  organic  matlcrn.  Uwd  est,  cautlic,  solid  or  in  solution  <i:i);  as  aMnnsent 
(}  lo  5  per  cent.):  (or  urethral  Injections  (i:a,ooo  to  4>ooo);  and  ag^Unst  sweating tt«t 
is  per  cent.). 

Lag.  Ae.  Chramiei,  B.P.,  15  per  cent. 

PtiMsii  BichranMt,  B.P.,  KiCriOi. — Lar^e  oranKe-red  crj'Stals,  Scl.  In  water 
(■:  lo).  IncampadiU  with  alcoboi  and  all  reducing  agents.  Doit,  6  lo  xi  Tan.,  V{n  to 
)^p.,  B.P.,  diluted  (against  gastric  ulcer)  i  locally,  j:  10  solution  agninst  rodeot  uIom 
cuKer, 
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ALUMINUM 


General  Statement. — The  soluble  salts  are  strongly  precipitant  to 
proteins,  and  therefore  astringent  and  antiseptic.  They  aru  u.*ed  exler- 
nally,  and  sumelitnc^  agatnsi  diarrhea.  They  arc  not  readily  absorbed 
fr»m  the  alinuntary  canal,  eo  that  even  vcr>-  large  doses  cause  only  liKal 
exudative  inflammation  (vomiting  and  diarrhea).  The  precipitates 
rediasolve  in  an  excess  of  protein. 

The  quantities  which  may  be  dissolved  from  aluminum  cooking  vessels, 
even  by  dilute  acids,  are  too  small  to  be  of  any  importance.  Alum  baking 
powders  arc  perhaps  more  seriously  objectionable. 

Absotptioii.  Distrihutioii  and  EicretiOD.— It  was  formerly  stated  that  alumlBam 
salts  are  not  absorbed  (Plagge  and  Lcbbin,  liSgj).  Gics  1911,  Sicvl,  191 1,  and  Kaho, 
lyli,  however,  showed  that  considerable  sbsorptioQ  occurs  even  from  biscuits  baked 
with  alum  baking  potrdcr.  and  that  this  tends  to  accumulate  In  the  Ixxty.  Tbe  t  ite  is 
especially  rich;  Ibc  parencny mat ous organs  retain  considerable;  the  brain  and  heart  but 
little.  A  part  is  excreted  by  the  uiine  (Kahn):  tbe  remainder  by  the  intestines,  even 
when  It  woi  injected  into  the  drculalion  (Steel), 

Onthe  other  hnnd.  the  Keferee  Board,  1914.  found  no  aluminum  in  the  blood  after 
adminittcrlns  to  men  t  Gm.  ncr  day  for  (our  da)-s. 

Dctqred  Symploma. — Tne  aluminuni  compounds  spimd  very  slowly  even  wlica 
injected subcu taneous I y, and  appeartopcoclratcci'IlsniiKjitcat difficulty; for  Ihc^ymp- 
tonu  appear  only  Kvcrnl  dsyt  or  weeks  after  the  injcciioo  (Sicm.  1K86J,  .tl  a  time  whcti 
the  metal  has  entirely  diuppeared  from  the  blood,  and  liu  become  6xed  in  the  cells. 
The  symptom5  then  tocmblc  those  of  subacute  arsenic  (loisanins.     Tbcy  ne^'cr  occur 
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when  nliiTninum  (.ills  nn  pvcn  by  mouili,  no  matin  in  whal  dMc*,  nor  how  iMr 
coDtinuuj.  Kuth  iini]  Vocittlio.  1916,  found  thai  ptolonged  (ceding  o(  ahimuiua  hUi 
to  uiimals  produced  mainlv  guUo-tnteslinal  irrilatkin. 

Attringml  Aahn,—T)x\»bu  txcn  Mudicd  by  Bsnocttl.  1914. 

PKEPARA-nONK— ALUUI NUU 

Alumtn  (Alum.),  U.S.P.;  Alamm  Puti^lnm  (Alum.  Pur.),  B.P.;  P  fit  mini 

i Aluminum  PoUMium  SuIpiialc),  AlK(SU^i-f  tiiltO:  ot  Ammoniuiti  Alim, 
SOi)i+i3lIiO.— Large  coIoHcm  c 01  uU;  strongly  ulrfnicRti  taste;  wii^  «d«. 
Freely  sol.  In  wuter  <i:7-')>  pruc  tic  ally  iawl.  in  ale.;  freely  Ml.  in  fdj-c  ImumfMi 
with  alkalies,  urboDklei  and  lend  ultx.  Ihit,  0.5  Gm.,  S  gt.,  U-S/P.;  o.j  l«&t<ia.i 
5  to  10  nr.,  B.P.  VmA  as  garitle  (1  to  5  [icr  cent.:  wmcwhai  iiijurious  to  UM'V'.  » 
«retbral  injection  (a5  to  1  per  ceni.)i  and  lu  hkin  luiiua  (t  per  oenL). 

*AlumtH  ExiiccMum    <A1um.  Euic),  U.S.P.,  B.P.  (Burot  AJuia).— Alum  nib  41 
per  cent,  of  water  (of  crystalllitullon)  expelled.    It !«  used  ai  a  mild  caiuik. 
Gtycerintnit  Aliminii  (Gtyter.  Alum.).  B.P. — >o  per  cent,  of  .\luni. 
*i.ifniir  AtitMini  AitlaUi  (Liq.  .Mum.  .\ccl.),  N.F.,  <Burow'ft  Solutlwl.— A  (kK 
Gi}tcwleaS90ilutioncont.iiniiiK^I)C>ul  j  per  cent,  of  neutral  aluminum'aceUlf,  .UiI'tllAlt 


A  I  per  cent,  dilution  i»  m><1  to  Iv  uiiMfts 
For  apptkatiun  to  tlic  ^klll  it  sbxtU  t*  t- 


Uied  as  a  nuld  astiin^ti^m  diid  antiseptic, 
and  SPer  cent,  itermicidal  (Kuehl,  1913). 
luted  nvc  to  fifteen  timcx. 

Ub.  Alum.  Subiuei.,  N.F. — Caotairu  nearly  S  per  cent,  of  basic  aluminunialiW. 
A](OII)  <C)[l«Oi>).  It  ii  practically  equivalent  to  the  preccdiaB  and  i*  UMd  i*  ikt 
Mmc  dilutions. 

,4iiiMtiii  Itydroxidum  {Alum.  Hydrox.j,  t'.S.P. — Cliiefl>-  A)  (OHfk.  PitfMidN' 
precipitating  a  boiling  oolution  of  alum  with  sodium  coiboiMtc.  WUle,  bulky.  UM- 
plioub  powilcr,  odorlrat  and  tottclcM.  Insol.  in  water  and  ale  Uicd  ai  DiUd  Miiiipi' 
and  dcsiccani. 

BAKHfG  POWDERS 

These  ore  cheniicals  wliiicli  itve  as  subatiiuii-s  lax  yeut-fernMntalMO,  smdM 
bnad  4nd  poxtry  dough  by  evolving  carbonic  add.  They  arc  of  counealimbiba 
procBi.  Tlie  docompotltionproducisarejxircl)  c^pellrdby  tbebealof  baUifr  1^ 
utcd  fcndue  b  the  jiort  which  could  caneeiv«bty  produce  pharmacologic  icliMi. 

The  tMkhg  nomlera  belons  10  (our  chcmic  type*  (Crampton,  1S89]: 

1.  Cream  of  Tartar  Powders,— Mix  lure  of  add  potaiaium  Uirtrate  ttl  «od«» 
bicarbonate.  Rc.iciinn:  KHC.il.O,  +  NallCQi  -  K>taCtHi04  +  COi  +  EU 
Reaiduuiii^     11  Gm,  of  Kocliclle  Salts  per  loaf  of  bread.    Innocuous. 

a.  Phosphate  Powdara.— Calcium  nuper-photpluite  and  wdiun  Utirtm" 
RMfiion:  Qill.(l'O0,  +  »S»HC0i-OiHP0.  +  NaiUPO.  +  iCO.  +  B# 
Sulublc  residuum:  3.5  Cm.  lodlum  phosphate  pet  Imf  of  bread.    Ibbocuoui. 

3.  Alum  Powdara. — Alum  <uMially  ammonic)  and  >o(fium  bicarboBtle.  RMftiw 
(NH.)..M,(SO,),  +  «NaHCO,  -  a1,(0H).  +  3  Na,SO,  +  (.VH.),SO,  +  MA 
Residuum,  per  loai  of  bread:  i.t  Gm.  aluminum  htHlialie:  ^.65  Gm.  wmUub  |idft*>f- 
I.I  Gm.  anuoooiuBi  nilpbate.  The  aluminum  hydrate  ix  inralnblc  In  iiaWi  b  il* 
slomnci),  lome  U  (UMolved  by  the  hydrocblorlc  acU.  and  perhaps  by  tfea  pn**^ 
GiM,ivii.con3ideretUB seriously  objectionable.  Tbe»u)|dwtesarcpfactkaBf*Mj<> 
action.  (The  addition  of  alum  whitens  poatry  baked  (ron  inleriot  flour.  !!■  lav 
lent  use  is  piohihitrd  in  Kveral  countries.)  _  , 

4.  Ammonium  Carbonate.— Decomputted  and  volatiKied  as  NHi  -(■  C0^  fcV^M 
■0  completely  that  it  is  ionclive.  ^^ 

Socnc  bakinif  (lowdcr^  are  mixlurtn  of  wverol  of  the  above.  They  ore  oflca  dM" 
wltb  indifeieot  subitantca  (starch,  etc.). 


CERIUM 

Cerium  resembles  aluminum.  The  insoluble  Cerium  Oxalitt  ^ 
employed  against  vomitinx.  especially  in  pregnancy  (Simpson.  i^M' 
Mills,  1870),  but  it  is  probably  useless.  It  is  non-toiic  eves  ia  ' 
doses. 
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Siace  cerium  oxalate  U  not  alnorbcti  (Bitdicm,  190;},  its  &cUon  mu»i  be  entirely 
local  *aA  tnAlosoufr  tu  thut  «1  bUmulli.  This  bu  bceo  deinoiuUatcit  ttpcrimi-nlnlly 
hy  Baehr  and  U'cwlcr,  i^tog:  They  iound  thnt  it  had  no  edect  on  rentinl  vontitlnjt 
(■pomorphlnj,  bul  tliul  Urge  doses  delayed  vomiting  from  lucnl  gastric  irrilnlion  (ipe- 
CK).  Tile)'  iUm  showed  that  <entrkl  vomiting  wu  not  affected  e\-cn  by  Ilie  wlublr  nnd 
abMsbtble  cerium  tiiir>te.  The  systemic  effects  cormponded  to  those  of  Thorium,  but 
the  metal  b  exaeled  »«liuirely  1^  the  fecc*. 

PRHPAHATIONS — CEKII'U 

Ctril  Oiiilai  (Ccrii  Oxitl.).  U.S.P.— A  mixture  <j£  the  oxntnlcs  al  cerium  (about  40 
per  cent.;  Cobleoti,  i^io),  dldymiuni,  lanlhiLnuni,  and  other  associated  elements. 
Fine  white  or  slightly  pmk  powder,  vdlhout  odor  or  liule.  Iniol.  in  water,  sic  or  etb. 
D»«,  0.1  Gm..  3  St..  O.S.P.;  0.05  to  0.5  Gin.,  1  to  8  gr.,  xs.  powder. 

Cerium  Nitrate  (aolubic)  hsi  been  Aubttitutcd,  la  dose*  of  0.05  Cm.  or  lew,  but  is 
imtloDsl. 


BERYLLrOM  SULPHATE 
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ycMfymiHin,  iVdCiodymiuM,  Ijinlkanum,  Ylltium  and  ZiKattiun  (ix  the  rhiortds) 

ilso  ptccipitste  protdnt,  Uid  the  ub^eivrrl  elTm»  can  \k  iiticibnicd  tu  ihit  rraclion 

(an titcpsu,  par Jysis  of  muscle,  etc.)  ^UreyitiM  and  Wolf,  1905;  Rachem;  HAlicrt.  190;; 

Hoeber  and  Spaeth,  1914)-    Their  oxnlntes  are  uH  priclically  non-toxic  by  moutc, 

_    even  in  enormous  dcocs  (jo  Cm.  per  dog), 

W        Seaman,  iqii,  found  that  ihU  »dl.  when  administered  to  dogs  with  food,  rc»uUed 
B  eqxcially  in  nutritional  disiurbunccs:  cmAoation,  with  loss  of  N,  S,  and  V.    Large 

■  deoes  produced  voniltinj;  without  itcute  toxic  symptoms.     Uypodcrniimiljr,  it  caused 
V  local  edema  and  occro&K,     IntrAvmous  injcctinnn  irerc  mnrkcdly  toxic,  with  difturb- 

anccs  of  circulation,  reapimlion  and  temperature;  diuresis,  bloody  diairfacu  and  vomit- 
ing.    It  inhibits  the  action  of  digcilive  fctnienls. 

■  The  chemlc  effects  resemble  those  ot  aluminum.    The  nitrate  of  thotiuni  U  matkedly 
H   astringent,  prccipiUtling  proteins  nnd  cotgutnting  blood.     Injected  bypodcrniicjlly,  it 

■  caittes  ulceration.     The  loxidty  Is  slixlit.     It  is  fairly  well  tolvMlcil  by  the  stomach, 
H  vary  Urge  doses  beins  rctjuired  to  produce  vomiting.    It  Is  not  absorbed  from  the  alimen- 

iBiy  canal.  The  addition  of  »oiUum  dtrate  prevents  the  coagnlant  action.  When 
lUa  solution  Is  faijecicd  iotrav«nausly.  It  has  absolutely  no  effect  on  ibc  circulation,  or 
any  other  function,  even  wh«n  o.s;  Gm.  are  injected  per  kilogram  ol  dog.  However, 
the  animals  remain  cmaclatcdi,  asd.  show  ulcers  of  the  gums,  when  killed,  after  some 
week^  an  extensive  calcification  of  connective  tissue  is  noticed.  The  thorium  Is  ex- 
creted by  the  kidneys.  The  solutions  have  nocffoct  on  the  excised  musdeor  heart  of 
frogs  (Chacc  and  Gies.  Brown  and  Sollmann,  1905).  The  nitrate  was  tried  for  stimulst- 
tog  nlctn,  but  did  not  prov-e  superior  to  alum.  The  oxslatc  and  oiid  are  practically 
[Moluble. 

"Hie  thorium-sodium  citratcsolutlun  ltlm|iervlousto  X-rays,  and  has  been  suggested 
tor  radiographic  work  {Bums,  tgis). 


THORIUM 


RADIO-ACTIVE  METALS 

Geoeral  Statement — Thorium,  radium,  uranium,  etc.,  undergo  atomic 
decay  into  a  siTics  of  new  elements  (emanation,  etc.).  This  decny  is 
accompanied  by  the  generation  o(  rays  which  produce  irritant  or  destruc- 
tive effects.     E(adium  itself  is  thus  used  to  irritate  or  destroy  pathologic 
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lis&ucs.  The  milder  emanations  arc  employed  especially  against  i 
joint  and  rheumatic  diseases.  Their  therapeutic  status  is  sliil  ud 
but  the  origiDBl  expecistions  were  probably  too  optimistic. 

Nature  of  Radio-ictiritr.— Radio-activity  i«  defined  u  "  tbe  mopertr  o(  ipsKMc 
ouily  cmitiing  radii  tion>cspab1cofpnuingihrt>UKhpl*tc«  of  melAi  and  other  ralMwH 
opaque  to  ordinary  llnht  and  havina  Ihc  power  M  discbir^ns  electrified  bodlK* 

Tlie  ra)-*  may  be  of  «evenil  kinds: 

Catbod*  rays  arc  produced  when  an  electric  dbchatiie  h  pasted  tkrsoKh »  N^- 
vacuum  lulie.  They  are  interprrcod  b»  ncKallttly  charscd  parlidt*  ((Mptado « 
dcctrons)  sent  o5  from  the  cathode  irilh  very  high  vclodty. 

X-rays  {Rocntsen.  i8os)  arc  prwlucol  when  the  otthode  rayf  rtrike  (bt  nl  •f 
the  tube.  They  aie  believed  to  consist  of  a  icries  of  puUcx  in  ihc  Clhrr.  taonhl 
ftiuloffou*  to  light,  hut  tent  out  at  irrcKulnr  intervals. 

Radio-active  Hetalfl.— Active  rs)-*  are  alio  emitted  by  a  numlmcd  oMahallufk 
■lomic  weit:hi.  and  by  their  compounds,  praumably  in  Ihecouneof  ibr  AiMfBHi 
of  their  ntoms. 

The  Aiumcry  of  radio-activity  started  with  lh«  ofaj«Tvalian  of  Bcc()uerel,  iSft  lL>l 
uraoium  mIes  act  on  photoKraphic  platci  through  black  paper.  Similar  nyt  amAt 
covered  in  thorium  in  1898  by  Schmidt  and  Slmc.  Curie:  and  In  ilieMmtjtvllt 
Curies  dE»coverc<!  polonium  and  radium. 

The  prindpil  radio-active  melaU  are:  thorium,  radium,  uranium,  aad  uoKtlkai 
(ionium,  nolonium,  etc.),  and  their  di^intesTatioD  products.  Four  kindi  ttnyn" 
dlstinRuisned. 

Tm  alldia-rayi  have  low  penetrating  power,  but  arc  most  cRicieRt  In  ianianflMi 
They  conti*!  probably  of  piMititdy  tkantd  krl'inn  alomt.  Tbcy  reptctml  IM  *■!* 
tneny  of  radiation. 

Tht  beta-rayaare  more  pcoctraling.  with  Ie»ionidos  action.  TberafeeMiMM*' 
aa  neeative  electron*,  and  therefore  idrHlkal  mtk  Iht  iailudr  rayi,  except  la  ikrir  eJodj^ 
They  are  also  identlctl  with  the  more  slowly  movln|E  dttla-myt,  «riiicb  tie  !•>*'*' 
when  alpha-raji  strike  solids. 

The  Eanuna-rays  have  the  hishni  penctralinK  and  the  lowest  ioniilniWMt. 
They  arc  UtntUal  wilhilu  .X-K<tyi;  i.e.,  they  consist  of  etiicr  vibrations.  producnla]itk 
impact  of  the  beta  particles. 

The  ratio  of  these  rays  varies  (or  (he  different  metals,  but  Is  consiaai  (cf  thf  u* 
metal,  tn<tr[>i'ti<J[-nl  of  its  combination  ur  other  conditions. 

Disintegration  of  the  Radio-active  Metals. — .\  KOuDlaneous  dlfinicnsliM  <f '^ 
atoms  chiir.ti-irrixc«  all  the  radio-active  clenicms.  and  u  tlie  cause  OJ  the  ib(ha(tff(iW 

ra)-s.    This  Iransmutatioa  b  also  independent  of  eKternal  CoaditMM.    Tht  p^lafr 
course  of  the  atomic  decay  for  thorium,  uranium  and  radium  is  a*  follows; 

Vmnium  minus  a  =  Vt.  X;  —  ^  anil  y  -  lonlumi  —  nami  $  -  AattfMi;  -  a# 
and  y  =  Emanation  (Gas)i  —  «  =  Radium  A  (Induced  Kadio-aettvilf,  -  *  " 
Radium  B;  little  radiation  —  Radium  C;  —  a,  ff  and  >  =  Radfunt  D;  ao  ntfi"™ 
•=  Radium  M;  —  tfand  y  =  Radium  F;  —  a  =  (?l>ad  ?). 

Tkariam  tt  =  Mesothorium;  —  (i  =  Rodioiborium:  —  «  "  TboriuatX;  -«* 
F.mnnnlion;  —  a  ■=  Thor.  A;  — ;*  =  Thor.  B:  -  «  =  TTior.  C;  — o  '  t 

BmanatioQ.— This  is  the  fint  product  of  the  disinter  ration  of  tadhin.  ll  hsi* 
properties  of  a  colorless  inrlilTerent  gu.  It  diHuses  through  porous,  but  Ml  '^''"T 
tight  cxtntainers:  can  be  condensed  into  a  liquid  by  lov  ICRipcralurc  anil  lulilfllwl  V 
heat,  etc.  IlscneniJc  properties  resemble  the  aricon  group.  .A  similBTRUmin**' 
tion  is  iModuced  by  iborium  X.  When  Ihc  metals  are  subjected  to  bi^  tempoat**' 
ihegaK  Is  driven  off  and  their  rmannting  power  Is  lost;  but  they  recover  oaietlCi'' 
Ibeir  deterioration  proceeds. 

Radium  Emanallon. — "  Radium  emanation  is  continuously  giccn  oB  freai  *4*'J 
solutions  of  radium  salts.  It  can  be  collected  as  it  cMaixs  from  the  sohitlsa.  <n*** 
throuk'h  Ihc  uwof  the  mercury  pump,  or  by  other  suitable  nsoans,  quantitabnlr  M^ 
mined  hy  ciiher  tbi-  ali>ha-  or  gamma-ray  electroscope,  hmiifbt  Into  solatlaB  is  •>■■* 
tor  internal  or  external  use  or  be  set  free  In  an  cmanatoriiim  foe  InhaUlleo  tlMias^ 
It  mav  be  collected  into  small  kUss  containers  and  this  used  in  place  of  the  1 
described  under  surgical  use"  (N.X.R.). 

Decay  of  Emanation.— Tlic  emanations  lose  their  aciivity  rapidly.    T*al  d  1 
falls  lo  one-hfl'f  in  one  minute  and  to  nlroosl  aol)iln)C  in  a  very  lew  minulrs.    t^tP*  | 
radium  pcrsitia  for  some  da)-s.    Tlie  decay  H  due  to  the  cbaBRC  of  ibt  naaaaikaK** 
fadtum  A  (Induced  radio-activity)  or  thorium  A,  wiih  the  ptoductien  ol  Jlki-if 
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fcharsed  hetium}.    The  rale  of  decay  b  mdcpondent  of  externa)  conditioiu,  »ucb  u 
'trmperatufc. 

UtducMl  Radio-activity.— Any  substance,  liquid  or  solid,  when  left  in  the  presence 

ridium,  .-ici^uircs  rA<!io-activjty.     This  is  due  to  the  dcpoution  of  a  nidio-BcUve 

bat&nM,  "riulium  A"  or  "cuianulloii  X"  on  the  surface.    Thift  substance  Is  tormcd 

tlie  decay  of  the  unanatioD.    Ii>  qunotity  U  extremely  unaU.    The  depont  can  be 

moved  eWmicJilly  or  mechanioilly,/.!.,  by  sandpaper.    11  nlsodecaysiimiliuly  tothe 

ini&natioa  into  radiuni  B,  etc. 

PrapertlM  of  Kadhnn. — Radium  is  a  bivalent  dement,  closely  related  to  barium. 
tccauteofiUchemictcaclivily,  it  can  not  be  kept  in  the  mctRltic«tatc  and  is  therefore 
narkettd  in  the  form  of  its  salts,  especially  the  soluble  brumJd  or  chlorld,  and  the 
Btoluble  fiulphalc  and  carbonate.  It  ii  scncmlly  miicd  with  mare  or  less  of  the  corre- 
indinK  banum  salts  and  Is  sold  on  the  bsfJs  of  Its  radium  content,  as  determined  by 
radiiviclivily. 

Determtoation  of  Radio^acttvitr. — This  is  nccomplished  by  measuring  the  ionixation 
Kasc<,  "'Diuv  ulicn  iridium  isiul»w('d  loact  on  tlie  afrtn  a  charged  gold -lea.!  cloc  tro- 
pe the  air  becomes  iwnued  and  Ibcirfore  a  condactor  oJ  electricity  and  ullovi  the 
large  to  Icik  out  causing  the  Icni  in  the  electroscope  to  move.  By  ohscr^-ing  the  rate 
flBOVcmcBtof  the  loaf  in  a  calibrated  apparatus  the  radio'^ctlvity  can  be  determined" 
TJJ.R.). 
TTniti. — "Quantities  and  oonccni rations  of  radium  emanation  are  cxpresMd  in  teima 
rf  "curies"  and  Macbo  units.  A  "eurie"  is  the  amount  of  emanation  In  equilibrium 
rilb  one  gram  of  radium;  a  microcuric,  one  milliootb  ol  a  "curie,"  is  the  amount  of 
troanalion  in  equilibrium  irilfa  0.001  mg. radium  and  iscquivalcnt  toaliout  1,500 Mache 
Bfllts  "  (N.N.K.).  A  more  dctjiilcd  dtscriptjun  of  the  measurement  of  radium  cmana- 
lioos  b  given  by  Sifalion,  101 5. 

Radio-acdre  Thoritmi  Compoundi. — Ordinary  thorium  gives  off  alphn-rays  and 
ogn  Into  mesothorium  (discovered  by  O.  Hahn.  190;).  Its  chemic  pro^ttfes 
mble  those  of  radium  and  barium,  differing  in  the  inieniily  and  power  al  tadiation. 
oS bota-rays  and  ehanges  into  Radiothorium,  and  thii.. by givinxoli  alpha-rays, 
tuccesdvcly  Into  Tliurium  X  and  Bmauailon.  The  liintinm  X  is  Iherelore  the 
'  radjo-aciivc  product.  The  distribution,  excretion  and  effects  arodcscribed  by 
lesch,  Kanag  and  Kcctman,  191 1.  The  action*  and  therapeutic  uses  are  in  all  re- 
cta similar  to  radium.  It  U  less  efficient,  but  much  cheaper  [Schwara  and  Zehner, 
IQti;  Falla  and  Zchncr,  tgii;  Ciudxent,  1911).  Ledoux  and  Lcbard,  1913,  consider 
neMthoritim  even  Ixtler  than  radium  aHainst  malignant  tumors,  and  believe  that 
Ihorium  X,  because  of  iis  ricbncis  in  alp)u*ray»,  is  especially  suitable  (or  internal 
Dedication. 

Biologic  Effects  of  Radium  Rays. — Expoiiiiro  to  radium  aJIects  all 
Uving  ctlli,  similarly  to  X-rays.  'Ihc  lissut^  dilTcr,  however,  in  ihi-ir 
relative  susceptibility  to  the  dificrent  radiations.  According  to  the 
do!mge,  the  rc^ult-^  are  irritant  or  deatructive.     In  higher  animals,  the 

ritalion  grades  from  h>'pcremia  to  destructive  inflammatioo  (Biblio- 

raphy.  Locwcnthal,  igii;  HussakoS,  1907). 

Intact  Animal*.— Continued  cipoaurc  of  mice  (London)  produce)  in  throe  or  four 

a>-s,  nervous  <lepmsion  terminalinK  in  coma.     In  rabbits,  the  symptoms  b«)(in  in 

|lwo  weeks  and  last  many  months.    They  consist  in  loss  of  hair,  ulceration  of  the  skin, 

OUS  changes  umilinr  l»  ihosc  tn  mice,  and  sexual  Impotence.     In  man,  overexposure 

Droduced  persiittnt  diarrhea,  vomilinx.  general  wcakncw.  and  coma. 

•  Buac«ptibilit]r  ol  th«  individnil  orgBni,  accordinK  to  llorowiti,  i*  greatest  in 

■tTalnetvou<s}-steni.lyinplMtictI«sues,s«>uali[lands  and  liver.    ItislcMla  the 

_  a,  suprarenals,  cartilage,  muscle,  and  v«asels;  (coat  io  Mlivat>-  ^ands,  pancreas 

I  mucous  membranes. 

Ccntnl  HcTTous  SyBtem.— Obersleiner  found  the  [oIlosHag  symptoms  in  mice  which 

td  after  three  to  tivc  weeks'  exposure  lo  radium:  cunvulMODS;  forced  tnuvementai 

Dtor  restlessness;  paraU-sis  of  individo^J  extremities;  ataxia;  paralysis  of  ipbinclcrs; 

" ':  disturbances,     Tlic*iilop»y  nhownl  intlammatory  changes  of  the  entire  nervous 

4th  the  de;;enera(it'c  Ir^iuns  in  (lie  nerve  cells. 

1  Oizaas. — The  spcrmatoMUt  of  guinea  pigs,  when  exposed  to  radium  i'k  vilto, 
lh«u  motility  O^ndon  and  GoldbetK).    The  tc^in;  of  exposed  guinea  ^ngs 
^atrophy,  dcccneratino  of  the  epithelium,  and  absence  ni  s]>crmatoaoa  (Albers- 
choentierg;  London;   Friedcn).     The  ovades  esldbit  analogoos  changes  <Halbcr* 
Jtrr;  London). 
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tyinphatic  Tfssuft.— Thi*  ttacit.  npecully  drongly.  InlUiBmatory  duapt  w 
found  in  Ihr  ijilccn,  inlMlinal  (uUklcs,  nic»rntcrlL'  glands,  etc.  (lleioelx:  Lwlceii, 
Smaller  lUnes  destroy  the  fotlidct  and  JncreoM  Ihe  ironnecUvc  Iteuic.  IV  IcMdW 
«rc  dimitiithed  by  emanation  tad  by  X-nyi.  It  ti  not  known  wlKthcr  tbvc  k  ]mnml 
(Usiiuction  or  lessened  production. 

BImhL— The  hypodermic  injection  of  soluble  radium  ulu  prodund  nqild  baim 
of  (he  red  cells,  pcrilslfnK  for  mvcthI  weeks.  Xfao  hemoglobia  did  not  riit  H  Mck 
The  Icucocytn  were  also  increaicd  liy  imnll  doMs  but  diiainisbcd  by  bne  ftM  lai 
Zchner,  191:).  t»  vitro,  »hr<-peorpuKle8aJtheiDolyMd,aildlMlhaBeffhMBllfmi' 
(thorium  X,  Scbuurtz and  i^hner.  191 1). 

Leukemia. — TrFalnirnt  with  X-rnyft,  radium  and  thotium  X  cauxc  nl  laH  (  W^ 
porary  decrease  o(  llie  leucocylM.  Howcv«f,  thorium  X  alM  decrMset  Iht  («d  arfi» 
des  And  produces  parcncbymatoiu  changes.  It  should  not  be  used  vbcn  fi)6  )■>■ 
cxiit  (Hohn.  1914). 

Skin.— The  cfTecIs  arc  identical  irilh  K-ny%.  After  m  (tuiescetit  prried  at  ibNl 
two  weeks,  the  change*  be^D,  and  merobic  luobum;  with  iM:tea>c  or  ptenml;  wb* 
fo^on  and  burning  scnuiion.  Thin  may  »iUb«ii}e  in  «  lew  day»  witb  a  liilli  ial)>^ 
or  il  may  paM  into  inten»econ|{et^lion,^-aicalion  and  Iota  of  hair,  'rhcbliiitrinr'm. 
Icitvine  u  mw  surlace  covered  niih  necrotic,  diptberitkmembraBe.  ThitiMjpntM* 
to  highly  indolent  and  pninlut  ulccrstioo.  SeWtirc  dtstnictlvc  chanfH  «c«f  i>  n- 
taoeougtubctcutohis,  carcinoma  xridtarcoma  (Puk>-,  1911). 

Hm  Blood  VobmIs  of  ihe  Skin  Khow  dilation,  emigratioa  of  IracocjKcK  ■>" 
BwelUns  ol endothelium  and  rxun^aMtioDS  (TliiM). 

The  effects  of  moolhorium  on  tlie  vetsdiof  the  nbbil's  «r  were  Mudcd  by  Uta. 
1914.  ,    . 

Embryonal  Development — TUs  u  binderod  In  tbe  ova  of  lower  aAlawk,  u  u>* « 
eliickfn  test. 

Plants.— The  leaves  and  seeds  are  killed. 

Bacteria.— Tin  mys  .ore  mihcffecMybwtedcidal,  the  alphn-ntytbdnfiMtlcHwlW- 
Toxins  arc  probiibty  not  Injured  (GoldMT|[). 

Permeots. — .\u(olysis  is  increased  (Neuberg).  Other  fcrmeais  (fiSn  la  n0^ 
bltily.  .    , 

Decomposition  of  [■•ddds.—Scbwartz,  i^,  obwrved  dhcolonllon  u4  MV  * 
the  yolk  ni  hen's  eggL  aumcating  dccompottUon  of  Iccilhin.  Thit  occvici  ilv  * 
nJro.  Wohlgemuth  relcrreal hit  tuMimulutionolauiolytk  frrments,  but  MtMiiiw 
obscr^-cd  the  deoompoution  even  in  boiled  yolk.  Werner  and  .\Mrher,  rvii.coiin" 
the  decompositJon,  and  showed  ihtit  ibc  injection  of  decompowd  Wviihia  «  <t<>* 
into animwproduced dejE^neraiive changa analogous  to  tbc  ta>'». in  <bc  biwd. wM 
skin,  etc^  Proroi«Jng  mults  were  oIm  obta,ined  with  turoon.  The  tawtiim'f^ 
produced  by  thorium  X.  This  alio  decompoKii  fttiriiu  and  reacts  vilh  ■■■J'*''|^ 
organic  subttancM  (Falia  and  Zehncr,  1911}.  Fernau  and  Pauli,  191;,  Gadul* 
changes  of  proteins  by  radium  rays  reiemble  thooc  of  heat  coagulation. 

Stirgical  Uses  of  Radium. — These  are  employed  (or  prodv 
matory  rciictiun  oc  liesiruciiou  of  tkiue  in  skin  lesions, 
scars,  epithcliomu  and  other  accessible  tumors,  malignuil  or  bcoigl 
(pelvic,  breast,  neck,  etc.).  Deeper  structures  may  be  reached  by  Bbi- 
ing  ihc  gamma-rays  through  at  le»t  t  mm.  of  lead.  Nearly  all  pailxte^ 
tissues  arc  more  sensitive  than  normal  tissue.  The  efficiency  is  due  W  W 
beta-  and  gamma-rays,  which  are  proportional  to  the  radium  coDidil* 
the  salt. 

Stirgical  Application. — ^llic  dosage,  etc.,  ts  still  in  an  expcrin^ 
stage.  Heavy  doses  are  usually  employed  for  epithelioma  and  dtep*** 
(always  filtered);  and  lighter  doses  for  the  other  conditions. 

Roentgen-rays  in  Cancer. — They  are  said  to  be  uieful  in  cutAoeou*  eyjihriiw'*' 
localiicd.  superbcial,  inoperable  canocn;  but  utclot  in  dccp^catcd  or  wiiW))  M*^ 
nated  forms  (Piwey,  1913).    Tbe  um  of  SMaotborium  in  cancer  it  disciMed  if  V**" 

PaM  of  tUdhna.— Alter  oral  adnunistration  of  insoluble  ndtum  nit*  (>"'('''£ 
to  mice,  ihc  digestive  tract  la  Wtoa^y  radlo-*ctlvc;  the  oihcf  ocpw*  and  >b«*|* 
<'ontuin  mere  traces.  With  ioluble  preparations,  orally  or  hypodcnalcally,  the"*** 
alio  occurs  mainly  by  the  small  and  large  intestines,  and  by  toe  laaei;lil  tie  by  ik*0>'^ 
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uid  none  by  the  liver  and  skin.  The  eicfetion  of  Ihc  soluble  prepsratiattf  U  prompt; 
It  is  very  ^lon after  the  injection  tit  the  in»olubtc  iollt  {E.  Smith  and  Bellinghftm,  IQ12: 
Brill  and  Zehncr,  igii).  The  emanation  has  n  high  tipoid  coclfidcnt,  and  is  distributed 
in  the  organs  in  riroriorlion  to  its  anluliilitv  (Knaffl-Lcne,  igt  j).  WilJi  lohHiulion,  the 
amount  in  the  blood  increased  with  the  time  o(  exposure.  The  excretion  is  rapid,  ci- 
pccially  by  the  expired  Air,  and  partly  by  the  urine. 

Biologic  Effects  of  Radium  Emanation. — Large  doses  produce  tcndc 
eSecU  essentially  identical  with  those  of  radium.  The  toxic  dose  for 
man  has  not  been  determined.  The  actions  are  greater  by  inhalation  than 
by  hypodermic  administration.  With  the  smaller  (therapeutic)  doses, 
the  effects  are  somewhat  diSerenl. 

lobtlation  of  Large  Doms. — T)iis  leads  to  dyspnea  and  dcprcs!>ion  (but  no  true 
narcosis),  terminating  in  death.  The  iulo|My  shows  widespread  hyperemia,  with  his- 
tologic changes  in  the  brain  ttlls,  and  lo  a  less  degree  in  other  iicnli.i.1  nerve  cells.  The 
rmitnation  hemoly/es  the  blood  ol  guinea  pigs,  but  not  u[  rabbits.  It  decumpoftts 
lecithin  (Knaffl-I.cn/.,  1511;  Poulsion,  1908). 

Effects  of  Therapeutic  Doses. — The  activity  o(  sutolytic  JermrMs  is  increased; 
diastase  is  first  hindered,  then  augmented;  pepsin  and  trypsin  are  augmented.  Thm' 
a  liltlc  baderkiHiil  action.  The  tmhryonal  ilmditfimrnl  of  lower  nnimnis  and  the  growth 
of  plants  is  hastened.  In  liivillliy  nii-in,  the  IrucMvlrs  are  first  inctenged.  then  dimin- 
ished. The  coa^ulabilily  0/  the  blood  is  promptly  and  markedly  raised-  The  blumt  prrt- 
are  is  generally  lowered  20  to  J5  mm.  (Locwy  and  Plcsrh),  so  that  the  work  of  the 
heart  is  diminished.  This  is  attributed  to  vayv-moU-r  chantru  The  hypnotic  ottion 
which  is  often  observed  may  be  due  to  modifications  in  the  cerebral  circulation.  The 
ffeg's  heart,  perfused  with  activated  Ringer's  solution,  is  slowed  with  increased  diastole 
and  irrci{ularitie!i  small  doses  are  sometimes  stimulant  (Maas). 

Id  rheumatic,  gouty  and  chronic  inflammatory  conditions  the  emanation  treatment 
oflet)  causes  a  "rtaclion,"  consisting  in  an  cx.iccrbation  o[  the  inilammalnry  symptomt. 
This  occurs  after  a  few  days  of  Ireatmeot,  and  subsides  sponlaneously  if  the  treatment 
is  continued. 

Urate  Metabolism, — Investigations  with  modern  methods  have  (ailed  to  show  any 
effect  on  the  uric  acid  of  the  blood,  by  radium,  intravenously  or  by  inhalation  (Kinc 
and  Chacc,  1914).  Less  perfect  racthocls  led  to  the  general  belief  that  the  inhalation 
of  emanal ion  leads  to  increased  climin.ilion  of  uric  aciil  iind  tiuHn  ba«c«,  endogenous  as 
well  as  exogenous;  that  this  is  followed  by  the  disapjiearance  of  urate  deposit?,  tophi 
or  artiflcio]  (Fofanow);  and  that  in  gout,  the  uric  ndd  dlsappe.irs  from  thchlood,  often 
with  siibjeclivc  improvement.  Abl,  191  j,  al»o  claims  intrcased  rliminntion  of  cndog' 
CDous  uric  acid  by  thorium  X-  The  mechanism  of  these  eSects  (if  they  occur)  is  nut 
established. 

Gudzent  claimed  that  tadium  D  (formed  from  Ihc  emanation  but  not  from  the  ravs), 
converts  in  the  le^t-lube  the  laclim  urate  Into  the  soluble  isomeric  lactam,  and  Iwai 
into  NH|  and  CO).  Falta  and  Zchner,  191Z,  claimed  that  thoritim  X  bImi  increases  the 
solubility  of  urates  and  destroys  uric  acid.  Other  observers  (Lacarus;  Knn.fil'I^nzand 
WMhowsIci,  igii)  have  been  unable  to  con&rnt  tie  destruction-  Lazarus  attributes 
Gudzent's  results  to  mould  fungi. 

Kaplan,  jg  1 2,  clairns  that  aituline  rai/fumttiotir  decreases  the  uric  acid  and  increases 
the  purin  bases;  Slachelln  and  Maase,  1911.  aOirm  that  these  alkaline  waters  diminish 
the  itas  mclnbolism  in  health,  but  not  in  gout. 

Therapeutic  Use  io  Gout — Favorable  effects  atcdaimed.  In  most  cases  the  treat- 
meot  brings  on  an  acute  attack,  ;iEeneralty  mild,  in  the  first  six  to  fourteen  days  of  treat- 
ment. Improvement  sets  in  after  three  to  four  weeks,  parallel  to  the  disappearance 
of  urates  fnitii  the  hlrMid,     Ca^ei.  with  aniilomic  lesions  sre  not  so  favorable. 

Thenpeutic  Use  hi  Arthrites. —  Emanation  treatment  is  said  to  be  markedly  succc!«' 
ful  in  chronic  joint  and  "rheumatic"  lesions,  sciatica,  tabes,  pain,  etc  The  main  effect 
is  on  the  riain  hut  Ihc  inilammatory  plienomena  are  also  decreased.  The  improvement 
Is  often,  but  not  always,  preceded  by  the  "reaction"  a  flare-up  of  the  itiSammalory 
symptoms  (Locwenthal;  1' uerstenbcrg).  The  late  hbrous  and  anatomic  changes  are 
not  removed.  The  results  arc  therefore  belter  in  early  cases  and  In  young  subjects. 
Acute  arthritis,  arthritis  deformans,  and  luetic  or  tubercular  lesions  are  not  affected. 
Protcreuivc  polyarthritis  and  chronic  myalgia  react  well. 

This  was  the  hrst,  and  is  probably  the  most  successful  use  of  the  ernaoation  (Lmw- 
enthat;  Liqueur).     The  mechanism  of  Ihc  action  is  not  explained.     It  may  be  munly 
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BnulKMici  but  Gtidxcnt  assumes  a  dlrtct  effect  on  tho  IndamtasiJoii,  Ktinilaif 
autolytic  ferments,  and  cencral  increase  o(  metabolic  {iroceuM. 

Admiiiinntioii  of  (bo  BmuutioD.— Tbis  can  be  carried  out  properly  only  in  t|Mddf 
equipped  bMpiials.  "It  may  be  ait  ministered  M  lMth»,  by  Mibcutaneottt  taiRtkaa 
the  neighborhood  of  an  involved  joint  <o.os  to  o-s  mJcrocurie  in  i  or  a  e.c.  <liaM 
WHter),  by  local  uppllijulioa  us  corapreuei  (j  to  lomtcrocuriei).  by  mauth  niMik 
cure  <in  incrnming  date*  of  from  i  In  lo  micn>cuTie«  three  or  inoic  limes  ■  iIhI,  if 
Inhalallon.  the  patient  lor  two  hours  dxDy  ratnaJnini!  in  the  emsnsioiriim  Mm  a» 
taina  0,001;  to  o.i;  (average  0.1)  microcurie  per  liter  ot  air"  (N.N.R.). 


SILVER 

General  Statement — The  inorganic  silver  salts,  espccialiy  ibc  oltntc 
aft  used  lo  produce  astringent,  caustic  and  anti«:ptic  cffccu.  Theyltra 
resistant  precipitates  witli  proteins,  so  that  their  local  action  'umlj 
controlled.  The  toxicity  for  higher  animals  is  very  low,  and  the  uti- 
septic  efficiency  is  high.  In  Uie  presence  of  the  ll»ucs,  silver  xcp^i"* 
mercury,  since  the  protein  compounds  of  silver  are  also  antiseptic.  W* 
may  be  used  directly  when  anli.seniic  action  wit}iout  irritation  11  deiFei 

Silver  is  not  absorbed  in  sufficient  quantity  from  the  alimentaiT  owl 
to  produce  systemic  actions.  Because  of  its  precipitation  by  prDtemud 
chlorid,  even  large  doses  of  silver  nitrate  rarely  product-  :m.tious  poiuMiL 
Long-continued  use  results  in  blackish  discoloration  of  the  alnn  (aigyRol 
by  the  deposition  of  silver  particles,  probably  organic.  Traces  van 
therefore  be  absorbed. 

Arg3r(1sn).— This  develop*  Kradually  alter  prolonRcd  Internal  or  eiter«aliiM«l^h*' 
nhrii  till- 1 utol  iicji.c  has  reached  15  tojoGm.  InnceMlvcr  u  nownrclyuMdiatlit*V 
the  cuiiijiiiun  iii  inlri'i^uent.  It  has  been  produced  by  the  application  oj  tUni'OMUa- 
inghair  dyes.  Argytiim  consist*  inn  bluish-btack  (usc<dorKtioa  of  the  skill,  UfMf 
where  cxpoicd  lo  light;  and  of  internal  organs  and  mucous  mecnbranta  (ProlMW 
t8;7;  KicnicT.  iS;6).  The  black  granules  do  not  consist  of  neiaUic  wlvce,  lor  tk?  c 
easily  soluble  in  KCK,  and  difficultly  in  concentrated  nitric  add.  In  tlw  <kM,  lb(> "< 
•iluated  in  the  connective  tiuue  of  Ine  corium,  and  remain  indefinitely.  No  tD^e>  cs* 
be  demon»t rated  in  tb^  urine.  The  arjc/rism  does  not  iclve  rise  lu  other  srmptotH.  " 
animals,  silver  desiiosiiion  has  also  been  produced  in  intcnul  organs,  out  Mt  i*  i** 
akin. 

SfstMnlc  Action*. — These  are  never  seen  in  man  but  may  bo  produotd  h aawv'^ 
the  injection  of  non-[irccipilant  silver  solutioos  (AgO  in  Mdium  tbitnulpbUi.  G**^ 
gens,  iNqo;  colloid  AgCl  or  .\gl,  Gros,  igi:).  Tie  actions  are  niAinly  on  tkctesl"' 
nervous  system,  consisting  of  paralyses  and  spasm*,  bcalaodBi  in  1  he  lower  citie^*. 
disluibanccs  of  respiration;  and  fall  of  blood  cnoMre  (panlyiis  of  vasoowtiM'  tt*'"'^ 
somctinicB  diarrhea.  The  M^rctlon  of  brondiial  nucos  is  ste*tly  IprrnaBd.  1"**^ 
by  injury  tolheeplthelluni.aiid  niay  lead  lo  a»i^yxia.  Death  occurs  iulHll]rpMa(|'' 
by  paralysis  of  respiration;  the  diaplarasjn  being  paralysed  before  the  OUM  n) 
tory  muscles.  The  heart  is  but  little  aRerlrd  and  mny  beat  after  daalb.  la  I 
tbe  paral<rsb  Is  preceded  by  convulsions  (Ball.  1S6;;  Jicobj,  1.S77:  Goeblgos). 

Ckr&Mie  syalemie  f»ison!ni  ihair*  changes  in  tbc  blood  carpasck*;  dblnrliawa^ 
netabolitm;  cloudv  swelling  ul  the  heart  and  skeletal  muKle;  and  laity 
of  the  livn  and  kidney  (Bogoslon-iky). 

TbcTipeulic  Use  of  Silver  in  Kenrous  DiseasM.— (Insanity,  Kpikmy.  Elc.>— ]■■ 
wns  a  toirvival  of  the  funtaitic  teurhtng  of  the  middle  ago.  when  it  m*  fasMd' 
its  dedication  to  the  moon,  ond  the  supposed  conaoctkn  o(  the  latter  with  IwtJ- 
Althout;!'  )'  i'  ilKoliilrly  prosed  th:it  sliver  can  not  be  absoebcd  in  •mD«iils  w**'^ 
to  have  any  uction  u'h4tiocver.  it  hat  been  tried  again  and  again  tfalast sU f"* " 
nervous  discsK,  with  uniformly  negative  results. 

Local  Astringent  and  Caustic  Action. — Silver  nitrate  acts  aa  astriii|<M 
irritant  or  caustic,  according  to  the  strength  and  duration  of  tU  ■Pp''^ 
tioa.    Ttw  suifaoe  first  turns  white,  then  gradually  gray  and  blaAlff"* 


reduction  to  metallic  silver  and  oxid.  Tlic  nitrate,  fused  into  pencils 
{''Lunar  caustic")  is  used  in  substance  for  ihe  rt^tnoval  of  warts,  etc., 
and  the  stimulation  of  ulcers  and  granulations.  The  pencils  should  be 
moistened  before  use.  Solutions  are  employed  for  their  asliingcnt  and 
antiseptic  action  in  acute  and  chronic  catarrhal  inflatninatioas  or  mucous 
membranes,  in  the  following  concentrations: 

Ordinary  fonjunctivilis,  0.2  to  2  per  cent.  Dhinfcction  of  COnJuDCtJvs  (preveatioD 
of  i^iphthiiliiiiu  nounalorum),  a.  drop  of  3  p«r  cent.,  fullowtiJ  in  a  few  mi[iut«s  by  natnul 
saline  lo  arre*l  the  action.  Lnr)'"".  *  t"  'O  per  cenL  Urethritis  (conorrhcnror  other), 
irrJgAtion  with  1  :  10,000  to  I  :  },ewo.  Cystitis,  irrig.ttlon  will!  1:5,000.  Gastnc 
douche  (hjpcichlorhydria  and  ulcer),  i  : 3,000  to  i  :  1,000,  followed  after  two  mioules 
by  sodium  chloriil  solution. 

Penetration  of  Silver  Nltrat*.— Contrsry  to  the  prevalent  oninion.  the  actlmof 
silver  nitrate  extends  quite  deeply,  since  it  forms  easily  soluble  double  salts  of  tilVM 
itl bu m in Jitcs -sodium  chlorid  In  the  tissues  (Unna,,  Schumacher,  1915). 

Antiseptic  Concentration. — 1  :  1,000  U  (ainl  to  bacterial  cultures  in  five  mlnuteft; 
I  :  Sa.ooo  in  blood  sc^rum  hus  a  distinct  inhibitory  eScct. 

A  wRterv  solution  of  silver  phosphate  with  elhylcndiamln  is  faid  lo  be  more  pcnc- 
Ir*Iing.  which  would  be  an  advantage  especially  in  urology;  but  it  wcms  lo  be  too  irri- 
tant (I'V.-iFnkcD.  It  is  marketed  as  argentjtnin,  N.N.R.,  correspoadiag  to  10  per  cent, 
of  silver  nitrate. 

The  mucous  membranes  should  always  be  cleansed  before  the  stiver  is 
applied.  The  solutions  must  be  made  with  distilled  water.  The  uclion 
may  be  stopped  with  sodium  chlorid. 

Silver  Pills.— Pills  of  silver  nitrate.  10  to  jo  mg.,  fj  to  J^  gr.  (mode  with  kaolin  and 
petrolatum;,  are  sometimes  used  in  gastric  ulcer,  etc.  There  h  probably  a  Blieht  loc^l 
action  before  the  silver  is  precipitated,  and  after  it  is  dissolved  Dy  prvteln.  The  oxul, 
0.03  lo  o.t  Cm.,  ^j  lo  I  *i  gr..  may  be  similarly  employed. 

Protein-silver  Compounds. — A  number  of  these  products  are  on  the 
market,  such  as  Argyrol  (with  vitellin,  10  to  35  per  cent.  Ag.}>  Argonin 
(with  casein,  4  per  cent.  Ag-);  Prolargol  (with  albumose,  8  per  cent.  Ag.); 
Largin  (with  protalbin,  11  per  cent.  Ag.).  The  compounds  retain  con- 
siderable of  the  bactericidal  properties  of  silver,  but  arc  non-precipitant, 
penetrate  more  deeply,  and  are  practically  non-astringent  and  non-irri- 
tant. The  absence  of  th<»e  qualities  may  be  desirable  in  some  cases,  while 
it  is  a  serious  drawback  in  others. 

They  arc  used  in  ^onorrhoi  (o.t  lo  1  per  cent.);  conjunclivitut  (olJ  to 5  percent.); 
noM  and  throat  Infections  (2  to  lo  per  cent.)-,  etc. 

The  products  usually  dissolve  slowly  in  cold  water.  The  ftolutiom  decompose  oa 
cxiMMre  to  light. 

Frcshl]^  precipitated  tUrtr  Mid  was  recommended  by  Siler  and  Uhle,  1005;  but  hu 
not  come  into  general  use.  Tbum,  191  j.  icives  a  formula  (or  concentrated  Mlulion  of 
liiver  iodid.    CMmd  lilva  was  discusKd  under  "  Colloid  MelaU." 

Toxic  Actions. — Silver  nitrate  to  0.01  or  o.i  Gm.  by  mouth  produces 
no  symptoms.  Swallowing  pieces  of  the  pencils  up  to  3J^  Gm.,  is  also 
often  inoffensive.  Larger  quantities  cause  acute  gastritis.  The  fatal 
dose  would  be  above  10  Gm.  (Lewin) ;  even  30  Gm.  have  been  survived. 
The  Ircaimeni  would  be  by  sodium  chlorid  and  demulcents 
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'Aricnli  Xitrai (Arg. Nit.),  U.S.P.;  Arftm. Nil.,  B.P.; .Silver Nitrate  fI.onar  Caustic); 
A^NOf. — Cotortcss  cry»i»Uiae  tAbtea.  becoming  eray  to  black  on  exposure  to  lisfal  in 
the  preMnce  ol  organic  mailer.  Odotlc»;  metallic  ta«lc.  Very  wl.  In  water  (1 :  0.4)1 
aol.  la  ale- ( t :  30).  /lurompuJiWf  with  chlurids.  bromids,Eoilid*ic»rbonatc*  and  bydrox- 
Idt;  onanlc  druKS  and  reducing  agents.  Doii,  to  tag.,  hi  Sit  U-S.P.;  lO  to  3^  inK-f 
H  to  ft  gr,,  B.P.  Maximum  di»c.  jo  mg..  i^  gr 
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• /I  rew/i' ;?aro»  Pww  I Arg.  >fit.  Fm.).  O.S.  P. ;  Wo«Wrf  S.7iw  A'tooie  (Slick  CmwU- 
— AgNU<,  fusttl  und  muuldcil  into  pencils.  A  timall  quintily  of  AkCI  ii  addel  la 
toughen  the  moss. 

*Aiteiili  yiira-f  Induralm  (Argcoi.  Nit.  iDdtu.},  B.P.;  rau{JKit«JCa>u(^.— CMUtei 
$  pet  cent,  of  KN'Oi. 

Attenti  NUras  Miiigaliu  (.Urgent.  Nit.  MJtig.),  B.P.;  UiliioUd  ComIm.- 
■  part  AgNOi  and  i  parts  KNOi. 

Artmli  Oxidum,  krg.  Oxid-  U.S.P.;  Ab^. — Hc«vy,  civk  brovnitb-Uack 
odorless;  metallic  lastc.     Very  slightly  »ol.  in  wnter.     Dait,  o.oti  Gm..  i  p.,  OS.P. 

*  Art*nti  PnUituu  (Argent.  Pfoleio.}. — Protargol,  olc^  uc  d«»cribed  U  N.N.IL 


GOLD  AND  PLATIHUM 


Gold  and  platinum  ate  still  more  cosily  reduced  to  the  metallic  (tale  tku  b  rilva, 
and  »rc  thcrctorc  devoid  of  general  action  when  taken  ^'  the  mouth.  Wbca  iDJRUd 
into  the  circulation  ihey  produce  an  nnenic  action.  (Gold,  Schultx,  1891;  Fhttsnia, 
Rcblcr.  i8;8;  Cohnstein,  1801). 

Gold  cyanid  vius  udiiscd  agaiofit  tuberculosis  and  scrofuU  by  Cbrauki),  i>U 
It  fell  inio  disuse,  but  has  a^ain  been  renuscituted,  with  doubtful  jnitiAcatiao-  BrM 
and  Glueck,  lo'i.  cbim  successful  rrtults  from  ititriivcnouK  inioclioa  o^nM-poUMC 
cyaaid  (especially  when  combined  with  lulierculini)  in  luput;  alio  hi  typhflb,  lho«|b 
inferior  to  salvarsan.  Hnuck.  iqi  1.  however,  reports  a  fatal  resulL  rmrtbcr  idtt- 
caces  ia  Merck's  Report,  Vol.  XXVll. 

P  REP  AR  ATIONS — GOLD 

Ami  tt  Sadii  ChhrUum  (Aur.  ex  Sod,  ChlorO.  U.S.P.;  Cold  and  Sodhun  CUmM- 
A  mixture  of  equal  parts  of  anhydruui  gold  eblorid  (AuQt)  and  aahydrous  Mdn 
chlorid.  Orange-yellow  powder,  odorlow.  saline  and  metallic  tatte;  deliqtieaoeaL  Vb9 
tol.  in  water.    Dose,  s  nig-  Hi  Br..  U.S.P. 


■.u6    j 
nlB,     1 


TUf 


pitpwfi^ 


Actions. — This  meta.1  i«  ab*orbad  bl  put  ev«n  from  noixarroaiTf  .    . 

However,  poisoning  ii  r^irc,  the  metal  aMpMungvetj-euily  into  lolttbletarB.  and  kw- 
ing  no  pTonouDceii  tendency  to  nimulattve  action.    Tbe  ^ymptxiai*  on  iajccti■S|4^ 
volvc  to  some  extent  on  the  central  nervous  syilcm,  as  ttimulatioR  and  Mbw( 
paralysis.     The  arsenic  action  and  paresis  of  the  heart  arc  obo  promunent.    WUb  I 
chronic  poisoning  t  lie  gait  locnteriti'i  is  most  marked,  but  there  Ja  aba  an  ataiiiaitdl 
paralysis,  resembling  chronic  lead- poisoning  (White,  tS8o). 

Absorption  and  Fate, — When  soluMesaltsof  linarcfcd,  atmaUquaalhyttiikMW 
and  accumulates  in  the  tissues,  traces  appearing  also  In  the  urine.  Whca  tcMIl  A 
are  injected  hypodermicnlly  elimination  occurs  slowly,  mainly  li^  tbe  aliwgWifflfl^ 
but  somewhat  by  the  urine.  prodticinR  m.Arkcd  injury  of  the  kidaeyK  CmwJ"* 
quaDliliesare  retained:  lo to  15  percent. in  theskin, $|>«t cent,  in  ih* liver  (SabMoa 
co-workers,  tgr4). 


COPPER 

General  Statement.~Cupric  sulphate  imiaies  the  nerve  eadiags  it 
the  stomach  which  give  rise  to  thi-  vomiting  rcBcx,  and  thus  has  a  taxia 
specific  emetic  aclioi).  It  is  also  used  on  mucous  membranes  as  an  luris- 
genl  and  caustic.  It  has  a  relatively  high  toxicity  for  fungi  and  >)(*> 
and  has  been  employed  for  the  purfccation  of  water,  etc.  It  »  iW  * 
leliahle  baclericide.  Its  absorption  is  limited  and  it*  toxkity  to  aiiimil* 
is  therefore  low.  Its  use  for  brightcnins  the  green  color  of  vegrtalifc»i» 
innocuous  under  proper  condi(.toii»,  bul  under  others  it  may  be  sooc^tf 
harmful. 


COPPER 


783 


Emetic  Action. — Copper  sulphate  is  effective  and  prompt,  with  short 
nausea.  However,  it  is  irritating;  and  should  it  not  be  effective,  there  is 
some  danger  of  poisoning,  and  it  must  be  removed  hy  lavage.  It  is 
therefore  not  recommended,  except  in  phosphorus  poisoning,  in  which  it 
oxidizes  the  phosphorus  and  coats  ihc  globules  with  a  layer  of  metallic 
copper.  The  emetic  dose  is  0.5  Gm.,  8  gr.  in  a  angle  dose;  or  three  doses 
(if  necessary)  of  0.15  Gm.,  4  gr.  each,  fifteen  minutes  apart.  It  should  be 
dissolved  in  a  glass  of  water. 

Astringent  and  Caustic  Action. — Solid  copper  sulphate  is  used  as  a 
mild  escharotic  against  granulations  and  trachoma.  The  everted  lid 
should  be  lightly  touched  with  the  copper  crystal  or  pencil,  and  then 
rinsed  with  water.  The  pencils  are  made  "by  fusing  i  part  of  potassium 
alum  with  2  parts  of  copper  sulphate.  Solutions  of  o.i  to  3  per  cent,  may 
be  employed  as  stimulant  astringents  in  conjunctivitis,  urethritis  and 
vaginitis,  but  have  no  particular  ad\'antage  over  silver.  Copper  sulphate 
would  probably  be  effective  against  aphthous  stomatitis  and  other  fung- 
ous diseases.     It  has  been  used  intemally  against  chronic  diarrhea,  to  mg.. 

Antiseptic  Action  and  Use  in  Water  Purificatioo. — Copper  Is  markedly  gcrTnicida] 
for  fungi  und  nlgic.  and  fairly  eiletrtix-c  nRainsI  bacteria  of  the  coli  group.  It  may  be 
used  to  purify  water  from  algoid  contaminalion.  Tlic  iiares  at  copper  remaining  In 
the  water  are  probably  hnrmless.  Its  use  against  typhoid  contamination  seems  to  he 
unreliable  (Clarke  and  Gage,  1906).  Thomas,  igi  $,  describes  iti  use  for  the  dittnfcc- 
tioD  of  swimming  pools. 

The  mechanism  of  Che  action  of  copper  on  lower  plajitJt  is  discussed  by  Spiro,  1915. 

Toxic  Actions. — Large  doses  of  soluble  copper  salts  produce  mainly 
gastroenteritis,  and  characteristic  lesions  of  the  spleen,  kidneys  and  other 
organs.    The  toxicity  is  low.    The  absorption  is  very  limited. 


I 


i 


Even  on  conlinuetl  use,  c]uantilie$  of  the  copper  sulphate  up  to  o,<  Gm.  per  day 
hftve  been  shown  to  be  devoid  of  bad  effects  (Du  Moulin).  It  U  true  thai  thete  were 
not  eoniinucil  indellnilcly. 

Use  of  Copper  in  Foods. — Copper  Li  sometimes  wed  to  give  a  bright  green  color  to 
presert'ed  vegetables,  especially  peas  and  beans.  These  contain  1$  10  11a  mg,  per 
kilogram.  The  copper  culcrs  into  a  very  firm  compound  with  the  cblorophyll.  Older 
vegetables,  which  ire  not  ia  rich  in  chlorophyll,  contain  it  in  much  looser  combination* 
wiui  proteins.  The  chlorophyll  comfwuni!  produces  no  effects  o(  any  kind,  even  when 
eontinucd  for  loni;  periods  in  i|unn!ltrcs  corresponding  lo  i;  to  15  mg.  Cu  per  day, 
the  maiimum  amount  which  would  be  Ijkcn  in  food.  Howrvcr.  the  same  qu.tnliiin, 
when  more  loosely  combined,  ptoduce  some  digestive  und  mcluliolic  disturbances. 
The  use  of  copper  with  young  green  vegetables  would  therefore  be  harmless;  but  with 
older  vegetabW  it  could  become  harmful,  and  its  use  would  better  Iw  prntiihilcd 
(J.  H.  Long,  igii). 

Ocurrence  of  Copper  in  Tissues,— Copper  is  not  usually  present  in  mammalian 
tissues;  but  after  its  ad  mi  nisi  ml  ion,  it  occurs  in  the  liver  mainly  *s  cupric  nucletnate*, 
and  in  the  blond  and  bile.  Traces  .'ire  also  tclnincd  in  the  kidneys,  spleen  and  lungs; 
none  in  tubcrcuUir  lym^h  gluuds  or  pus.  Colloid  cupper,  injectcu  intravenously, 
shows  a  similar  distribution  (Corper,  1914). 

It  is  found  naturally  in  organic  combination  in  tbe  liver  and  Other  organs  of  ccpba- 
lopods  (octopus),  snails  and  mussels^  and  us  a  blue  blood  pigment,  bemocyanin.  in  mol- 
uaks  and  crustaceans.  This  is  somewhat  analogous  to  hemoglobin  and  conlainK  about 
38  per  cent,  of  Cu  in  masked  form  (Hcnzc,  1901}.  Copficr  is  also  a  coDStltuenl  of  (he 
feather  pigments  of  certain  birds. 

Systemic  Actions.— Di red  contact  with  copper  salts  depresses  skeletal  and  cardiac 
muscle.     Intravenous  injections  therefore  lower  blood  prcssuic. 

The  efiuct  ot  ivUind  topper  on  tumors  was  discussed  in  the  gcnciat  aitide  on 
"Melals." 
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KANOAL  or  PUABUACOljOOy 


PREPARATIONS-COPPEK 

*Ctifri  SiJpluu  <Ciipr.  Sulph.),  U.S.P.,  B.?.;  Capper  Sulphate  (Ca|»icSi^r, 
Blue  Viulol.  RIu«slone);CuSOt  +  jHiO-— Lvsc.dccp  bluecrytub;  odo(kii:aMdk 
Uflc  Freely  sol.  in  wntcr  [1:1.5);  iJisbtly  mI  in  olc.  {1:500);  (rcdf  mI.  iB  (IjL 
(i;t.8).  Iiuompatibte  irtlh  fiired  alkilim  and  carbonntn;  iodMs;  unniaa: M «il» 
Dott.  Emetic.  0.15  Cm.,  4  gr.,  U.S.P.:  a.^  to  0.6  Gm..  5  to  to  gt..  B.P.;  u  AiOtatlM. 
1x016  to  an  Gm.,  H  (o  1 8r->  B.P.,  diluted,    bloxtmum  dose,  i  Gdl,  ij  p. 


DlsJafKUnt— 1'lki4  hus  l>ern  cxteatik-dy  cxpUtiicd  ud  oxmi- 

190$,  fiiHM  t:«oo  t»  i:iM»i<n 


zmc 

Geneiml  Statemeot.— The  actions  of  the  soluble  xtiK  salts 
thos«  of  copper,  bui  are  milder.  Zinc  sulphate  is  employed  as  tnrtk. 
and  locally  ss  astringent  and  antiseptic.  Other  soluble  zJncsalttanilM 
used  locally.  The  acetate  is  milder;  the  chlorid  is  escharotic.  Tbeia- 
solublc  zinc  oxid  and  stcaratc  are  used  externally  as  protecti^TS,  tinilu)) 
to  bismuth.    There  .are  no  systemic  effects  under  therapeutic  conilini- 

Zinc  Sulphate  as  Emetic.— This  acts  like  copper,  and  is  gCDtnlr  pR- 
lerrcd,  being  nearly  a.^  tfTicicnl  and  less  irriiatinf;.  The  fJwrt  Must*, 
slight  depret^tiun  and  absence  of  liarmfut  irritation  malies  it  ptttlcalidr 
suitable  in  gastric  disturbance  from  overeating,  etc.  i  to  a  Gm.,  i5toja 
gr.  may  be  Riven  in  a  jjlaNS  of  water. 

Astringent  and  Antiseptic  Action. — Zinc  sulphate  or  aceute  is  mi^ 
in  con  June  tixilis.  particularly  that  caused  by  the  Monuc-Axenfetd  badllii»; 
and  in  chronic  gonorrhea.1  urethritis  and  other  catarrhal  condilioBi.  Tbe 
strength  of  solution  for  coll>'m  is  0.1  to  1  per  cent.;  for  urethral  injectiw*. 
0.5  to  4  per  cent.    The  plienoUulphonaie  has  no  advantage. 

Snc  Chlorid 
mated   In  prOftrintiiTy  prepantioDs.     MacCIJBtic, 
poor  sermiddc  and  feeble  antiseptic,  though  a  fair  deodorant. 

Zinc  Chlorid  as  Eschsrotic— This  is  used  as  the  Liq.  Zind  CUM.U 
gran ula lion'*,  ulcer>,  etc. 

Insoluble  Zinc  Compounds. — Zinc  oxid  is  mildly  tntiwptic  ud  *** 
tringcnl.  It  i^  extensively  used  as  a  local  sedative  application  Id  iafca- 
matiiry  skin  i)iM.-asc6  and  supcrBcial  wouncU.  It  may  bcajipliedilryW" 
an  ointment,  alone  or  mixed  with  boric  acid,  bismuth  submtraie.sUfli'* 

Ehenol.    Zinc  sicarate  is  perhaps  somewhat  smoother  as  a  dusting  po***^ 
ut  has  no  other  advantage. 

Systemic  Action.— Tlic  cdtcts  oi  intruvmous  injcrlion  bj«  maialy  panljtk. 
brain  is.  atTmtcd  on.t — i.e..  coiudouincu  is  lust— but  the  motor  aitu  ue  not  ionJ 
The  blood  prcMurc  (alls  rapMl).  liiit  this  i*  mainly  dwe  10  the  cardUc  dtptariM 
akeletal  muscle*  vt  but  little  nllcc led.  Zinc  ults  are  not  (uftdcBllr  oMorb^Ht^ 
ducc  s)-steniic  effects  on  oral  admiiuiiraiioo.  !Unc  odd  has  been  used  oi  >  ■*>** 
wdatin,  in  epile|)6y,  etc.,  but  is  probably  loclcn.  ^^ 

Tbe  raov-emcnta  of  tiKiteJ  inlalina  ate  depraaud  by  iixry  dilute  lolwinasiitw"* 
by  medium  concent intioat  (Salant  and  Jlitcbell,  ipt6),  _ 

lodaittM  PolsonloK-—" Brass  loundcn  ajpie"  it  produced  by  tbe  inlislaliao da* 
finely  divided  xinc  oxid  formed  tn  tbe  combusilos  ol  the  raetal— even  ti  pt  ^ 
(Lchmonn,  1910).  Ji  has  not  hecno1»«rvedinanimal*,lKiioaly  jaBBsa.  AnW*?^ 
ure  oi  several  mlnuln  or  hours — depending  on  the  Muceptibilily  and  vt»lftuk^--B|*' 
is  disht  irritatioa  of  tlie  throat;  but  the  maio  lymptoBs  occur  bter,  often  ■^■v? 
patient  has  been  in  the  air  (or  some  houn.  The  attack  teaemUes  a  ""'"^tS 
which  may  bat  some  hou™.  with  ontiaary  (chtiU  symptona— laaiitiiifc.  ''"*2* 
nausea,  musde  eraoipt  and  joint  paini,  comtricling  wnsailon  over  luncL  ctt-  **' 
attack  cods  in  pcrs|Hiation  and  rapKl  recovery  (W,  G.ThompwMi,  1911;  Bayhuru.  la*!- 


NICKKL    AND    COBALT 

_  endcr,  1Q14].  LelmiaBaatuibuUftlhesynipiomsio  the  absorption  of  the  icmain*  of 
the  icspiralory  cells  tbat  weiedeitteyed by  thi;  line.  The liypodcrmic  injection  ofiinc 
»alt»  nUo  prixlui-rs  Fever  (Klsokalt,  igi  z):  but  so  do  most  irritants. 

Rcpciklcd  exposure  lo  zinc  itimes  mny  result  in.  chronic  lesions  of  the  re»[iiistary, 
digestive,  excretory  and  nervous  feyslcms  (Haylmrst,  igt^). 


I 
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PBKPABATIONS-SOHrBI.K    ZOIC    SALTS 

'Zind  Atftai  (Zinc.  Acel.).  U.S.P.,  B.P,;Zn(CjHiOi)i  +  H^.— Soil,  white pUtes; 
faintly  acetous  odor;  oslrineent,  metallic  lasle.  Freely  10I.  in  water  (::i.]};  so?,  in 
nic.     (tijo).     Deif,  0,115  ('nii  ^  £'■•  U.S.P.;  o.Ao  In  0.1 1  Gm..  1  to  3  sr-.  B.P. 

Zin<  CMar..  U.S. P.,  B.P.;  ZnCli,— White  granular  powder  ur  porcelain 'like  tnastts 
or  in  pencils;  odorleK;  highly  caustic.  Very  sol.  in  water  (no.j;);  (rec!y  »o!.  in  ulc. 
(i:i.i(  or  Rlyc. 

*  f.iq  Zinc.  Chlor.,  U.S.P,,  B.P. — An  acid  solution.  coDtnlninK  about  .10  per  ccoL  oF 
ZnCI,. 

ZiHti  Pkenoliulplumas  (Zinc.  Phenols ulpb.).  U.S.P.  (Zinc  Sulphocarbooate); 
Zn(CiHtOtS)i  +  8 HiO. —Color lew,  transparent  prisms,  or  tabular  crystals  or  In  mut- 
ular  form;  ixlorlcss;  Bstrln^nt.  metallic  taste-  Freely  sol.  in  water  (1:1.6}.  Deu, 
0.115  Gm,,  >  gr..  U.S.P.     Locally,  similar  to  Zinc.  Sulph. 

'Zinci  SutplM!  (Zinc  Sulph.), U.S.P.,B. P.;  Zinc  Sulplialc  (Whit*  Vitriol);  ZnSOi  +• 
yHjO.^Small  colotlpis  cfy*t.il5;  odorless,  metallic  laste.     Very  lol.  in  water  (1:0.6); 

1>racticRlly  Jnsol.  in  nic.  iHcitmptilible  with  alkalies,  cotbonateK,  (odium  borate,  tannim, 
ead  salts.  Dosr,  as  Emetic,  1  Gm.,  15  gr.,  U.S. P.;  0.6  to  1  Cm.,  10  to  30  gc,  B.P., 
diluted;  as  .^stringent,  0.06  to  o.i  Gra.,  i  to  3  gr.,  B.P.  Maximum  do«e,  1  Cm,,  30 
«*■ 

Zind  Vairriu  (Zinc.  VaJer.),  U.S.P..  Zinei  Vaierianai,  B.P.  (Zinc  Valerianate); 
ZD(C(HtOi),  +  )HiO. — While,  jieatly  scales,  or  white  powder;  odor  of  valeric  acid; 
sweetish,  astringent,  and  metallic  taste.  Dose,  0.115  Gm.,  3  gr.,  U.S.P.;  OMi  to  o.l 
Gm.,  1  to  3  gr.,  B.P. 


PHr.PARATIONS-INSOLUBLn    ZINC    COuPOUNDS 

Zinei  Cvbimas  FracipHiUus  (Zinc.  Carb.  Pr«c.),  U.S.P.;  Ziiu..  Carb.,  B.P.— Basic 
Zinc  Carbonate  is  a  compound  of  somewhat  variable  chemical  comiioiition,  correspond- 
ing to  not  less  than  b&  per  cent,  of  ZnO,  U.S.P.  Impalpable,  white  powder  without 
odot  or  taste.     Itisul.  in  water  or  in  ale. 

'Zimi  Oridum  (Zinc.  Oxid),  U.S.P.,  B.P.;  ZnO.— Very  fine  amorphous,  white  or 
yellowish-irhilc  powder,  without  odor  or  tatle.  Practically  insol.  in  water  or  ale. 
Ituompatit'lt  wrilh  acids.     Ouic,  o.j  to 0.6  Cm.,  t  to  loitt..  B.P. 

•  UngUfMum  Zinci  Oiidum  (Ung.  zinc.Ox.),  U.S.P.  (Zinc  Ointment). — )o  per  cent., 
in  Benz.  Lard. 

"  L'ttg.  Zinc.,  B.P, — 15  Iter  cent,  of  ZnU  in  Beni.  Lard. 

lauar'i  Pasle.  which  is  used  in  ccxema,  contains  Zinc.  Ox.  t  part.  Starch,  t  pari, 
Petrotal.,  1  parts. 

Ziiui  Oltojlcurai  (Zinc.  Oleost.),  B.P. — A  ilncsoap.  White  amorphous,  insoluble 
powder. 

Ung.  Zinc.  OImI.,  B.P-^.X  zinc  soap,  incorporated  with  white  soft  pelrolalum. 


CADIOnH 


This  TCKinbles  xinc  closely. 


NICKEL  AMD  COBALT 

These  metaJs  are  only  absorbed  when  ^ven  in  strongest  sdutions.  The  local  octioa 
U  that  of  metals  In  general,  with  nothing  particularly  cbaroclrtisiic.  Nirkd  salts  have 
been  used  as  emetics,  but  are  not  be  be  recommended.  Nickel  coolcinjc  x-cui-ls  t:ive  up  a 
barmlcu  trace  of  the  metal  to  the  food  (Duragowski  and  Schumool-Sicbcr,  1906  ood 
1908;  Lehmano,  igoy). 
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UAMTAL  OF  PHAKUACOLQGV 


Wlwn  injected  intiavcnouily  or  hypoderminlly,  tht*t  mcUlS  aflect  the 
aervon  %yiWm  direcEl)'.  b  addition  lu  ineutua]  neul  nctioa  Da  ckpiUuie*, kui, ni 
Udnvjrt.  Tlicrc  arc  ircmurti,  churm,  and  convxibloM,  lollowed  by  ixucik  lilnfl 
the  meduUB  ii  »tiintilated  bcEore  Uie  ^luJ  coed  (A.  Sttiut,  1SS4}.  Sodm  hiMWtlio 
occurs. 

The  urine  In  Increased,  and  always  contains  Mi)c«r,  olUtn  praidM.    CoUl  Nitt  kI 
t  u  aniidoiB  to  HCN  poisoning,  Uiruu^h  the  (onnatioii  of  cobolKyanUs.  T*  k 
rllcctive  they  mutt  be  iniro'luecd  >.ubculancau»lx  to  dotet  which  ue  not  deroldrf 
daejter.     Tlio'  ""'  therefore  iiol  Iv  be  uted  in  nun. 

With  exchrd  inl/]linf,  dilute  mluUoEu  ol  niclcel  talts  produce  ft  priawry  Jyiw, 
which  maybe  followed  by  tlimulntioD.  Hi^cr  conccntntiouftbobib  tbewmanCi 
Nickel  la  much  tto*  toxic  iJiaji  linc  (Salant  and  Mitchell,  1916). 

Vlckel  CwboDTL— Thi»  gjia— NifCOj,— ii  [urmed  by  panbig  00  over  iaOj  4inM 
nickel,  as  in  the  Uond  proccw  of  [>bi>iniiiK  pure  niclcd.  It  deconpoM*  at  t^*C-iM> 
CO  and  melallic  nickti.  The  toxic  cffecd  an  probably  due  to  tne  dqpatiUMi^ 
mrtiliu  the  reapiratoT)' tract,  for  tbccirboayl  is  not  absorbed  as  micfa.  TbepbCMOMi 
followinx  iu  inhoiAtJOD  are  very  senous.  There js  ttsntiicni  malniH:,  irithquitk  nmnri 
In  tnah  air;  but  after  twdve  to  thlrty-ux  hour;  the  oalicot  iKcomes  i|y»iinck,  ()W<*- 
fcbrik,  and  delirioux,  with  a  bIood-«tained  cousb.  Death  occurs  ia(ovrlatKM*4nv 
K-iih  hemorrhages  (due  (o  laity  dcKcnemllon  of  the  vcaicl  walls)  In  tbe1iupuil« 
and  pulniooaiy  edema  <Mand,  Lajigtr  and  Quincke,  1890;  Armit,  igoT,  1996!. 
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General  Statement. — Mercury,  particularly  in  the  mercuric  solu,  hit 
a  strongly  toxic  action  on  all  protoiilawm.  In  virtue  »>f  this  actkxi  wetoi- 
rial  compounds  arc  active  germicides;  but  their  usefulness  U  ILmlttd  tf 
prix:ipilatton,  irritation  and  general  toxic  effects.  Even  the  inululfc 
mercury  compounds  arc  rapidly  absorbed,  distributed  throng  il  1^ 
tissues,  and  excreted  by  all  channels,  but  mainly  by  the  urine  and  Im 
Traces  remain  in  the  body  for  many  months.  Acute  poisoning  pmitti 
chiefly  the  phenomena  oflocal  corrosion.  The  characteristic  fcsiuref' 
systemic  poisoning  arc  stomatilis  dy«nlery.  and  nephritis.  Id  chiw 
poisoning,  nervous  symptoms,  and  cachexia  appear. 

Mercury  kills  the  parasites  of  s>'phiUs,  and  therefore  may  h»w»t*<- 
live  effect  when  properly  used.  Calomel  is  relatively  insoluble  and»W, 
so  that  it  may  be  employed  as  a  cathartic  and  diuretic. 

Antiseptic  Actions.— Mercuric  chlorid  is  one  of  the  mo»t  cflectin  1^ 
the  mercurial  germicides,  since  it  dissociates  readily  and  ihertJoie  pvn 
the  maximum  concentration  of  mercuric  ions,  which  produce  ihe  u^ 
septic  effect.  In  pure  cultures  it  intubits  the  growth  of  most  inicn- 
Organisms  in  dilutions  of  i :  50,000  to  i :  30,000;  it  is  germicidal  iB  I  :t^ 
to  1 : 1,000.    Spores  and  tubercle  bacilli  are  more  resbtant. 

Apptication.~~CorTO.«ive  sublimate  is  used  aulside  of  tkr  body,  oa  tuik 
etc.,  in  concentrations  of  1:1,000.  On  exposed  tissues,  as  t : 5,000  >* 
I  :  3,ooo. 

In  wounds,  however,  mercuric  salts  are  not  so  useful;  ibeir  act>^<T 
is  greatly  lessened  by  the  proteins;  and  they  cause  much  irriuUouM^ 
loxic  effecls.  These  last  are  particulariy  to  be  feared  when  large  kMO* 
cavities  are  irrigated. 

Mercury  a>mpoun<U  pnxluce  rapid  corrosion  of  melaUie  iwi*  ■•»■'' 
and  a  more  gradual  destruction  of  ruDber. 

To  hasten  the  solution,  to  prevent  precipitation  in  the  waief  and  u 
lessen  the  irritation  it  is  customary  to  add  some  sodium  or  amnow^ 
chlorid,  as  is  done  in  the  commercial  bichlorid  tablets.  These  (om  dM"' 
salts  which  are  less  dissociated  and  therefore  somewhat  Ics»  active  {Stl^ 
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batani,  1Q06).    Hydrochloric,  tartaric  and  citric  acids  have  similar  efTecis. 

M(-rcur>-  compounds  ate  used  in  various  skin  diitases,  etpecially  those 
of  parasitic  origin.  The  bichlorid  in  Pityriasis  and  iiycosis;  Blue  Oint- 
mcnl  a^airi'^t  Pcdiciili;  White  Precipitate  against  Impetigo;  etc. 

Potassium-Mercuric  lodid. — This  is  at  Ica^t  an  equally  efficient  anti- 
Wplic,  and  has  the  advantage  of  being  much  less  precipitant,  irritant  and 
toxic.  It  inay  he  used  on  catarrhal  mucous  mvmbruDCS,  boils,  etc,  in 
I  per  cent,  solution  (Macfarlan,  1914). 

G«ntUcidal  Efflcloac;  ol  C«lomel.— Thii  u  geaernll)-  ooiuidered  nudi  {nr«riot  lir 

ercuric  thlrjriil;  bui  Schambvr^  nniJ  Kotmcr,  11)14.  ronlcnd  Ifatit  It  udetlwr  Insoluble 
etcviry  i.ili*  jh-  rtiii.illy  clTixiivi- 
Emigration  of  L«ucocyle»  from  Fros't  Hewntery.— Thi^  U  inhibited  by  the  injec- 
tioo  of  mercuric  cblorid  ((krda,  191(1). 

Local  Irritation. — The  solubb;  mercuric  salts  arc  strongly  irritant. 
They  coagulate  protoplasm  and  thus  give  an  ashy  color  and  cooked  a|>- 
pearance  l<>  the  tiwut^s,  which  are  slowly  corroded.  These  local  changes 
are  especially  important  in  acute  poisoning.  The  intact  skin  is  also 
irritated;  1  lo  5  per  cent.,  causes  vesication  and  corrosion;  and  sensitive 
skins  may  become  inflamed  by  the  strengths  used  in  operations. 

Harciirials  in  Ophthalmology. — Mercury  preparations  are  used  in  a 
number  of  inflammatory  eye  diseases;  conjunctivitis,  blepharitis  and 
keratitis. 

Uydrargyri  Oxidum  flavutn  h  employed  most  extensively  as  a  ^q 
to  i^  per  cent,  ointment  (made  by  diluting  the  official  10  per  cent,  oint- 
ment— Pagcnstechcr's  Salve).  Hydrargyrum  Ammoniatum  is  somewhat 
less  irritating  and  is  used  as  t  to  10  per  cent,  ointment, 

CalamH  is  also  used  as  a  dusting  powder,  but  especially  on  vittrt. 

Mercuric  Cklorid  is  antiseptic,  but  verv  iiriiating  to  the  eye.  It  may 
be  used  as  1 : 5,000  to  i  :30,ooo.  with  boric  acid.  Subconjunctival  injec- 
tions have  also  been  employed,  but  tlicir  usefulness  is  doubtftil  (de 
Schweinitz,  1K95), 

Merctinals  and  lodid  on  Eye. — Mercury  compcunds  should  not  be 
applied  lo  the  eye  when  the  patient  i*  u.'ing  iodids;  the  very  irritant  mer- 
curic iodid  is  formed  on  the  conjunctiva  and  causes  severe  injury.  lodtn 
compounds  that  <Io  no)  ionixc  readily  (iodtropin)  naturally  produce  but 
little  reaction  (Grummc-Kohrde,  1014).  Bromids  behave  like  iodids, 
but  chlorids  arc  harmlov^  {Schloms,  1913)- 

Absorption,  Fate  and  Excretion.^ — Mercury  compounds  and  metallic 
mercury  arc  absorbed  readily  from  all  surfaces,  even  f^rom  the  intact  skin. 
All  of  these  channels  arc  used  thecapeulically.  After  their  absorption, 
the  mercury  disappears  rapidly  from  the  blood;  l>eing  taken  up  partly  by 
leucocytes,  and  deposited  in  various  organs,  especially  the  kidney  and  liver. 
Here  the  mercury  appears  to  be  fairly  firmly  bound,  forming  "  depots  "  from 
which  traces  of  the  metal  may  be  niobiUzcd  (or  six  mouths  or  longer  after 
discontinuing  the  administration. 

The  excretion  occurs  mainly  by  the  urine  and  feces  (Wcllandcr,  1886). 
These  take  a  variable,  but  on  the  whole  about  equal  share.  There  are 
reasons  to  believe  that  the  urine  pla^  the  main  part  in  the  excretion  o( 
the  organic,  the  feces  of  the  inorganic  compoumU  (Miiller,  .Schoeller  and 
Schraut,  1911).  The  excretion  begins  in  a  few  hours,  and  after  a  single 
dose  lasw  for  perhaps  eight  days;  after  long-continued  administration 
the  excretion  peivsU  intermittciitly  for  many  months. 
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Form  Df  AbmrpiutH. — Thecompoundft  undentocompIeichanKnintbcooamtfiyi 
abiorptlon.  Mitaltk  mrnury  peoetnln  mechanically,  by  its  tm&\y\  k  h  Mtff 
oxidiceii,  and  ibicn  behavu  a&  ihe  other  (uniu. 

Unciak  Mitt  form  soluble  organic  compouDtlsnilhibppruldu,  N»CI,  uA  iHlfc^ 

(Voll.  iftS7). 

Piilribulion  in  iJu  Bt>dy.—The  proportion  of  mcnury  Is  icrmtat  in  tlx  UdMJwte 
in  dc!tccDding  order,  come  the  liver,  tpleeo,  bile,  inleilinal  wall  <UUmAna.  i(^:AMfc 
■QiiJ.  Nnnc  is  proLrm  in  ihc  ncrvotis  lyitcm.  It  hu  been  rcparted  ia  tMcndfr 
spinal  Quid  (Conii  und  Zuicolu,  1906):  but  Laurew.  ton,  found  it  ahMnllnBtmntl 
treatment  and  lyiisoning.  If  tncrcuriol  vapor  hu  been  inhjicd,  the  metal  mi]tbtk»^ 
In  thcluniic*.  ThcdepeiMllonb  the  liver  UMld  to  be  learned  by  |)olaniam)od>l(Ito- 
«ntba1  :irid  Op[M'nbelin,  iqii). 

It  is  sometimes  found  in  the  placcata  and  in  the  cmbiyo,  but  probably  «!;  ilw 
very  Uigc  Antes,  whirh  muy  injure  The  v««mIb.  It  Is  claimed,  however,  Ihatmv*"^ 
ftyphills  mny  bv  Irciiled  by  mercurial  iDunclion  of  the  mother  (Jung,  toi^V 

The  distribution  of  mercury  in  acute  pmaoning  i*  di«cuuM  by  KatiB,  Sniit—  taJ 
Asdenon,  191 5. 

The  diMributioQ  of  aromab'c  mercury  «m|iouad*  is  ilacribtd  by  BtancilU  ••' 
Opi>eiifaeim,  1914. 

Minor  ChiiHiuU  of  F.urttieH.—ViHMt  Iraceaarc  Rcnerally  (oaDdbi  itebfeoW 
(Taehuii,  iqii;  Lambert  ami  Pulenon,  1915I,  saatric  (Ueb  and  Goodwin,  ■fiSlt*' 
intestinal  juice  and  saliva  llilerjiLurc  in  Almiiulil,  191)). 

Rati:  0}  Kittfthn. — Ilui:hulH,  lO'J'  fcund  thai  Ihc  excretion,  uiter  InUMwntii 
injection  of  mprcurj-  uhcylulc.  mis  greatest  on  the  foUowioj;  day.  With  lauwta* 
injectioo,  ihc  Krcntesl  ocrclion  (often  hnlf)  occurred  Hilhin  twrnly-foui  boon-, 

PotaMlum lodtd.  diurrllc^andsnealinKarela{dlobaatcee1:c^l'tM»1;but  ihrtfi'bll' 
evidence  tor  this.  Buchialu.  found  that  tlie  iodjd  rathet  deUyed  ibc  urinary  dialMUM 
of  mercurv. 

EMrttthnojf  ilrialsin  Cutp'i  .IfiVi^.— Lead  Isncrrted  latotlie  milk, but  Ilota0<«(^ 
antimony  or  zinc  (KuldeH'ljn,  1910). 

Varieties  of  Mercury  Potsoniog.-  These  may  lie  classed  undo  da* 
forms: 

(a)  Acule,  occurring  gcncra.Ily  from  the  abuse  of  mercune  dlaiiil,_ 
<hici8y  with  local  phenomena. 

(b)  Stiharult,  especially  in  ihc  therapeutic  use  of  cxceK&ivc  doaei. 

(c)  Chronic. — This  may  also  occur  medicinally,  bui  is  seen  ■  .         , 
in   indu&lrial   poisoning   (workers  in   mercury,   manufacturers  ol  lto»" 
momcters,  mirrors,  electric  lamp  bulbs,  felt  hats,  etc.)-     A  large  pKfKi- 
lion  of  those  exposed  to  mercury  are  aficclcd,  because  the  adherence  o(  tie 
metal  to  the  «kin.  and  Ihe  inhalation  of  i\^  vapor,  mtikes  protection  difficult 

nienomena  of  Acute  Poisomog  with  Mercuric  Salts.— The  iBUKdiM 
effecis  are  due  ti)  nMguUtioii.  irritation  and  supcrlicia!  cxMTOsioD,  ID 
which  mucous  mcniiirancs  arc  highly  susceptible.  There  is  an  astrinjrt' 
metallic  taste,  sallvalioni  burning,  swelling  and  a^hy  discolnfalJoa d  tbt 
mouth  and  pharj'nxi  thirst;  abdominal  distress  and  pain,  at  6nt  tv^ 
trie,  then  thfTuscd;  vomiting  with  white  or  often  bloody  mucous  intnt; 
sometimes  edema  of  llie  glottifi. 

The  primary  s>Tnploms  generally  yield  to  local  treatment,  indodiif 
abstinence  of  food  for  thirty-six  hours;  and  the  {>atieni  mav  bequiteMO- 
fortal)k.  Signs  of  mercurial  i^lomatitis  usually  develop  in  lureotjMM 
hours,  but  ate  not  especially  severe. 

Somewhat  later,  after  atuorplion,  the  large  inieslines  and  kldBNif* 
chicfiy  involved.  Within  two  or  three  days,  the  urine  shows  alotiafl 
and  casts,  .and  becomes  scanty.  Anuria  may  be  complete,  with  ■!<■'' 
within  a  week,  without  uremic  convulsions.  If  the  nephritis  b  m*  ^' 
trcme,  a  membranous  colitis  develops,  witli  d>'scnterj'  and  t«K«i»* 
ulcerations  and  hemorrhages^  and  hepatic  degenerations.  TtieK  p^ 
nomcna  may  only  appear,  and  prove  fatal,  »everal  weeks  after  Ucif 
the  poison  (Lambert  and  Patterson,  191 5). 
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The  circulation  is  affected  only  in  the  severest  cases,  with  a  fall  of 
blood  pressure,  probably  mainly  cardiac  (v.  Merlng,  1880),  perhaps  with 
some  vasomotor  involvement.  The  poisoning  then  ends  with  feeble  pulse, 
insensibility  of  the  skin,  coma  and  collapse. 

The  course  is  therefore  variable;  death  may  occur  in  a  few  hours,  but 
is  generally  postponed  for  several  days. 

In  case  of  recovery,  the  phenomena  of  subacute  poisoning  set  in:  neph- 
ritis, stomatitis  and  colitis,  as  described. 

If  the  poison  has  been  taken  otherwise  than  by  mouth,  the  symptoms, 
except  the  local  ones,  arc  strictly  similar. 

PMlmartrm  CAoni-fi.— The  mucous  mrmbrunes  are  of  an  ashy  color,  cnnsMtcd  and 
corroded.  The  kidneys  show  acute  nephritis,  oftvo  wiili  cnlcilicaliun  of  ibctpilheliuin. 
The  tcsions  in  the  colon  arc  indistinsuishsblc  from  ihosr  of  dysentery:  coagulation 
necrosis  with  liemurrha^^es  aixl  black  ulcerations.  In  expcri  menial  paboDinK,  dcKcnerfi- 
tive  changes  ore  found  in  the  kidneys,  much  kfs  in  the  liver  (Morel,  Mounguond  and 
Polieord,  1911). 

Tkt  tiseosU^i  e/  Iht  blood  (not  of  the  serum)  is  doubled  in  roercuHal,  lead,  and  phos- 
phorus poisonmt;  (Fanniichidis,  1911).  A  nrulrophile  hypa4ettcocytosu,  i*  a  conitsnt 
pheDoRienon  (Dnnzcllo,  IQ15). 

Toxic  Dosfi. — These  may  t>e  stated  as  follows: 

McrciirU  cklorid,  (or  children  0.18  to  0.6  Gm.;  for  adult*  0.8  Gm.  Recovery,  how- 
ever, has  occurred,  under  trcalmcnt,  after  z.j  Gm.     Opium  iisaid  lolcracn  the  toxicity. 

MercurU  cyanid,  which  produces  the  same  phenomena,  has  caused  severe  puisouinf; 
with  o.:s  Gm.  and  death  with  0.6  to  1.)  Gm.     A  cuw  is  described  by  Geltlcr,  1916. 

Calomd. — Even  targe  doses  ordinarily  priidiirc  only  diarrhea;  cuceplionally,  more 
severe  and  even  fatal  eHecls  are  recorded;  (or  children  with  0.4  Cm.,  for  udulls  with  7  to 
jGm. 

MeJallii  mercury,  which  was  formerly  given  in  jlcns  in  doses  of  100  to  500 Gm.,  usually 
pawes  off  by  the  feces  with  very  little  effect;  sometime*  there  is  diarrhea  and  stomatitis; 
and  exteplionally^  severe  and  even  fatal  poisoning. 

Rtlaiivr  Toxicity  af  Dijfrr/nl  Compoundi. — This  is  under  dispute.  It  is  generally 
believed  that  the  toxicity  is  proportional  lo  tbeioniiation.  and  therefore  great  est  with  the 
chlorid,  sucdnimid,  etc.  The  aromatic  compounds  are  much  less  toxic  (Abclin,  igii). 
With  mercuiisl  dyes,  the  toxicity,  and  the  elliciency  iigain&t  Bpirillosis,  are  not  propor- 
tional to  the  mercury  content  or  dissociation  (KlaResandSchrciber,  1514).  Schnmberg. 
Kolmer  and  RaJziss,  1915,  state  that  the  toxicity  lor  hypodcrmlr  and  intravenous  Injec- 
tion <lcpendi  prsclically  on  the  itieicury  contact;  and  is  essentially  alike  for  inorganic 
and  the  different  types  of  organic  compounds. 

Treatment  of  Acute  Poisoning: — The  ordinary  antidotes  are  raw  egg, 
milk  or  flour,  which  act  as  precipitants  and  demulcents.  The  resulting 
compounds  must  be  promptly  removed  by  emetics  or  lavage  to  prevent 
absorption  and  systemic  poisoning.  The  success  is  not  very  encouraging 
as  to  the  late  effects.  Lieband  Goodwin,  1915,  emphasize  repeated  lavage 
for  tremoving  mercury  excreted  into  the  stomach.  Lambert  and  Patterson, 
1915,  combine  this  with  continuous  rectal  irrigation. 

Fiinlus,  1916,  emphasizes  that  albumin  will  oidy  lie  o(  vuJue  if  It  isj^vcD  immediately 
•(ter  the  poison.  He  recommends  sodium  hypophoiphite,  i  Gm,;  water,  10  e.c.  and 
hydrogen  petoiid,  j  c.c,  per  0.1  Gm-,of  mercuric  chlorid.  Thiiithnuldbefollowcdby 
lavage  with  the  diluted  reagent. 

The  possible  vAlue  of  hydrogen  sulphid  has  been  invntigated  by  Subbatani,  1907- 
Sodium  phoiphilc  has  also  l>een  suggcited  to  reduce  mercuric  chlorid  to  calomel. 
Hal),  1^14,  proposed  potassium  iodjd  and  cuiniii  in  tevcrnBl  of  Meyer'*  reagent). 
This  might  have  some  effect  in  the  stomach,  but  naturally  not  in  the  blood  or  ttsaues 
(Barbour,  191 5). 

Subacute  Poisoning. — ^This  (as  seen  in  sequence  to  acute  poisoning 
or  in  the  ordinary  medicinal  use)  present*  especially  the  phenomena  of 
nephritis,  .^omalitis  and  colitis:  more  rarely  skin  eruptions.  The  stomach 
and  small  intestines  usually  escape. 
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Mercurial  yephrilis. — Some  degree  d  albuminuria  is  common 
in  ihe  ordinary  ilieraiwuiic  u^  of  mercurials.  U  is  attributed  to  _ 
excretion  of  the  mercury.  After  severe  intoxication  it  may  Ust  f or  jrcwi. 
It  is  mainly  interstitial;  althouKb  the  glomeruli,  siul  with  Urxe  deaa  tbe 
epithelium,  may  be  involved.  Later  the  kidney  becomes  drrbottc  Tk 
cbanges  in  clinical  subacute  nephritis  are  further  described  bv  tteur, 
1915.  The  acute  nephritis  is  chieSy  tubular,  with  polyuria  (Sdilinf 
and  Redingcr.  1007),  and  often  renal  (tlyc^^ria  (Franck,  ipts),  ibt 
lumen  of  the  tubules,  and  sometimes  the  epithelium,  may  coDtun  ajrSA 
of  calcium  carbonate  (Saikowslcy,  1866),  the  origin  of  which  u  dM 
explained. 

Slomatilis. — This  is  important  as  the  earliest  symptom  of  enmin 
therapeutic  u»  or  of  chronic  poi-soiiing.  It  occurs  about  as  readily  «bn 
the  mercury  U  administered  otherwise  than  by  mouth.  It  begin*  "A 
fetor,  then  metallic  taste,  soreness  of  the  gums  and  some  nlimin 
(ptyalism).  Thisisasfaras  the  therapeutic  use  should  go.  If  it  Isptdkcd 
further,  the  teeth  loosen,  the  edges  of  the  gums  blacken;  and  lliejr.lid 
later  the  tongue,  become  swollen  and  ulcerated.  The  irritatica  idI 
infectinn  cauiw  very  iievere  salivation  and  profn^rssive  exluustloft.  In 
very  ad^Tinccd  poisoning  there  may  lic  loss  of  the  teeth  and  necfctbi^ 
the  jaw. 

The  smceplibUity  to  itomalitis  varies  greatly  and  is  markedly  inJlixMrd_ 
by  the  hygienic  condition  of  the  mouth  and  teeth. 

Tbb  conforms  to  lUrnkvitt's  thcotr  lliat  ihr  blotnalill^,  as  trail  ai  the  coidU 
due  to  hydrogen  sulphid  produt'ed  by  putrEdction,  which  prtdpitaUB  ■NKunc  Nlfr 
In  the  npMI&ry  endolhdlum  of  [hc«r  fiiiuti lions.    The  ulivxioa  b  perhstK  ptHljl^ 
lo  ilireirt  irritslioD  of  the  Mlivary  raedianiun  by  the  mtTCuTy.    Giaal.  iqij.  RpfO 
degenerative  hisloIogEc  chingcs  of  Ihe  parotid  glaiid  in  tncrcurUl  polfoniB(. 

Treatment  of  SlomatUU. — The  stomatitis  is  most  effectively  prextole* 
and  treated  by  hygiene  and  care  of  the  teeth.  The  mouth  should  be  o 
tlie  best  possible  condition  Iwfore  mercury  is  started.  Hydrogca  pefOi» 
or  potassium  chlorate  (a  tablespoonful  >>f  ihe  siiturated  s^uiion  toaRUi* 
of  water)  slioulil  be  used  as.  a  mouth  wash  several  times  a  day.  tU  w_ 
of  tol»cco  is  said  to  be  injurious. 

Cauie  of  tht  SiomatUh  ani  CotUit.—T^tie  ore  Boierally  attributed  la  i 
duting  the  excretiun  of  the  metal.  Almkvbt,  1006  and  1911,  however,  [Niiais< 
thn-  HNve  no  rclaUan  to  the  eicielion  but  depena  npOB  (he  pretence  of  hydropa 
and  the  precipiuclan  ot  mercuric  sulnhld  which  can  be  ihown  chcnikially  in  Uk  cl,^^ 
endothelium  of  iheie  situations.  SimilaT  depcaita  and  irritation  can  be  P'M*'** 
experimentally  elscvrherc  by  exponiie  to  hvdrt^en  nulplud.  lie  therefore  ei(iU)M<>' 
proccM  as  due  to  bacterial  action  causlnit  injury  and  dnquamitiion  M  the  epltkdMBi 
and  the  production  and  absorption  of  HfS,  which  [irecinlates  Ibe  mercury  in  I*'  <■'■ 
itljric«  from  where  II  is  deposited  In  the  cndotbcliiim.  Ht«e  it  acts  a*  an  irrita*!  "*" 
disturb!  the  (unction  and  nutrition  of  the  vcmcU,  kadinx  to  nocroals.  Tbc  explatsM 
b  tartly  h>-polhelical. 

BitmLiih  .ilio  sivct  (imili^  pc«a|Hlatet  bul  ibcy  iie  mucb  less  IMh.  UmK* 
copwr  at<  not  SO  eosUy  pi«cipital«d.  , 

Hetaboliam.— The  enecU  arc  imperfectly  known  but  apfwar  to  Nsmhle  tlo*  * 
araMllc,  l«^<l  unit  riho<.phorut.  SmjU  dnoes.  therapeutica)]y  and  la  ■■<«n»l«,  elM  O*" 
eontiderablc  incrusr  «f  \i<eitki  (ful).  'I'her^  t«rpiatlri  arc  alw  laCTHMd  (ScUatalK 
18S4).  In  chronic  c.trhexia  they  arc  diminiihcd.  In  acute  poboninf  tWte  ^^z 
dycaittria  and  disappearance  0*  glyco«en.  On  the  other  liuia,  amcaiy  il  •««■■■ 
beneficial  in  di^Mti.  pmumably  of  syphilitic  origin. 

Chroaic  Mercuiy  Poisoning. — If  this  takes  a  slow  coutw,  thetr  •><• 

in  addition  to  the  subacute  symptoms,  iwrvous  and  nutritiotial  phei«a««t»- 
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>The  most  common  arc  tremor;  erelhUmun  (psychic  irritability  and  rest- 
lessiKaA).  iind  other  psycho^rs;  cachexia  with  anemia,  malnutrition  and 
muscular  atropliy;  bone  changes  (decalcification)  and  more  rarely  neurites 
or  parcscs, 

Treatmei^  of  Chronic  Poisoning. — Prophylaxis  is  of  the  first  impor- 
tance; it  is  doubtful  whether  treatment  materially  influences  the  course 
after  the  appearance  of  symptom.1.  Potassium  iodid  and  hot  baths  are 
generally  tried,  with  the  intention  of  hastening  elimination. 

PECULlARITifiS  OF  CALOMEt 

The  mcrcurous  or  "mild"  chlorid,  bccnuso  of  its  insolubility  in  water 
and  limited  solubility  in  the  alimentary  canal,  has  very  much  weaker 
actions.  It  i&  therefore  suiubic  (or  a  oithartic  and  intestinal  antiseptic. 
In  cardiac  dropsies  it  is  often  markedly  diuretic.  It  may  be  employed 
U  an  antisyphitittc. 

'  Solobillt;  of  Calomel  In  the  Alimeottiy  CuuL— CoJomtl  is  notditsolvcd  in  ihr^u- 
tiic  juico  ami  nunc  ii  .itiuirbed  frum  ttiu  stoniach  or  rectum  (NemMr,  1^06)1  but  it  i* 
attacked  In  the  iatolinct.  cipcxiuUy  in  \h<  ileum,  by  the  alkaline  pnncrcalic  nnd  inlnli- 
Bal  Juice.  Thrac  dlssoclixe  it  icio  mercury  (ihown  by  immediate  darkcninij).  and 
-  illq w  mercuric  audi  the  Intlw  distolvca slowly  and  incompletely  In  Ihc  nlkatliic  mtoii- 
Id  (T.  W.  Schaef«r.  iqio>. 

•nciioo  o(  Caloinel  and  Satt.--Minlhc  attributed  the  soluiioa  of  ctlomd  to  loter- 
vith  sodium  clilond.  formini;  mercury  and  mercuric  chlorld,  and  comples  double 
Similar  reactiaat  were  claimed  by  Joly  to  occur  tcith  hydiocblotic  and  dirk 

.  alkalies,  carbonates  and  suffar.    These  ruction*  do  occur  in  pure  ooluliom, 

<peciidly  at  hl^  tempcratum  and  with  cunceniriitcd  solutions;  and  to  some  txtent 
icvt-n  under  condidont  rewmbting  tbaic  □(  Ihc  body.  The  amount  dissolrcd  would  be 
'vcty  small  (at  most  i  I04  mit.  pero.j  Cm.  of  Calomel),  However,  mercuric  chlorid 
icould  not  exist  m  such  in  the  alkaline  intestine,  sod  the  chlorid  can  therefore  not  be 
Inwde  responsible  lor  Ihcsoluiloinofcnlnmel  <as  irutugKtsied. /.>'., by  Carraddo,  1006). 
1  lodidi,  bcomids,  suUocyanids,  thiosulphalts,  etc.,  diuolvc  brger  quantities  of 
KaloRieL 

I  CATHARTIC  ACTION  OF  CALOMEL 

This  may  be  referred  to  Uie  irritant  cflecis  of  the  small  quantities 
•of  mercury  which  arc  progressively  dissolved.  The  irritation  is  generally 
so  mild  that  it  may  l>e  employed  even  in  cnteriti.'^.  Some  patients,  how- 
.ever,  arc  hypcrsusccptiblc.  Ordinarily  it  produces  dark  green,  semisolid 
'Stools,  with  mild  colic,  in  about  ten  to  twelve  hours.  Laxative  doses 
idiminiffh  intestinal  putrefaction  (diminished  indoxyl  in  urine).  Larger 
fdoses  probably  favor  the  bacteria  by  lessening  the  intestinal  r^stance. 
1  Dc^ge.— This  is  relatively  unimportant,  because  any  excess  is  gcner* 
ally  expelled  before  it  is  dissolved.  It  is  customary  to  ^ive  either  a  single 
dose  of  0.115  to  0.5  Gm.  (a  to  7  gr.);  or  fractional  doses  of  15  mg.  (J^gr.) 
every  hour  until  0.15  Cm.  (al4  Sr.)  have  been  taken.  The  divided  doses 
(Insure  better  wlution.  Formerly  much  larger  doses  were  used  but  they 
'are  superfluous;  and  while  usually  harmless,  they  may  become  dangerous 
should  conditions  become  exceptionally  favorahfe  to  absorption. 
k  Calomel  is  not  suited  for  long-continued  use  on  account  of  systemic 
■Ctlons.  These  may  also  be  produced  by  large  single  doses,  if  they  are 
bot  expelled  in  the  usual  time.  It  is  therefore  ad\isable  to  follow  the 
calomel  in  six  hours  by  a  saline;  or  it  may  be  mixed  with  Ke^tn  of  Podo> 
Iphyllum  (5  mg.;  Kj  gr.). 

Calomel  should  not  be  prescribed  with  iodids,  bromids,  alkalies  or 

nic  substances. 
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Other  mercurial  salts  arc  sometimes  used  as  cathartics  bat  wiitot 
ftdvantiige. 

Bile-Sow. --This  is  not  affected  by  calomel.  The  oldtr  vien  » 
chol;igoguc  action  were  based  merely  on  the  color  of  the  utooh,  nUcfc» 
due  partiv  to  mercury  sulphid  and  partly  to  lessened  dccompoaiioo  of  (k 
ordinary  bile. 

The  Bbtenre  of  cboIoKojicue  action  Iihs  been  shown  with  biliary  HuaU  txpCHMMt 
by  numerous  invotigatoni  (Okoda,  1915).  Doyon  and  Dufouii.  1S97,  ■IsiAMd 
thill  (he  green  citlonicl  kIooU  occur  even  if  the  bile  ii  prcvcninl  from  Rvktafltr 
intestine*.  The  rAlc  of  t1)c  antJH'jxic  eflret  )k  shnwn  by  tocubatiiiK  thl  Iflt  «ilt 
caiomcl,  when  the  green  color  ptrMiii  much  IcintiGr  ihoo  with  pure  Ule.  ]ita(t 
however,  cUinix  that  calomel  utooli  do  not  contain  bilivtrdin. 

Mtchanlcm  of  th«  Cathartic  Action.— This  is  due  to  a  local  tfltct.  bnl  llNn  w 
dtfTerencn  of  opinion  «i  Coils  mechanism.  It  1:1  generally  attributed  simply  to  irriitM 
and  X-ray  work  shaw»  that  pcri»talm  it  incrciucd  in  the  small  and  lorp  iMoiiia 
(Meyer'Beti  and  Cebhardt,  1911);  but  Fleckwder,  iqii.  belie^-es  that  oImmI  •I" 
prevents  the  absorption  of  water  in  the  small  intntine.  directly^  and  by  qn>cttw<  tit 
pauARC  of  the  contents.  The  cathartit  it  prevented  by  atrapia  or  opJun.  It  bw> 
ufluenced  by  the  preMnce  or  abKnco  of  bite  (Vuleri,  ii>og). 

Cilomei  probably  acts  mainly  on  the  duodenum,  and  much  kucn  tbecolw. 
do(M  may  thereforeonlytveep  the  duodenal  conicnts  into  tbecolon,  irithent 
a  BtooJ.    Large  doses  produce  ftriplnjc  and  tenetmus. 
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Calomel  Dltirests. — Adequate  doses  are  sometimes  remarkably 
in  cardiac  dropsies.  The  effect  is  uncertain  and  docs  not  usually 
in  health  or  in  olher  dropsies.  The  mechanism  \s  not  ilcfiniiely  expbiofd- 
It  is  a  heroic  remedy,  requiring  large  doses  and  gcfKrally  prodadnj  bM™- 
tion  and  diarrhea.  Caution  should  be  used  in  nephritic  at  defailiUK^ 
patients. 

The  diuretic  eSect  of  calomel  in  cardiac  dropsy  i»  said  to  have  been  wdl  kw»»  " 
the  physicians  in  the  Inttcr  half  of  the  eighteenth  cenlur>'.  It  was  used, /.i^  by -tin 
MuiUD.  However,  it  fell  into  neglect,  and  was  practically  rcdbcnvered  by  jcaddaA  )• 
1ES6.  lie  found  It  effective  mainly  in  cardiac  dropsies,  (n  which  it  pradutcd  "^ 
far  greater  than  could  be  obtained  with  digitalis  or  caffein.  The  arioe  wta  oilea  i>nM^ 
to  7  or  .S  I.,  a  day.  The  absolute  amount  of  urea  and  cblorlds  was  atefMHT 
increased.  To  obtain  the  beat  eflfecls,  0.1  Gm.  wa«  given  from  four  toBvclian*faf> 
until  a  slight  mercurial  itomatitb  was  tirnduced.  If  thii  did  not  prove  <0Kt!n  '■* 
the  start,  the  remedy  was  disconllnuetl;  it  also  Mems  wi»e  to  intermit  It  neni*nlf- 
The  bowels  may  be  reffulated  by  opium.  Jt^ndriuik  remarks  that  tlieeabtl'WMf 
relatively  or  (|uite  inefleclive  when  the  heart  disease  is  nncomntlcatrd  bjr  di'l"* 
!t  was  also  incfTecitve  in  pteuHlIc  exudates.  En  ntittirlllc  eSustons,  and  la  itMif 
individuals.  This  remrl  gave  riie  to  extensive  trials  ot  the  drug,  The  rwailnl  *• 
wcresummoiixedby  Iciidritlik  in  iRoi,  together  with  further  otMcrvatioaaiariV'^ 
ments  of  his  own.  Hit  previous  conclusions  concerning  the  beat  mclhod  o(  »<bI»JH^ 
tion.  and  the  usefulness  of  calomel  in  cardiac  drupaiM  seem  to  have  bMB  |W*y 
confirmed,  at  alto  the  rel.ilive  ini^ufiicicncics  in  non-droprical  heart  diMMd  b  ^M"* 
exudates  nnd  in  normal  iadividunli.  It  seemed  to  be  dightl^'  diuretic  fai  iW  tog 
but  the  action  can  never  coroporc  with  that  seen  in  cardiac  droiwiea.  It  wasoHnif^ 
cITcclivc  in  hepatic  ascites,  but  failed  frectucnily.  It  gave  nood  roMlls  la  »mW* 
of  nephrjiic  edema,  but  in  most  Instances  xa^■c  no  Trsult;  It  seemed  irapMsfUt  Mfw" 
what  i  t  would  do. 

The  theoretioU  objectloni  to  the  uscof  so  powerful  a  rciul  irHtaiU  m  ■■11^ 
nepfariiis.  were  early  emphariced,  espedaSy  by  Coha,  iSSj,  and  supporUd  by  '"■'^ 
■cat  obicrvaiions.  It  was  claimed  that  there  is  a  ^■er)'  marked  tendciwry  to  ownT"" 
symptoms,  anil  that  the  nephritis  is  often  made  wotm.  Tbe'greatcr  ninnl-er  nf  nhirnw- 
mwever.  liold  the  opposite  view,  vix..  that  calomel  <Soa  not  reodet  "  '  ■  '^ 

whether  it  ho*  a  diuretic  action  or  not.    This  is  defended  by  Jendrft'  "^-^ 

18*9.  Schild,  189J,  reported  three  (iitc*.  in  which  hedalras  that  a  iiiutti»  trfw;^ 
obtained,  together  with  a  lessened  pet  cent,  of  albumin;  the  daily  outpulalpMOMt^ 
unchanged. 

Rrietly,  It  teems  certain  thai  the  dOMS  ol  calomel  wUch  are  advocBUd  lun  •'*'' 
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pr(N!uc«(l  dbuminuiU  ui  noimol  individuaU,  taut  ihe  quMlIoB  of  thdr  eflect  on  ftn 

(Idling  ncpbiilui  U  not  sufEdcnUy  invent iRd I cil  lo  sdroit  of  a  deduve  answer.     Great 

coDscrvali>m  io  il*  cmplojrrocnl  u  IhcrcCurc  indicated. 
{         The  BUcAiiiiMiH  tf  Ikit  talomfl  diurfjii  h  not   undcrslond,  DoiwiiliUuDdinj-   ibo 
I  tovAtigBlion  of  Jcndiiulk,  of  Colinilcin,   iSq],  and  of   Vcjux-Tyiodc  ind  Nclion, 

ipoj.    Fleclutder,  191  >,  finds  thai  nil  mctcurycompounds,  by  ijlmeibodsof  admlnbtrB- 

ifon.  produce  a  diuretic  effect  in  rnbbit^.     He  believw  thnt  mercury  Icueas  absorntioo 

of  food-wnler  from  the  imall    inlndna;  the  water  would  ihercfote  roach  tbe  large 

tatciitincs  in  excesilve  nuaniity^  and  when  absorbed  from  tliii  place  would  act  as  a 
i  dJuretk.    Tbe  ciplftnutloa  is  not  Bltogedicr  tAtisfKctory;  /./.,  il  doci  not  explain  tlie 
I  abcolplioD  of  cxudutcs. 
'        ffydrrmia  in  Cjlomd  DImreslt. — FlccIiMdcr  found  the  blood  of  rabbits  bydreoiic. 

This  would  speai:  ajtalnst  the  dlurr»ii  brioft  of  ren^l  or!|tin.    In  man|  however,  the 
I  re*till*  appear  confuied;  in  dropuw,  hydremia  occuircd;  but  in  health/  individual*  Iho 

blood  bccfline  concentrated  by  tnc  diarrhea.    I^rin,  191 1,  reportt  the  vucoitily  incrcaied 
\  lodependCDtly  ol  diuretb.    The  diuretic  action  o(  mercuric  chlorid  has  been  studkid 

in  tobbiis  by  Fenon,  loii. 

Infiufnet  ef  Other  Anici.— The  dlurcci*  i»  (iurptcwed  by  Atromn;  this  would  favor 

Flecluedci's  explanation; but  opium  whkh  alMlMMnit  pcrisiulsis  incrensod  llwdiuresb. 

SdMu^rodsky,  loii,  found  il  surpmsed  by  ether  or  morphin.    £sce*sive  dosos  ot 

metcary  also  produce  anuria. 

The  constituentsof  the  uHae  after  calomel  has  been  studied  by  K>  Fl«y,  190A. 

HBKCDRY  nt  SYPHILIS 

The  anlisyphilitic  effect  of  mercury  was  discovered  about  1500,  very 
soon  after  the  dUcuvery  of  th«  disease;  according  to  Rhaenodaeus,  it  was 
fiirst  used  by  one  Jacobus  Carpcnsis.  "  whose  use  was  so  successful  that  he 
presently  became  rich  thereby."  Till  the  pre«nl  century,  little  further 
advance  was  made  in  its  employment,  which  remained  entirely  empirical. 
It  was  not  known  whether  it  acts  symptomalically,  or  as  a  general  tonic; 
or  whether  it  really  atTect-t  the  causative  agent  directly;  whether  il  merely 
relieves  or  actually  cures.  lu  aSects  had  to  be  judged  CDtircly  by  the 
.n^mptotns,  which  in  syphilis  are  extremely  subject  To  spontaneous  varia- 
Uons.  The  proper  dose,  as  well  as  the  time  ancf  continuance  of  its  admin- 
istration were  therefore  regulated  only  by  caprice  and  prejudice.  ThLi 
empiricism  was  revolutionized  by  the  three  important  discoveries:  of  the 
Treponema  pallida  aa  the  causative  agent;  of  its  transmissibility  to 
monkeys  and  rabbit;;  and  of  its  more  definite  diagno>is  bv  the  Wauer* 
mann  reaction.  Through  these  discoveries,  it  was  |)ossible  to  establish 
that  mercury  act.'*  directly  on  the  Treponema.*,  and  not  merely  on  the 
sympiom-s;  that  like  all  chcmo-lhcra]H-utic  agents,  it  must  be  used  as 
early  as  possible,  energetically  and  persistently;  and  that  U  so  used,  it 
can  effect  a  perfect  cure. 

Antfluetic  Agents.  —  Experiments  on  monkeys  (Ncisser,  etc.)  have 
shown  tlial  mercury  eradicates  the  disease  in  the  presymptoroatic,  in  the 
active,  and  in  the  latent  sUigcs.  Organic  arsenic  is  similarly  successful, 
and  acts  more  rapidly,  fodids  also  have  some  effect,  but  arc  much  weaker. 
Tltdr  clinical  etGciency  in  tertiary  syphilis  must  be  by  some  other 
mechanism . 

Importance  of  Early  Treatment. — It  was  formerly  taught  that  mercury 
should  be  puslpDncil  unii!  tin-  onset  of  the  secondary  symptoms,  so  as  not 
to  interfere  with  the  clinical  diagnosis.  This  consideration  became  super- 
fluous with  llie  introduction  of  the  laboratory  methods.  It  is  now 
recognized  that  the  chances  of  complete  success  arc  the  greater,  the  earlier 
the  treatment.  This  .Otould  be  started  as  soon  as  the  diagnosis  is  made. 
If  the  administration  is  delayed,  or  if  it  is  not  sufficiently  energetic  and 
relapses  occur,  treatment  becomes  much  more  difficult  and  requires  larger 
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doses.    In  syphilitic  aortitis,  nercury  nrety  gives  more  tluw  tcmpoiur 
nlid  (Longcopc,  1914). 

Abortive  lireatment— The  site  of  suspected  infection  should  be  *»• 
infected  and  dressed  with  an  ointment  cont^iining  33  per  cent,  of  olcatl 
or  0.3  per  cent,  of  sublimate  ("Neisscr-Sicbcrt  Ointment").  ThisilMtld 
be  followed  by  systemic  Ircatmcni. 

Systematic  Treatment— Formerly  mercury-  was  administered  nptcl- 
antly.  intcrmittt-nily  or  continuously.  Il  is  now  recognized  tiat  cht 
treatment  should  not  depend  on  the  symptoms,  and  the  expectut  WM- 
mcnt  is  therefore  of  no  use.  The  intermUtent  treatment  (Fournier'))  ■«• 
based  on  the  premise  that  the  syphilitic  virus  acquires  an  immunity  tolk 
continued  adminiitl ration  of  mercury,  and  tltat  its  susceptibiliiy  b  t^ 
established  by  occasional  intcrmittencc  of  the  treatment.  TbcrtifO* 
proof  for  this  assumption;  but  the  method  seems  to  fpve  the  best  diokal 
results  (perhaps  l>ecause  it  permits  a  higher  temporary  conccntnliH  d 
mercury  than  could  be  attained  with  continued  administration;  inchwa- 
therapy,  the  concentration  generally  counts  for  more  than  the  linerf 
exposure).  The  interrupted  methoci  also  lends  itself  better  loconbitt* 
tion  with  Salvarsan.  The  two  metals  probably  attAck  the  pftraslcint 
different  way;  at  least,  they  seem  more  etTectivc  together  than  «e(Minldf> 

In  the  intermittent  metliod,  the  mercury  is  gi\'en  to  slight  ptytliss, 
in  courses  of  five  lo  six  weeks'  duration,  with  intermissions  of  one  Uw 
months,  for  at  least  one  and  a  half  years;  or  longn-  if  the  disetM  it  ml 
eradicated. 

Whatever  method  is  used,  it  should  be  aimed  to  introduce  tlie  mMua" 
of  mercury  ihal  the  patient  can  tolerate;  somcllung  like  2  GnM  B| 
during  the  first  year,  and  i  Gm.  in  the  two  succeeding  years.  The  rtUtiw 
failure  of  the  older  methods  may  be  attributed  to  insufficient  dosact: 

If  metfLsyphilitic  lesioDS  have  set  in,  mercury  is  of  little  tiae,  Ml 
early  energetic  use  is  the  best  preventative  of  these  lesions. 

Oral  Administration.— This  is  probably  the  most  congenial  metkod 
the  patient;  but  it  is  difficult  to  introduce  sufficient  mercury  on  acrMBt 
of  the  local  action  on  the  digeiitive  canal.  The  patient  is  al-w  uixlrt  k** 
perfect  control.  It  has  therefore  been  largely  superseded  by  the  taira* 
muscular  method,  but  may  be  preferred  under  speda)  condition*.  It  i* 
a  continuous  method;  l>cginning  with  a  small  dose,  this  is  increased difr 
by  about  10  per  cent.,  to  tenderness  of  the  gums.  The  dose  is  then  rcAo" 
to  one-third  or  one-half  and  continued  at  this  point  till  the  end  d  ^ 
treatment.    The  usual  preparations  are,  in  order  of  preference: 

Hydrargyri  lodidum  Flavum  ("Pralo^odld"). ..  .0.01    to 0.5      Gm.  (Ht«i  P-)- 

Hydrargyrum  cum  Crcta 0.0$    too.!     Gnu  (1  WIFJ-  . 

Hydrartyti  Chloridum  Cotroiivum ouooj  too.oij  Gm.  {\{f  to  HP' 

(These  deMt  three  timet  dBEIy). 

Iminctioa. — Although  effective  quantities  of  roercuiy  can  be  lot'*' 
duced  by  this  method,  the  dosage  is  always  uncertain.     Inunction,  o"*" 
over,  is  time-consuming,  dirty  and  disagreeable,  and  difficult  lo  toPj 
secret.    It  has  a  special  field  in  the  scconwy  cutaneous  tesions,  wb*r«  •" 
must  have  a  local  parasiticide  effect. 

Inunction  is  performed  by  rubbing  about  a  Gm.  of  Ung.  Hydruffl^ 
into  ihe  skin,  until  it  is  entirely  absorbed.  This  is  repeated  every  nP|' 
on  a  different  skin-area  (to  prevent  local  irritation,  especially  of  '''^ 
iolliclcs),  making  the  tour  of  the  body  in  six  nights.    The  seventh  dp' 


s  hot  balh  iri  s-tilvtiit tiled,  snd  so  on.  The  course  lasts  for  four  tn  six 
weeks.  Inhalations,  fumigations  and  plasters  an  obsolete  methods  of 
introducing  mercury. 

Intramuscular  Injections. — These  permit  the  introduction  of  the  inaxi> 
mum  o(  mercury,  with  relatively  slight  gastro-intcstinal  irritation  (although 
it  may  be  doubted  whether  the  slomaiitii*,  colitis  and  ncphriti.*  are  le«« 
severe  than  with  oral  administration).  One  of  ihc  chief  advantages  of 
injection.^  i»,  that  they  keep  the  piitient  under  more  elTeclJve  observation, 
and  permit  a  better  control  of  the  quantity  of  mercury  introduced.  The 
disadvantages  are,  that  the  absorption  especially  of  the  insoluble  prepara- 
tions is  variable;  and  that  the  injections  arc  more  or  less  painful,  often 
with  destructive  Icaons  in  the  muscles  (Kobcrtwn,  1913).  These  are 
unimportant  practioiUy.  With  the  soluble  prepar.ations  the  fxiin  List* 
some  hours  or  longer;  with  the  insoluble  several  days.  Of  these,  calomel 
is  the  most.  Oleum  cinereum  the  least,  painful.  The  ])ain  may  l>e  lessened 
by  injecting  i  cc.  of  1  per  cent,  novocain  from  the  same  syringe.  The 
injections  arc  made  deep  into  the  gluteal  muscles. 

The  prtparalions  untd  Jor  inlramiucular  injf (lions  fall  into  two  classes; 
according  to  whether  they  are  absorbed  rapidly  or  slowly.  These  have 
distinctive  uses^ 

Thf  Easily  Absorbable  Injecliom. — These  include  all  the  Kilublc  salts; 
and  the  salicylate,  which  is  insoluble  in  water  but  is  dissolved  by  sodium 
cblorid  or  carbonate. 

The  soluble  preparations  act  more  promptly,  the  dosage  is  under 
better  control,  and  there  is  less  possibility  for  cumulative  action;  the 
effects  arc  correspondingly  less  persistent,  and  the  injections  must  be 
repeated  at  more  frequent  intervals— every  day  to  every  third  day.  -They 
are  usually  employed  in  i  per  cent,  solution.  Mercuric  chlorid  Is  quite 
irritant.  The  bimodiJ,  dissolved  in  3  per  cent.  Nal  is  a  good  form, 
The  cyanid,  oxycyanid,  oxybfnzottte  and  succinimid  arc  also  relatively  non- 
irritant.  The  average  daily  dose  is  about  i  c.c.  of  i  per  cent.  (=  o,ot 
Gm.,  }^  gr.),  in  courscsof  five  to  sin  weeks' dumi  ion.  The  treatment  may 
be  intensified  by  beginning  with  t  c.c,  increasing  slowly  to  3  or  4  c.c, 
(0.03  to  0.04  Gm.).  or  until  mild  ptyaltiim  occurs,  when  the  dosage  is  re- 
duced so  as  to  keep  the  patient  just  short  of  salivation. 

Aftrcvric  salicylate  is  employed  as  10  per  cent,  suspension  in  oil  or 
liquid  petrolatum  in  the  dosage  of  1  c.c.  It  causes  very  little  irritation, 
since  the  mercury  is  not  ionized  (not  precipitated  by  HiS).  Asurol  is  a 
soluble  double  salt  of  mercury  oxysaUc>'late  and  sodium  amido-oxy-iso- 
bulyrate.  It  is  injected  as  5  per  cent,  solution,  1  c.c.  (0.1  Gm.)  two  or 
three  times  a  week. 

Tfie  fnsoluble  Injections. — ^Thesc  are  used  with  the  purpose  of  establish- 
ing "depots"  from  which  the  mercury  may  be  gradually  absorl>cd,  to 
that  injections  need  only  be  made  at  weekly  intervals.  Urdortunatcly  the 
absorption  of  these  depots  is  not  controUable:  Sometimes  "nodes  '  of 
unabsorbcd  mercury  remdn  indefinitely;  and  again,  their  absorption  may 
occur  suddenly,  and  give  rise  to  severe  poUoning.  Schamberg,  Kolmer 
and  Raiziss.  1915.  claim  that  only  about  i  per  cent,  of  the  injected  mercury 
is  absorbed  per  day,  and  that  50  per  cent,  may  remain  unabaorbed  after 
ax  or  seven  weeks. 

The  convenience  of  the  insoluble  injections,  however,  seems  to  oSset 
these  occasional  accidents,  which  may  aUto  be  somewhat  discounted  by 
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judgment.  The  method  is  at  present  one  ol  the  most  important.  Thr 
thief  preparations,  are: 

Caiotnet,  lo  per  cent,  suspended  in  oil,  i  c.c.  twice  weekly;  lint  a 
conitidered  one  of  the  most  active,  but  a  painful  method. 

Oleum  Cinerctim  (gray  oil),  a  40  per  cvnt.su*i»enMon of  metallic mrrcuiy 
in  oil.  This  is  the  most  slowly  absorbed  of  the  mercurials.  The  injettiocs 
(}^  c.c)  are  therefore  spaced  a  week  apart,  and  after  five  injectiotu  an 
intermission  of  five  or  six  weeks  is  made  to  discount  capricious  absorptioD; 
five  further  weekly  injections  are  then  siven.  (Semiweekly  tnjectiou 
of  )^  c.c.  may  be  siihslitutcd  for  the  weekly  injections.) 

AbsBTplion  from  Inlramusailar  InJKlions. — The  mercur>',  in  wlatcret  (arm  il  b  Id- 
tiaduced,  nets  on  the  ptotctnx  to  lotra  albuminates  <i(  mercury.    Ttrnc  are  ttnadtf 
chemotactic,  And  ntlracl  Icucocyiri.    Some  of  these  arc  killrd,  tui  uthcrs  iskt  op  u« 
mercury,  ^specialty  in  tbcir  nuck'i,  uuii  distribute  it  throuKh  the  body:  it>  foal  ttke 
bcine  the  same,  as  with  other  mct-hodi  oi  adminiilrntion  (CoBti  and  Zufcola,  1906; 
Lombardo,  lou)-     The  tiuanlilaiive  excretion,  however,  b  very  capticioas.     Tit 
slill  much  uncertainly  as  to  the  relative  ntiiorbability  of  the  different  prcparati 
Walltisch,  191),  finds  that  the  solubjlily  of  the  prcparaliont  U  of  RubordiBalcin, 
tancc;  but  that  all  inorgsnic  salts  arc  absorbed  and  excreted  much  lew  na^ljr  thaa  ^ 
Ottjanic  salts. 

Qnantity  oj  Mtrtury  Inlrodwed  by  ike  Difrml  Preparaiimu,~''T^At  may  be  1 
from  the  following  tabic  (ad;i()icd  (riitn  Nciswr,  ion): 
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Inttavenous  Injections.^Theae  were  rttommenfled  bj*  Baceiti,  189*.  and  an  Mid 
in  jcvcinl  clinics.  However,  they  preicnt  unnic  danger  of  mtoricattoB  and  cmbc4iiK, 
at  least  in  incxricHenccrt  hands;  and  a  lar|{(r  part  of  the  mercury  b  exctcttd  w  proOBl^ 
that  it  probably  has  little  eSctl.  Mercuric  chlorid,  iodid,  or  cyanid  ii  incd.  la  1 
per  cent,  solution,  i  to  j  c.c.  daily  or  even-  tceond  day,  injected  into  a  tupcHkit)  un 
vein,  with  gtasj  syringe  and  plnlinum-lrKlium  nrcdle  (Crume,  190S),  SUnSu  iais'- 
lions  have  b«rn  tried  in  puer|wral  infections  (Borsony,  1009). 

Spinal  Injections  of  Mercurialiied  Serum. — This  was  introduced  by  Bnaca,  igu> 
and  is  end<>rsi?d  by  Ireland  and  Wilson,  igi;,  against  ccrcbro^ai^bial  aypbdla,  ai  mh| 
about  equally  successful  and  safe  as  the  Swtfi-Ellis  senim.  It  has  the  adrubci  Atf 
the  serum  may  be  kept  on  hand.  It  ii  prepared  by  nddinf  1  ex.  o(Oi.t3p(rc(at.ao- 
euric  chlorid  to  la  c.c.  of  normal  human  or  horM  struia,  hca(iD(  10  gri.  for  aae4ilf 
hour.  This  gives  a  clear  solution.  This  dose  (double  would  be  safe)  it  injttted  ij 
gravity,  at  body  temperature,  after  withdrawing  ccrebriMipinal  Sutd  till  ila  pmaaR* 
so  mm.  E.  L.  Hunt,  1916,  also  reports  cncouraf^ng  retullt.  HaD,  CulberUoavl 
Slaght,  i9iC>,iJi-Mribc  the  renctioni following  theintrospinalinjectioo.  Theyarruii^ 
nut  serious. 

Inhalation  o(  Mercury  or  Calomel  Vapor. — TbU  h^s  been  ahnndoned.  nsdyt^ 
cause  oF  the  uncertain  dosage.  It  iil»o  produce*  marlccd  pulmonary  hypcrcniia  [Rao 
and  Hesse,  1914). 

Organic  Mercury  Compounds.— On  Intmveaous  injection  these  produce  ai  M 
characteristic  acuic  "molecular"  anions,  dislinrl  irom  those  of  nuicary;  and  •*•* 
are  .ibsenl  when  they  are  absorbed  more  gradually.  The  mcrcary  tStetx  Ml  !■  M)m 
mercury  U  split  ofl;  the  inlrnsity  ot  action  depending  on  the  n*£aas  of  ihtaHitfitiwi, 
and  on  ihc  rapidity  with  which  the  molecular  form  i»  cicrtlcd  (P.  Mudkt,  Schodta 
and  Srbraul,  1911). 
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Combined  Arsenic  and  Mercury  Treatment.— This  is  generally  con- 
sidered to  give  the  btsl  risults.  lis  itrincipU-  U  to  bring  ihe  palient  rapidly 
under  the  induence  of  the  quickly  acting  Salvaisan,  intravenously;  then 
of  Ihe  more  absorbable  mercurials,  and  then  to  keep  him  mercurialized 
with  the  leis  absorbable  compounds;  repeating  the  Salvarsan  at  intervals. 
Salvarsan  is  given  on  the  first  dny  and  repeated  al  the  end  of  a  week  and 
again  in  a  month.  Inlrarauscular  injections  of  absorbable  mercury  (iodid, 
I  salicylate  or  Asuroi)  arc  muite  during  the  first  two  weeks;  insoluble 
^mercury  (calomel  or  gray  oil)  from  the  third  to  the  wxth  week. 

SxUy  aD(l  l^ikdenlhal,  iQt  s,  detcribe  prvmuing  mulls  from  intravenous  or  muKulu' 
InjNtioiu  of  k  mcrcuty^aracnfc-iodid  combination. 

Continuance  of  Treatment. — When  the  above  treatment  is  used  (or 
when  it  is  modified  by  the  omission  of  the  SaK'arsan,  or  by  using  a  »ngle 
mercurial),  a  Wasscrmann  test  may  be  ma<le  at  the  end  of  the  first  course. 
Even  if  this  is  negative,  the  patient  can  not  be  considered  cured,  for  re- 
lapse would  be  the  rule.  An  intermission  of  six  weeks  should  be  given, 
then  another  six-weeks'  course  of  mercury ;  preceded,  if  desired,  by  a  Salvar- 
san injection.  After  a  two  or  three  months'  intermission,  a  Wa-vtermann 
test  may  l)e  made.  If  this  is  positive,  the  course  must  be  repealed;  if 
negative,  the  question  of  cure  may  be  conadercd.  Generally,  however,  it 
will  be  safer  to  repeat  the  courses  at  lengthening  intervals,  during  two 
years. 

Contraindicatioas  of  Mercury. — Caution  should  be  exercised  in  weak 
or  anemic  individuals,  tn  albuminuria,  during  digestive  derangements, 
and  in  diseases  of  the  mouth  or  teeth.  Pregnancy  is  not  considered  a 
contraindication.  It  is  safer  to  begin  treatment  with  small  dosc&,  since 
some  patienU  are  h>'pcrsusceptible. 

Vegetable  Antisjrph^ticB.— The  prejudice  ngainit  tntKUiy  bu  led  to  the  latrodac- 
tlon  ot  d  mimbri  uf  vi-KC-lablo  "iiltcralivcs" — K<hinai:es,  Phj^kCea,  IrU,  Sana|Mf&la, 
etc.,  but  tfarir  usrlnsacss  is  attested  erven  by  n-odcrn  eclectics  (Hilton,  1909). 

HBRCCRY  m  TUBERCULOSIS 

This  mu  A<lvi»e<l  by  B.  L..  Wright,  but  llnrtji,  1910,  found  tbe  ultinmte  reiultt  detri* 
nwatal  and  never  bcncficinl. 

PRKPAKATIONS— METALLIC  UERCtJUY 

B^nuiyrum  (HydrarK-).  U.S.P.,  B.P.:  Mtrtitry  ((^aicktlivtt):  Hx.-~A  fluid,  dU 
var-wnllc  nnvy  metal.  It  a  used  only  in  Cnely  divided  form,  u  in  tbe  foilowing 
preparations: 

'ByJrarryruM  cum  Crrlt)  (II>-dtsra.  c  Crcl,>,  U.S.P.,  B.P.;  Mercury  with  Chalk 
(Cray  Powder). — Conlaiiu  3S  per  cent.  o(  Hp.,  U.S.P.;  33  p«  cent.,  B.P.,  with  hooey 
and  chdic.  A  lisbi  gray.  rntJicr  damp,  tweetub  powder.  tJKd  especially  to  tecurc  the 
(onttiiuiionnl  ecieet  o(  [nercur>'  in  infantfle  vphQis.  Dose,  0.15  Gin.,  4  gr.,  U.S.P., 
niuivHtrnt  ti>  about  ».t  Cm.  of  metallic  men;ur>';  0.06  to  0.3  Gm.,  i  to  5  gr.,  B.P.; 
dupenud  in  powders. 

Emf.  llylrarg..  B.P.— j3  per  cent.  o(  Hb-  in  'cud  l^tcr  bue.  Used  against 
KUndulnr  ciilunccmenli,  etc. 

Lilt  llydrais..  B.P.— 50  per  cent,  of  tJng.  Hydrarg.,  with  aounoala,  In  Camphor 
Lioimeni. 

*Jlfd>id  llydroTtyri  (Mass.  Hyilrarg.],  U.S.P.,  Fit.  ByiraTt..  B.P.  (Blue  Mua,  Blue 
PHI).— 33  Pef  <:<ut.  o(  Hg.  Dost.  O.JJ  Gnx.,  4  gr.,  U.S.P.j  o.ij  to  0.5  Cm.,  4  («  &  V-t 
B.P.    OmU  simiUrly  lo  Calomel. 

'VntHtntum  HyifartyriiVilif.  Hydrvg,),  U.S.P.— joper  ccdI.  of  Hg.,io  Suet  and 
Lard.     Used  for  inunction. 
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•Pitj.  Hydnrf.  Dil..V.S.l'.:  i' nt.  Ilydrare.  B.P.;  (Blue  Oiiiin»eoi).— jo  pw  1 
o(  Hg.,  in  Suet  undl.aril  (with  pctroTalun,  U.S.P.)-    Oacd  t^pcciallyassinMi 
paiasilcs. 

fng.  Hydratt-  Co.,  B.P.  (Scatt*«  Dreiclng).^!!  percent,  d  Hg.  «nd  of  Cudf^m. 
Used  in  synovitis,  etc. 

*0(«UM  Ciuereum,  B.P.C.  (Gray  (XI).— 40  per  ceUL 

PREPARATIONS— INSOLUBLe  UERCUROOS  COUPOONOS 

*IIydnrsyri  ChtoTMium  Mile  (HyiJrarc.  Chtor.  MiL),  t'.S.P.;  Uydwartyri  Smttibf 
idum  (Ilydrarg.  Subchlar.),  B.P.i  Mild,  Mcrcufout  Clilorid  (CnlORiel,  ProtocUorid  el 
Mcrcur>');  UgCl— I-ine  white  jwvidcr,  odorle&i  aod  lutdeM.  PncllcaJljr  inMl.  ia 
water  or  ale.  Infompaiibif.  with  alltftlics)  oxidlxing  oddi;  iodid*  and  brooikb;  *aA  >ilk 
B  mixture  of  sudium  blcurbonuto  a.iiJ  aiitlpyrin  (J-'^-^'-^->  S^  •>^7  (191  ■).  Dmm,  M 
laxative.  0.15  Gm.,  jH  S'*:  ""  Alterative,  15  mg..  H  E^'i  U.S.P.;OiA3  to 0.3  GiB.,}4la 
S  gr,,  B.P. ;  is  powder  or  tablets,     Matimutn  dose,  0.6  Gm.,  10  gr. 

Pit.  llydtaTg.  St^cMor.  Co..  B.P.  (Plummer't  1*111).— 11  per  teat,  o(  Hydra/s.  Sob- 
chlor.;  ii  pcrccnt.ofAniim.  Sulphur:  43  percent. of  Guaiac  Re*,  ifcn'.o.js  too^j  Z^., 
4  to8gr„  B.P. 

Ung.  llydrorg.  Siibcklor.,  B.P,  (Calomel  Ointmtnt). —  '^P" cent.,  in  Bciu. Lard. 

*llydraf£yri  lodidiitn  HiiPuw(ll¥dnirg.Ioit.nav,).U.S.P.;  Yellow MeicuwtBlody 
(Mercurous  lodidi  Pioloiodid  of  Vlrrcury);  Hgl. —  Bright,  yellow  amovpbotu  poadn. 
without  odcir  01  tdste;  almoit  insut.  in  water,  wholly  iniol.  i&  ale.  Ob  cipMni*  U 
light,  it  darkens  by  dccoinpoxition  into  mercuric  iodid  and  metallic  mercuiy.  /•■ 
tonpalible  with  oxidizing  sgtDlg,  ulkulies  und  carbonates,  cblortd,  bnxnidt  aad  iMfidL 
Do!C,  10  mg.,  fSgr..  U.S.I'.;  maiinium  dote. 0,0s  Gm.,  igr.  ''G'tm  l<>4id"iitntBil^ 
gous  Mil  preparei!  by  a  different  method.     It  ic  taid  to  be  teui  polcot. 

Letio  Hydrari^yri'Sigta  ILot.  Hytlrar>(.  Niir.j,  B.P.;  BUrk  Mercurial  Lotioa(BlMt 
Wash). — .\  suspension  of  mcrcuroui^  oxid,  obtained  by  mixing  0.68s  Un.  o(  Cllo«afl 
with  9s  c.c.  of  Lime-water  and  5  c.c  of  Glycerin.  Cicd  on  venereal  Mro^aad  l««l 
ulcers. 

Hall,  (hilbcrtson  and  Slnght,  igi6,  describe  the  reaction*  foUoniiiiE  the  i 
inJectioD.    They  arc  usually  not  tciious. 

PREPARATIONfi-IN'SOLimLe    HERCUKIC    COMPOUNDS 

Bydiargyrum  /tmmnnialuM  (Hydrarg.  Ammon.),  (J.S.P.,  B^.;  AuiiilJiWil 
Uetcury  (White  I'rctlpustr)-.  X HtHg CI.— White,  smotpbou*,  JBMhible  po«4«. 
obtained  by  precipitating  HeCI^  with  ammonia.  RFpreMKta  aboat  80  per  Ot  Hf 
Initaling  and  nut  used  internally.  Em|.<1oy('<l  eilcmally  ayainst  CCKOa  and faoMK 
■kJD  diseases,  especially  pcdiculi,  a^  dustini;  powder,  but  chicty  at: 

'Unt.  Hydrarg.  Amnuin.,  U.S.P.,  10  per  cent,  in  woolfat  and  wUttpatRlUw 
(U.S.P.). 

'Uhi.  Hydrarg.  Ammon.,  B.P.— s  per  €«nt.  in  Beaa.  LanL 

'Ry3rartyriOxidumFlapi.m  (Hydrarg. Oxid.  fTav.J.  U.S.P.,  B.P.;  y«ttowMMa«lt 
Oxid;  HgO.— Light  .irangi-ycllow  »morphous  powder,  luraing  darker  on  aptmntt 
light.  Odorless;  somewhat  mi^tallic  lute.  Nearly  inaol.  la  water  or  ak.  iMM> 
patibU  with  adds.     Mniimum  dose.  0.03  Gm..  H  V-     Applied  cUc0y  aa: 

'(/is  Hydratt.  Oxid.  Flav.;  U.S-P,,  10  per  cent.;  B.P.,  t  pet  C«Bt.— It  i> ■«** 
ophthalmology  against  inflammations  of  the  lids  and  con/uncllva,  bcfati  tSlated  via 
pcirolalum  so  ns  to  contain  1. 10  to  1  per  cent,  of  the  oxid.  "  Pagnutecbcr's  OiMneat" 
contains  4  per  <ent. 

Letio  tlydrargyn  PUtva  (Lot.  Mydrarn.  Flav.),  B.P.;  Yellow  Ucrcodal  Lrtm 
{Vellow  Wish). — .\  suspension  ol  mercuric  codd.  obtained  by  miziof  9^6  llfOk  "*^ 
100  lime-unler.     U»cd  as  application  to  venereal  sores. 

Ilydtariyri  Oxidiim  Rubrum  (Hydrarg.  Olid.  Ruhr.),  U.S.P.,  B.P.;  Red  HtKafK 
Oxid  (Red  Precipitate),  HgO. — Orange-red  crjstJillineKttles  or  powder.  BtMMr**^ 
grilty  character  it  can  not  be  used  uu  the  eye,  but  iU  OiaUMat  ia  cfBfilared  h  A» 
disea^s,  etc. 

Vng.  llydrart.  Oxid.  Ruhr.,  B.P. — -lo  per  ocnt. 

OlfiUum  Hydrargyti  (Oleat.  Hydrarg.),  U.S.P.— Made  hy  dboolvfaif  15  ptf  c^' 
of  yellow  merruric  oxid  in  oUic  add. 

HydraTf.  OkiU.,  B.P. — 20  per  cent,  of  Mercuric  Oxid  in  Oleic  Add. 

(/»(.  Uydraig.  Okai.,  B.P,— 15  per  cent,  of  the  (Meat. 
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PREPARATIONS— SOLt'BLt    UCRCL'XtC    COMPOUNDS 

'Uydraigyri  ChUridum  Cotresivum  (Hydrate.  Chlot.  Core.)  U.S.P.;  Rydnrtyri 
PtTcHiiridam  [Hydtaig.  Perdiloi.).  B.P.;  Corrosive  Mercuric  Clilorid  (Corroiiit  Sul>. 
limatci  Bichlorid  or  Perchlorid  ol  Mercury) ;  HgClj.— Heavy,  mIoiIck^i  cr>»taU  or  wliito 
puwder  uf  tcrid  mcUUic  taste.  Slowly  sol.  in  water  (i:ij.s,  freely  sol,  inulc.<i  -.xA), 
to\.  in  glyc.  (t  :  ti)  or  eth.  [i  :2ij.  llssolubilily  in  increased  by  Ammonium  or  nxHuin 
ehtorli]  and  tartaric  or  citric  add  ("SnI  Alembrolh"— i  part*  l!g(-'li,  i  part  NaCO, 
Inrompaiibk  with  alkalies  and  carbunatc»i  iodids;  many  nlknloidb  and  otiicr  ortia&ic 
compounds  nnd  reducing  agents.  Dost,  j  mg.,  hio  ?■■■•  U.S.P.;  a  10  4  tnt^,  Jjj  lo  Hb 
gl.,  tip.     Manimuni  dr-^e,  jo  mg.,  ^j  g(. 

Lig.  Hydrarg.  PctchluT.,  B,P. — o.i  per  cent.     Dosr,  i  to  4  C.C,  M  to  1  dlftin,  B.P. 

*ToxilabelIa  llydrartyri  Chloridi  Corrosiri  (Toiitab.  H^drarf;.  CWor.  CoTr.) 
U.S.P.;  Poison  Tablets  of  Corrosive  Mercuric  Chlorid  (Corronve  Sublimate  Tablet*; 
Bichlorid  TableL«).^In  order  loeuard  ajiainst  aecidcnis.lhc  U.S.P.  dlrccta  these  lablcTs 
to  be  of  an  angular,  not  disk  shape,  each  having  Ihc  word  "Faiion"  and  tbe  skull  and 
cross  bones  design  distinctly  st.Tmpcd  upon  it.  Each  tablet  conlatni  not  leu  than 
0.4s  Cm.  nor  more  than  0,5s  Gm.  <i(  HgCli,  and  ab<iul  0.5  Om.  of  NaCI,  and  1*  lo  be 
colored  blue,  preferably  iviih  sodium  indicolindisultibcinalc.  Poison  Tablets  ul  Corro- 
Nvc  Mcteimc  Chlorid  shoidd  be  dispensed  in  sccurtly  stoppered  gluM  containers  on  the 
exterior  of  which  is  placed  a  red  label  bearing  the  wuid  "/"oi.iwn  "  and  aitatcrnent  o(  Ihc 
amount  of  corrosive  chlorid  in  each  tablet.  A  tablet  tos  pint  of  water  makci  an 
appro lim at cly  1  : 1,000  dilution. 

Ilydtatg.  Cyan.,  N.N.R.;  Hg(CN),.— Sol.  in  water  (i  ;  IJ.8)  or»lc.  (l  :  ij).  U*od 
like  Hydrarg.  Chlor,  Corr,    Maiimum  dose,  so  mg..  ,4  gr. 

flydrarg.  Oxyryan.,  N'.K.R,;  Hg(NH),HgO.— Sol.  in  water  Ci -17).  U»ed  like 
Rydnirg   Chlor.  Coir:  said  lo  bt  less  irriliilicig  and  docs  not  corrode  metaU. 

^Hydrargyri  lodUum  Rubrum  (Ilydrarg.  lod.  Ruhr.),  U.S.P.,  B.P.;  Red  Mercuric 
lodid  (Riniodid);  Hgli. — Scarlet  red  powder,  odoilesa  and  tailcleiE.  Nearly  inuil.  in 
water,  slightly  sol.  in  ale.  (1  :  115);  rendered  sol.  in  water  by  llie  picsrncc  ul  (oiir-Alths 
its  weight  of  KI  or  Nal.  Incompatiblt  with  alkalies  and  carbonates  and  alkaloid*. 
thjf,  3  mg.,  Ho  P->  U.S. P.;  i  to  4  mg,,  Vsj  to  VfoS^'i  "-P-  Maximum  dose,  30  mg., 
H  Rr- 

L'ng.  Ilydrarg.  lad,  Ruhr..  B.P. —  4  per  cent. 

'Falassium  Mercuric  Imlul.  N.N.R.;  KiHgli,— This  is  usually  made  a*  eslempo- 
raneous  solution,  by  diFsolving  llt;It  or  llgCI]  in  excess  of  Kl  It  :4).  For  intra- 
muscular  injection,  the  corresponding  sodium  salt  is  preferred  (Hglj—t;  Nal— j; 
Water  =  100). 

i'Liq.  Arsm.  El.  llydrarg.  loS. — See  Indei.) 

Uq.  Hydrant-  Nit.  .\cid..  B.P. 

£/«{.  llydrarg.  Nit.,  U.S.P.,  B.P.  (Citrine  Ointment}.— j  per  cent,  of  Mercunr, 
dlasolvedin  Nitric  Acid,  and  diluted  with  Lard  (anil  olive  oil,  B.P.).  UMdasanllupttc, 
irritant  and  caustic. 

Vrtg.  llydmri.  Nit.  Dil.,  B.P. — 10  per  cent,  of  the  Ointment. 

'H^rarfyri  S'llkylas  (Hydrarg.  Salic),  U.S.P, — .\  compound  of  mercury  and 
salicylic  acid  containing  about  s;  per  cent.  Hg.     While,  slightly  yellowish  or  slightly 

K'nkish  powder;  odorless  and  tasteless.  Nearly  insol.  in  water  or  ale.;  sol.  in  alkalies, 
rming  a  double  salt.  IncompalMr  with  alkalies.  Dose,  4  mg.  f-f  s  S'-  U.S.P.;  intra- 
muscular, 0.6  C.C.  of  10  per  cent,  suspension  in  liquid  paraffin  every  four  day*.  Maxi- 
mum doi«,  10  ntf  ■■  H  V- 

Rydrarryri  Suednipiiduin  (Hydrarg.  Sucdnim.),  N.N.R. — Sol.  in  water  (1  :Js); 
slightly  sol.  in  ale.  fi  :  joo).  Past,  10  to  i;  mg..  5<  to  >i  gr,;  Intramuscular,  as  to 
1  C.C.  of  i.jpercent.fduly.     Relatively  non -irritant. 


LEAD 

General  Statement.— The  lead  salts  precipitate  proteins  and  therciore 
act  as  local  asiringenis.  Their  acute  tonicity,  however,  is  low.  They 
are  fairly  easily  absorbed  but  very  slowly  excreted,  so  that  ihey  lend  lo 
produce  cuintilalive  effects  and  chronic  poisoning.  This  is  a  common 
disease  with  characteristic  sjTnptoms:  Nutritional  and  structural  chanfjea 
(anemia,  etc.);  paroxysmal  colic  (stimulation  of  the  nervous  mechanism 
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oi  the  intestines);  "drop-wrist"  and  other  mu^ular  paralyses  (diKti de- 
pression of  the  muscle) ;  central  motor  st tniulution»  (ircmore, "  ailhnlpi  'l, 
psychic  changes  ("enccnhalopathia");  etc.  On  withdrawal,  these  pk- 
nomena  generally  recede;  but  the  putient  is  apt  to  rcmaia  in  bid 
health.     Prophylaxis  is  more  important  than  treatment. 

Astringent  Actions. — Lead  acetate  and  subacctatc  ("lead  mitt") 
produce  more  astringent  and  less  irritant  cSecls  than  other  »olul)le  mtul- 
lie  .<alt9.  They  are  effective  in  diarrhea  and  catarrhal  inflammklii**: 
but  they  are  so  liable  to  produce  chronic  poisoning  that  ihey  dwuld  nmt 
be  used  internally  nor  on  open  surfaces;  an<l  even  on  the  skin  tbti;  or 
should  not  be  long  continued.  "Lead  and  opium  wash"  h  u>cd  in  jupn- 
Gcial  contusions.  Saturated  alcoholic  solution  of  lead  accliic  ii  o 
peciallv  cITectivc  in  Rhus  ("Ivy")  poisoning.  Emplastrum  PI 
"Diacnylon  plaster" — acts  as  a  mild  irritant. 

ACDTE  LEAD  PO!SOH!HG 

Thl«  it  ft  rather  rare  intoxication,  generally  proilucc4  by  the  kCcUte  oi  tul 
•omeUmca  by  the  c»rboniite  («hi(c  lenlj.  The  phcnomenit  arc  at  &nt  Utai 
immediBlely  <lan(:e^ou^,  but  they  arc  generally  {ollon'cd  by  chronic  poiMmini:. 

The  best  treatment  it  the  ailmini»tnition  <■(  some  tidublc  lulpttAlc  (nwipiuhli* 
Bodlum],  wliich  may  tavv  an!mal»  from  several  times  the  falfti  <lo«e  (Oiutn.  <tMl 
Tannin,  milk  and  c|;^  may  also  be  umkI.  The  itoroacb  rmi«t  then  be  wuhetftMt 
cnlharcii!  nilminittcrcd.     Calk  i:i  treated  »ymptomati(alIy, »» in  cbrank  pnlMUtiC' 

Phenomena  of  Acui«  Poisoaln|:.— There  u  finl  a  swrei.  then  dbaxrceabl)  tatnar 
and  a>trinji;('ni  tusii;.  In  a  (eu*  minute>>  somelicaet  in  Mvcml  bour*,  there  h  iWi<>l 
{which  is  often  milky  irith  lead  chlotid),  bumins,  abdocninal  pain  and  thinl;  Ibi 
obstinate  constlpailon  or  diarrhea  with  black  slooU  [lead  sulphlo). 

Severer  csms  iliow  colkpie  with  slow  pulse;  or  muscular  cramp*  atkd  c<&.  Fud 
OMS  paw  into  coma  mUi  «r  without  convuluons.  The  fatal  dott  tta  thon  Sfi  ^ 
PiMtmonem,  there  Is  little  cliarsct eristic,  except  the  local  ailrinsent  changea. 

htoil  paticQin  recover,  apparently  completely,  ia  two  or  three  daysi  but  after 
weeks  they  show  the  phenomena  at  chronic  polMninit  (alMi  animals  Uauwe,  : 
Application  to  the  surface  (lead  wsKh,  Diaehyton  plaitcr)  hai  rarely  if  i  1 1 1  i  wd 

BiiwriinK  (PaeHler,  iSq4).     rHacbylon  jam  (at  abortifacieni)  bavepnmalofc 
all  and  Kanmm,  1906;  W.  V.  Warner,  J90;), 

ABSORPTIOIf 

AH  lead  compounds  arc  absorbed  slowly  but  unmistakably;  chiffiyfw* 
the  alimcnlary  tract,  but  also  from  the  lun([s  and  tissues;  and  with  Ions' 
continued  use  even  somewhat  from  the  skin  (Lewin,  1S83). 

The  akin  la  probably  t)ic  leaM  Imnortaat  chiaad.  It  probiUy  plajn  m  p«n  !■ 
indiiitriul  noiionins.  The  lunfis  are  also  of  subordinate  importance,  tneiai!kitye|l|* 
lead  dusi  lieing  due  to  swalloWing  rather  than  to  inbaUtioo  (Carliun  and  Wo<M 
ItHS. 

Abtiorbability  of  Different  Compounda  (Cf.  A.  Hamiltoti.  i9>i)- — Tha  b  laini'M 
cnt  ol  thdr  solulillity  in  viler.  !.ead  carbonate  and  eves  lead  MiIpbateaf«diHa<a 
fairly  readily  by  the  u<l  of  the  gastric  Juice.  Alkalies,  Includloii  milk,  dimktih  tkirf» 
tion  (Carlwn  and  Woeliel,  1911).  Alkalieaof  the  coocentialion  of  the  paacnatk u' 
tatefttiaal  juices  convert  lead  sulphate  into  carbonate  and  lead  carbonate  fnwaabu'i 
of  neHtrat  and  basic  curboruite  (Auerbacb  and  Vidk,  toij).  Lead  i*  abo  renduadiih 
Ue  on  the  bronchinl  mucou.  Premmablv  it  forms  Mlnble  ptotdtt  comblnallMB.  i'* 
auiphid  vol  supp'^'cd  Ui  bclnabsorbable.  nut  Woelfri  and  Carlson.  (914  ibowid<kail<i' 
ab»orbed  Rulfinently.  e\-cn  from  ore*,  to  be  danKUoua.  Tbe  toiid^  Of  the  vaiboa  ^~'' 
plinents  is  revtcu-ed  by  A  Haniilton,  igij. 

XETEirnOH 

Lead  ditoppeam  rapidly  from  tbe  blood  (the  greaier  part  in  teu  than  1 
ofter  iniravenouii  injection:  Diuht,  190T).    The  main  pjrt  i*  deposited  b  ibti  . 
(Koberl)i  mo»t  in  the  kidneys,  then  the  bones,  thee  the  liver  oimI  olWgltMbttia'li 
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!  bniii,  stripnl  itnd  imoalh  mu«clc  and  I  lip  lilood.  It  nay  be  retAinctI  (or  ytam  aad 
ideiDOOtttabledl  limciin  tbeuciiir.  In  chronic  p<tttoaingo(doKi,  it  cittU  in  tbe  liver 
I  a  firm  globulin  oomblnBiion  <Riva.  tgij). 

EZCRETIOn 

I      This  occurs  mainly  by  the  feces  (smail  and  Urge  intestines  And  bile), 
ftnd  lo  a  lesser  extent  by  the  urine;  traces  also  by  the  saliva,  »west  and  milk, 

'      All  i*  excreted  in  oiiruui:  combination,  excqtl  the  unabiorb«ti  fraction  in  the  feves 
^rlenmcyer,  tgi j).     Ttic  skin  ii  ufUBlly  crr-iiircd  wilh  some  ricrccioa  because  il  give* 

he  black  colot  nf  lead  sulphid  when  painted  with  ammonium  lulphid:  but  Miura  found 

hat  tUt  depend*  llmply  on  the  adherence  nf  lend  to  the  tkin. 

CHROniC  LEAD  poisonuto 

This  is  very  common  on  account  of  the  extensive  industrial  use  of 

HUl  and  iu  indefinite  storage  and  cumulative  action.    The  lead  act» 

independently  on  the  blood,  nutrition,  muscular  and  nervous  structures; 

[and  it  i.t  dlliicult  to  separate  the  direct  and  indirect  actions.     Similar 

iphcnomcna  may  be  produced  in  animals. 

Sources  o(  Chronic  Load  Poisoning. — Over  a  hundred  indiuirial  procntea  u«e  lead 
'pt  one  oi  it»  aolta,  and  the  workers  in  ibese — paiatem,  dyer*,  lyjic-selters  and  type- 

Efoundcn,  ptumbcrt.  etc — arc  the  moit  frequent  suSecera  of ler  leud  miacrs  and  the 
irorkinKmen  In  while-lead  and  tcd-lead  factories.    Artisans  workinc  wiih  Ir-.til  pulnt* 
are  by  lai  the  mott  common  victim*.    Automobile  factories  furnish  numerous  %iciims. 
t     Compiehcnsive  icvico's  of  industrial  lead  poinoning  arc  ^ven  by  A.   Hamilton 
notterlw.  ioi};paInten'  tradn,  tt)\y,  kad  nmculnx.  tui4). 
r_  The  occurrence  of  chronic  lead  poiioning  is  by  no  means  confined  to  the*e  srtiiau. 
^te  metal  iiao  widely  dittiihutcd  that  every  one  is  to  Mme  extent  exposed.    Some  of 
e  ways  In  which  poi>ooinc  bai  occurred  ate  rather  surprising.  /.(.,  by  hah  dytt. 
The  Mnoke  and  fuma  from  lead  factories  contain  ouite  a  large  amount  of  the 
eta).    This  is  deposited  on  the  soil  and  on  the  surface  of  plants,  and  ii  also  taken  up 
to  the  tUsuc*  of  the  latter.    Cases  of  pc^aoning  have  bnn  reierie>l  lo  Ibe  milk  o( 
bows  fed  on  thoc. 

The  AnJi  frtim  orchards  that  have  been  sprayed  with  lead  arscjuie  rontains  (iB««a 
M  lead  (SonntuK.  lois);  put  probably  not  sulaclcnt,  ordinarily  to  be  barmlul. 
I  The  danger  (rum  Itid  V!Ottr  pip«s  has  been  much  ioiiirov^led. 
I  At  present  it  ucinfi  to  be  accepted  that,  if  perfectly  pure  water  is  allowed  to  flow 
khrousn  bright  and  clean  lead  pipei,  poitonini;  rtsulla  invariably.  In  this  ca»c  the 
kurface  of  the  lead  is  changed  into  a  hydrate  (Clowes,  1901).  and  thit  ii  ^uQicicnIly 
poluble  |o  cauie  the  intonication.  Bui  Ihc  danger  i*  very  much  less  with  old  lead  pipn 
■»  ordinitrily  u^d;  lhc»c  have  become  lined  with  a  layer  of  lead  oxid,  PbO  +  Ph. 
flliH  is  quite  insoluble,  and  does  not  readily  form  a  hydrate.  The  solubility  is 
fDCiea»ed  by  oxygen  and  ulta,  cspedally  by  nitratn  ([''ortner,  1905),  but  even  by 

rl^iatcs;  it  is  diminished  by  carbonic  add  and  carbonates  (Paul,  etc.,  1900). 
Ordinarily  lead  iiipei  noutd  IbcrefoFc  ^reient  but  liltle  danger.     But  even  then,  if 
!  water  U  allowed  to  stand  a  long  lime  in  the  pipes,  lomc  solution  ts  bound  to  occur. 
I  account  of  this  danger,  Jotd  pipts  skouU  be  cenitmnrd. 

The  enploynicnl  of  lend  vnsils  fnr  (oobing  should,  oE  course,  be  entirely  discorded. 
Timmrd  tetitU,  especially  lin  cans,  usually  olio  contain  a  certain  amount  of  lead  tn  the 
older.  If  Ihe  per<«ntat:e  dues  not  exceed  a  certain  limit  (to  oer  cent,  for  solder.  1  per 
eol.  for  tin  plate)  the  lead  seems  so  brmty  combined  in  the  alloy  as  lo  prevent  its  solu' 
ion  even  by  moderately  add  liquid*,  such  as  vinegar.  If  it  exceeds  this  quantity,  a 
trtaln  amount  wJIi  be  dissolved,  and  will  exert  lis  toxic  action.  The  addition  of  some 
1  is  also  necessary  in  lin-Joil,  such  as  is  used  (or  wrapinng  articles  of  food,  to  make 
:  tin  workable.  Here,  al«>,ii  is  harmlcM,  if  It  docs  not  exceed  a  certab  limit.  Lead 
Biers  into  theglaiingof  oiffAntmira  v«sicls,an<l  Is  contained  In  many  varietiea  of  (lau; 
but  if  it  cxiits  entirely  in  the  form  of  nlicate  of  lead,  it  preaenls  no  danger.  All  tbete 
«ls  may  be  easily  teated  wilh  sufficient  accuracy  by  allowlag  vinegar  or  dilute  acetic 
I  to  aland  in  them  for  tweaty>four  boon  tad  then  pasting  a  current  of  sulphuretted 
Togen  through  the  liquid.  If  there  la  ao  ptedpltatc,  the  amount  eJ  lead  b  below 
f  dangeroua  limit. 

SI 
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It  i*  KiDicwbiU  peculiar  Ibnt  ItnJ  Inditli  ia  it  wuuai]  do  iMl  uttuUy  »mo  Io  ( 
lew]  aciiun.  They  probably  become  oxidiMd  in  tuck  a  way  that  bom  of  Um  aeil  k 
nbsnrbed.  Howwer,  with  unall  »hot,  which  often  a  lar^^e  Mirface,  irvtral  tma  d 
•cvcrc  and  fatal  poinonini;  havt  bocn  reported  (CurtilUt  and  Lombaid,  141 1). 

lodirldiud  Susceptibility. — Tlierc  is  do  a«iulr«d  icJcronce  to  lead,  bul  tht  uivd 
lutccptihility,  vnrici  greatly  ox  concern*  the  time,  iieveiitv  and  symptom*  of  pdMitai 
Thnc  ilillctenccs  depend  jMitly  on  personal  and  factory  nyficnc,  portly  MdwMKti 
ol  abKirptian  and  e:icretii>n-,  on  general  health  and  Tesbtnnce;  and  other  uakSMal 
Ion.    AnemU  and  alcoholiim  are  believed  lo  increase  lusccptilHtity. 

Th«  quantity  t'j  lad  treniitj  lo  prcMlucc  poiMdnt  it  not  dcfislirty  kaomi 
vary  with  (he  luuepliljifity.     Bruuurdel  bellcvn  lut  poiioniDK  may  result  btaii 
tag.  per  dav;  othcn  nlacc  it  much  higher.    Goertnei  cluina  that  •ymploiM  oRV  ll j 
man  only  Alter  f^everal  moiilha  wilha'liitly  iriKrttiiino{4ta7aiC.,in  InrMtoibut) 
if  the  d^ily  dose  is  60  mi;.  (Mu<i;i:c  and  HeStcr,  191 1)- 

Tk<  Itnfiht  ofczfotntc  varies  greatly;  from  a  week  or  le»,  upward. 

Chaiscteristic  Symptoms  of  Chronk  Lead  Poisoning  (Cf .  Alice  lUnl-^ 
ton,  1913)' — Thrsc  iiuv('  iL  slow  iiiicl  v;i(i;iii'  hcgiiitiinii;  iirnl  run  itn  iirejsUf'" 
and  intermittent  couisc,  with  paroxysmal  symploms  and  rccurrctCK. 
They  may  develop  only  some  monlliH  after  stopping  work  vilb  kad 
They  lire  quite  independent  of  the  channel  of  introduction. 

The  first  sijum  are  rather  indefinite  manifestations  of  bad  baltb:. 
Pallor,  disproix)rtionate  lo  the  anemia  (spasm  of  cutaneous  ytiaiaT 
Uad^ine;  foiU  breath,  bad  taste,  caries  of  the  teeth,  gingivitis,  oftw^ 
chronic  parotitis.  Anorexia  an<i  various  digeslive  disturbances:  Sjims. 
vomiting,  diarrhea  or  constipation.  Loss  of  dcsh,  especially  in  the  chtdi 
Recurrent  attacks  of  weakness  and  trembling;  inereasinf^  hit  oj  sift^fik 
spots  before  the  eyes,  itching  of  the  eyelids;  rhcumalk  paint. 

There  is  caehexia,  with  the  skin  dry,  gray  or  sJightly  icteric. 

Blood  Changes. — ^The  liemoglobin  and  red  coipttsdes  are  dininiiht^  | 
The  latter  contain  basophilic  granules,  staining  with  metbyltor  blot 
This  "stippling"  is  an  important  early  and  almost  constant  <llign«ix 
sign  (van  Emden  and  Kleerekoper,  1904);  although  the  basophilic  pu- 
ules  may  occur  also  in  other  anemias,  and  are  sometimes  abKDt  io  kt|- 
poisoning.  Many  of  the  corpuscles  arc  destroyed,  producing  icterus  w 
widely  distributed  "hemosiderin."  Schnitter,  1915,  attributes  ihtblo^ 
changes  to  injury  of  the  bone-marrow,  involving  also  tho  leucoblulir 
tissue. 

The  Leail-iint. — ^This  consists  in  a  slate-colored  margin  of  the  p** 
where  ihcy  meet  the  teeth.  It  is  one  of  the  earliest  and  most  coiutaij 
ugna,  and  occurs  al.w  in  animals.  It  is  due  to  the  precipitation  ti  bU 
swphid  (Rugc).  Similar  lines  arc  given  by  Insmuth,  silver,  mercury,  !«•• 
and  perhaps  other  metals.  It  may  also  be  simulated  by  charcoal  iMi^ 
pow<lers. 

Otket  Gtnrrai  Phaumcna  occur  later:  Fatly  Jtg*n*faliaiu  in  the  kidneys,  Uxt  m' 
other  Kland«:  and  b  the  laiinui,  ICMUng  to  Mtritneltroiii, 

Gent,  with  urate  depoalta  slmflar  to  tboee  ol  true  Bout,  but  always  t«iit«lai<|  "V* 
lead. 

fitfikriiii  is  common  in  acute,  and  Invariably  pretcnt  in  chronk  potwalag  jf* 
prlmufily  vaaculor,  (ollotred  b^  epithelial  dcfteaeration,  deposltioa  ol  caktaap"*: 
phate,  ojkI  finally  drrbosis  (Bnght,  1S17).  Tbe  uric  ackl  sad  non^ratciii  pltn^M  * 
■he  blood  arc  increatcd  (Folb  and  Denis,  i9ij). 

The  urine  flow  and  chtorid*  art  dimtnished  duiins  the  coUc,  increaMd  alUf  Ik  •>' 
tack  (Nistico,  1914):  the  urinary  nitrogeti  incrcues  during  the  acute  attadn^  ^  <^ 
add  is  said  lo  be  diminished  duHoft  attacks  (Goetxe,  tft^jT-  ,. 

Fragnaacj. — Lead  always  excrtii  an  unlavotnbic  infliaeaoe  upon  P'^C"*"^)'' .'r 
number  of  mucarriafea  in  women  alTrclcd  by  lead  polaoaiag  ia  very  urfei  aMtfU* 
cUldfca  bon^  by  far  the  largat  proporlioo  die  during  tbe  ftnt  year  <M  UJe  (Ucpk  i("'' 
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PUunbism  ol  Father  on  Offspring.— The  clinical  cvUeacr  h  quite  skndct.  Sterility-, 
'■lill-birlltf,  and  <-4ily  di-jth  oi  thr  childrcci  nrt  commoti  dioical  occuirvncn.  U  ihc 
children  survive,  ihcjr  aie  puticuJuly  liable  to  vuriou.';  neivoui  ft^ectiang  (Adami). 
ExpcficncntiU  (eedinx  of  Imd  ac«t&tc  to  nialu  rubbtlt  und  (uwl  also  result  in  troallcr 
,i>Ef»priiig  of  low  viuJiijr  (Cole  and  BftcUiubct,  1QI4).  Wcller,  i9i('>gi5.  contirfneil 
this  OB  Ride  guinea  piga,  fiiuBng  iteriUty  or  reduction  of  birth-rate,  varlj-  deuih  of  the 
ictus,  and  espcdsUy  retarded  developcnent  (underweicht),  which  pcrniu  thrAugb  life. 
''  Gradual  reoovoy  dccun  if  the  adminlitratiort  oi  the  lead  it  flopped,  lndlcailii( 
Itliat  Ihc  deleterious  action  Is  confined  to  the  maturInK  cells. 

Boa»-iiujTOw  Cbanf[««. — Yhwc  corfespond  to  those  nroduced  by  metcuty,  iron, 
[phosphoriM:  And  mnny  inTcciivc  imd  vaxiing  diseucf.  Tncy  ate  perbans  secondary  to 
•aemia.  At  fir^t  three  Is  murknt  Increase  of  leucobl&stic  celb  with  disappearance  of 
;iat,  and  somctima  with  modcratr  hyperemia;  then,  gelatioous  degeneration  uid  atrophy 
'Cf  tlie  whole  m.iiiow  tjstgc  (R.  Stockman  and  Chartcris,  ID03). 

Later  Special  Symptoms. — These  are  highly  characteristic,  iMit  may 
•iakt  various  forms;  in  onlirr  of  frequency;  Colic,  urthmlgia,  parnl^'^s, 
nephritis,  cerebral  symptoms  and  ancstiicsias. 

Colic. — This  is  preceded  by  continued  minor  digestive  disltirbanccs; 
pressure  sensation  in  the  epigastrium;  anorexia;  obstipation;  and  some 
abdomiiuil  tcndernesit.  The  acute  attacks  conitiftt  of  paroxysms  of  in- 
tense pain,  radiating  from  the  umbilicus,  and  relieved  by  pressure.  The 
patient  therefore  instinctively  retracts  the  abdomen  so  that  tliis  often 
(tppcars  boal-shaped  (scaphoid);  and  he  may  lie  on  the  face  with  the  fists 
[pressed  again&t  the  painful  region.  The  skin  is  very  pale  and  dry;  the 
temperature  low;  the  blood  pressure  hi^h;  the  puUc  bard.  wir\- and  slowed, 
|0|teQ  to  40  or  SO'  The  colic  is  sometimes  accompanied  b>'  dyspnea 
Hbin  of  Uie  bronchial  muscles);  and  sudden  severe  muscular  pains, 
P^kially  in  the  flexors  of  the  legs. 

After  some  hours  the  pain  disappears  completely;  but  the  conslipation 
lasts  some  da>'s.  Nausea  and  vomiting  arc  frequent.  Relapses  arc  the 
rule.  The  colic  is  very  painful  but  not  dangerous.  Attacks  are  more  fre- 
quent in  summer.  The  action  is  presumably  on  the  intrinsic  nervous 
imechaiiiun.  X-r.-iy  examination  shows  spasmodic  contractions  of  the 
jimall  intestines  (liertz). 

I  Ol«oi  Prature  and  Circutalion. — It  li  Kcnrrall}'  a»umed  that  lead  poisoainjE  is  ac- 
Mmpaoied  by  rise  of  blood  pressure  and  vuconslricliao.  Tliii  is  true  for  the  colic 
Mtaclc«(RieBcIand  Fr«nk.  iS74>,  where  il  mny  be  explained  by  ibe  mechanical  ditplsce- 
Inientof  blood  from  the  violent  contraction  o(  the  inlntinn;  and  bypain-reftexrs.  There 
■re  few  dclinilc  data  nt  to  the  blood  pressure  at  other  times.  Tne  p«lIor  of  the  skin 
points  to  vA«ocon»lrictlon.  In  ndvnnred  xtagcH  the  HricriouleTods  and  nephritis  would 
Iwie  the  blood  presaurc.  Quellicn,  loosi  beticvei  that  the  pre»Mire  b  raised  eveo  in 
■cute  poisoning. 
I      In  Ills  animal  eiperlmcnts  Hamack(MC  hrlon)  found  no  riw  01  other  direct  chani[r 

Sthe  drculation,  except  with  fatal  doses.    These  paralysed  the  heart  and  respiratory 
UMles  in  commoa  with  the  ikektal  muscles. 

LATlhrainia. — Thi.s  also  occurs  in  paroxysms.  After  some  preceding 
uscular  weakness  there  are  sudden  attacks,  generally  at  night,  of  violent 
iremitting  pains  and  disturbed  functions  of  groups  of  muscles,  especially 
those  of  the  shoulder  and  the  flexors.  Pressure  gives  some  relief.  The 
attacks  last  generally  from  fi\'c  to  eight  days  and  often  recur.  The  phe- 
nomena are  probably  due  to  central  motor  stimulation. 

Drop-wrist  and  Other  Muscular  Paralyses. — Special  groups  of  muscles, 
imost  commonly  the  extensors  of  the  forearm  [distribution  of  musculo- 

Kiral  below  supinator  longus),  or  others  most  exposed  to  fatigue,  become 
— -judually  paralyzed.     The  condition   generally   begins   with   weakness, 
Dors  and  disturbed  sensation  and  pas.sc«  through  progressive  juraly* 


HAKUAl.   or   VllARUAtX 


sis.  with  llic  "reacUon  of  degeneration"  (muscles  respond  to  piwSt* 
andnot  lofaradic^liiiiulaiiun).  Finally  there  is  muscular  atniihfiad 
contriKiufi;.  The  contracture  licginis  usuiiUy  at  ihc  [nctacar|KKatptl 
articulation  o(  the  two  middle  fingers,  then  the  two  outer  lin(!cr;tad 
the  Uiumb,  and  then  the  wrist.  The  action  is  ^W^Arro/ and  prvtusi^y 
directly  on  Iht  mUKcJc  {»ee  below).  Tliere  is  no  pain.  Rcstoratioo  mj 
occur  even  from  advanced  stages. 

Encfphahpalhia  .Vh/m/'iki/k.— Cerebral  symptoms  arc  rdatixtly  wt, 
but  especially  liable  to  occur  in  alcoholics.  They  indicate  a  graw  propo- 
si*.  Tht;  |>henomcna  consist  in:  Hallucinations,  illusions,  drilritia. 
melancholia,  pscudo|iaralyw;!f,  coma,  ami  epileptiform  convuliicfti 
(Convulsions  may  also  occur  from  tiremia).  Neurasthenia  is  »wj  fre- 
quent (Hirsch.  1914). 

Ouaaicuai  iuvtimm  ptuttemrHa  nrc;  Neuralafftn,  •ncathntu  iMd  hyponiW- 
tiat  occurring  in  nllockt  of  t'!ghi  to  clfvcn  dav^'  iJuralion;  asiuirosU.  ainbl]rD|iL  ■< 

(|c«^n(^v^, 

ExperLmenul  Chronic  Lead  Poisoning  In  AnlmiU.— Thtt  hu  bnn  pndu(«d  hM 
chwifUTUUc^lly  by  tturnack.  1S78,  by  -attttx,  an  0(|;bb1c  coni|Mund,  (mJ  trlilht 
Pb(C:(] tl  I.  It  'Ion  not  ctiuKc  lead  cUmIk  directly  but  only  u  111  lead  b  ISienUJ  iiut 
body.  Tlicnpidity  and  iotcn^t)- of  the  action  can  thus  be  rnndBtcd  by  ttedcKod 
RutDQcr  of  injection.  RSects  closely  rctembliDg  llia«e  of  lead  poiualns  ttt  McVri 
aulBciently  acutely  for  pharmacoloKlc  study.  TTie  notrition»l  Mnddeget»«»lj>td*i(fl 
are  thereby  excluded.  Thii  umpli6n  the  phenomena,  but  fur  this  vny  louta  tmt 
judgment  muft  be  u*cd  in  tr.Tniierring  tne  mull*  to  clinical  lead  poaMMOC.  V, 
Slnub.igit  and  1914.  und  KrlcnmeyiT.  iqi).  hatv  also  produced  chroBcinilpM* 
tng  by  hypodetmic  injectioni  of  the  in«olulilp  inlt*. 

The  aciionx  may  be  brouf[hi  under  three  (;r>iups:  Direct  deamaiaB  ol  Mde- 
stlmulktion  of  IhecenTrat  motor  sjitem;  and  hiimuUcion  of  the  IntitnidcMrmwaR* 
anltin  of  *the  inteillnei. 

MitKulitr  Afll/Mit.—Ltn'i  acts  dlrtcOy  on  all  slHped  muMle,  m  Uut  thh  ii  MCk 
more  (|uickly  faiii;ued  {tapecially  if  moderately  warmed,  Cash,  Joo8).  Fiadhr  il!*  ■* 
de  loses  itt  eicitnbility  and  goct  into  partial  rigor.  The  pbeoomena  BrrnanulHtl 
isolated  iind  curarued  muscle.  This  action  cxplalos  the  Icsd  palsy  and  the  rmtti*" 
deKener>Cinn:i.c.,aBoadre(ponse  It>iheHnglenlvanicstbmiUtion,and*p«M'MM* 
to  the  fatiguing  tcinnk  faradic  silmuktioB.  There  is  no  piredilectioa  for  aptoH^ 
cles.  so  that  the  peculiar  loestlon  of  lead  paralysli  must  be  detcrmintd  br  lid^ 
(MdloD,  1013). 

Ctirtral  Mnlir  System. — It*  itjmulntiiin  results  in  ala^iia,  ttemor*,  IwltehingaHO* 
vuUons  with  intact  consciousness.  Tlic  action  is  prctumablv  located  «nlh«BU»|« 
bindbTain.  TIifm^  cReels  are  supposed  to  repiesent  the  clinical  rncephalopatUa  ^ 
arlhnd^a:  the  pain  being  attributed  tomuKular  twitching.  Howe\-er,  theeewMtt* 
Is  not  snsolulely  clear. 

Animals  iliow  no  !ii(-n  of  pais  but  ihi*  may  be  bccaaw  tb«y  IWtn  to  b«  ■"*'''? 
tcnutivc  to  inicular  pain  than  man.  They  obo  show  very  little  diftraalf  aruietflhm* 
i*  produced  by  uric  &cld  injcctiao. 

IitUtiiniil  Bfftrlt. — These  coonst  in  apasmodlc  contraction  «i>d  incrcwfd  f* 
talrii.  Theserctult  in  painful  colic  and  RniendlydMrdica,  but  MBietlnnob>iiw>^ 
according  to  vthclhrr  the  pcrifitalsis  or  the  tpasm  predominate*.  It  uecun  in  ^'^ 
mals  and  n  easily  abnliAlied  by  atropfn.  The  liuman  ruUc  is  noi  so  eaaly  Um*'" 
by  ihiii  drui;,  but  ollivruiie  Ihr  phenumcaa  corrnpood  verj'  cloBdjr  and  tot)  '"^ 
plained  by  (.timubtlon  of  the  intrinidc  motor  can^la.  Another  tbeory  wliicb  *^ 
oulcs  the  colic  to  sptsra  of  the  mcBcnterlc  vmmIs  is  not  cuppoeted  by  rviikm  t" 
veaaeU  ate  indeed  constricted;  but  this  h  the  effect  rather  than  the  cauK' 

Hirschfelder,  tqi$,  describes  acute  incrnuc  of  pcrixtsbi*  and  CODtrKtlan  ■f~'^ 
tcatlnai  vessels  by  intravenous  injection  of  lead  acetate.  Both  pbeiKneBa ■'''^^ 
by  local  or  s>'stenuc  «dminuiti«tion  of  atropin,  nicotin,  or  nilrfles.  The  artka  •  i" 
nitrite*  b  probably  both  on  the  vcmcU  and  the  inicftinal  muscle.  __ 

Cnwri mental  colic  wai  nroduMd  by  F.  Wassermoan,  191!^  by  l"*P<>K^**'*?C 
■INlaktod  with  Mwduft  and  lead  carbonate.  FeexUn^  a  barium  meal  alter  IW  MK 
symptoms  hnd  set  in.  he  found  by  X-ray  eiamlnalion  that  the  swffc  movcanu  nr> 
practically  normal.  The  imnll  inleitinen  iJiuu-ed  apparently  less  tcggicnlati^  jl^ 
mure  rapid  pauoge  of  the  food.     In  the  large  Intestines,  the  paaMgt  «M4liK]M*f, 
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Iheramtt lively  pniluUis, with  itmngcontrnclion  r'lntei,  mpRnitcdby  dilAttdscgincnUL 
Durins  the  colic  altuks,  Ibr  smill  inli-slinr  conlracled  Co  n  Ihtrail:  Ihc  large  intM- 
line  ohlntcd  DocUog  atwclal. 

Wwaermaiia  refcra  the  eOeclt  to  vuus  ftiimiil  Ation. 

Ckromie  Ktphrilii. — Thin  wu  dmcriMd  in  aiumnli  by  Charcot  and  Gofnliault.  iSSi; 
mttA  studied  en EH-rlally  by  OphUis  lyoAuDil  iqu.  It  iichicSy  intcolJtiBl.cxicptiaaBlljr 
with  epithelial  chui);es.  AEaiiy  aoiniali  ihuwcd  hemarrhaxic  tvrDtibrinoua  intl&mnu- 
lion  of  fttaai  mcmbrmnet.  Ltod  iidnuni*t'*tion  doo  not  produce  arttriostUrtlie 
'chvisn  In  Aagfi  (Adkr,  ■9i4). 

Diagnosis  of  Plumbism.— The  chief  poiiim  may  be  recapitulated  aa: 
The  history  of  exposure;  tciid-linc;  ammonium  sulphid  reaction  on  the 
islcin;  black  stools:  especially  the  chemical  demonstration  of  lead  i,i  the 
Ktools  or  urine;  pallor,  anemia,  slipplinK,  pinched  featureti,  asthenia,  rbeu- 
tnatic  pains,  digestive  symptoms,  colic,  obstipation,  drop-wrist,  recovery 
when  removeil  from  cxjxiMire  to  lead.  The  concurrence  of  most  nf  lhe»c 
«igns  is  highly  characteristic;  but  none  of  them  is  absolutely  constant,  and 
most  may  l>e  simulated  individually  by  other  conditions  (Linentbal,  iQi4). 

ProphylAzis. — The  public  and  especially  the  artisans,  should  be 
khoroughly  educated  lo  the  insidious  dangers  of  lead,  and  the  chances  of 
[>oi«onin^  carefully  guarded  aguinst. 

The  sources  of  danger — lead  pipes,  etc.— should  be  eliminated.  Tin 
cans,  foil,  etc.,  should  be  frequently  examined  by  autliorizcd  persons. 
Proper  precautions  arc  required  in  lead  factories  and  in  exposed  trades. 
Lead-laden  dust  iii  especially  dangerous.  Since  the  main  channel  of 
poisoning  is  by  the  mouth,  extreme  cleanlines!^  should  l>c  cticottraged  and 
'made  iMssiblc  by  liberal  facilities  for  washing.  Sulphates  are  useless  (see 
absorption).  Food  should  not  l>e  permitted  on  the  premises,  and  the 
dothinjr  should  be  changed  before  leaving  the  works.  More  stringent 
laws  are  iireaily  needed. 

The  Treatment. — Con»sts  in  resting  the  patient  in  hygienic  surround- 
ings until  the  lead  hait  been  eliminated  and  the  general  health  fairly 
restored.    Tonics  are  valuable. 

Symptomatic  measures  may  be  iLsed:  Against  the  pain  of  colic,  mor- 
phin  i*  most  elTettive.  To  llii*  may  l>e  a<lde<l  atropin  or  scopolamin, 
and  hot  applications  or  baths.  Amyl  nitrite  (Ricgcl.  1878)  gives  slight 
and  only  temporary  relief. 

Constipationistrcatcd  with  olive  oil  enemas,  or  300  I0500C.C.  of  oil  by 
mouth.  This  is  better  than  castor  oil  or  calomel,  which  increase  the  pain 
if  they  do  not  relieve  the  constipation.  The  palsies  may  be  treated  with 
atrychnin,  massage  and  electricity. 

To  hajten  the  WtiNimtfiW  of  the  lead,  poia-'isium  iodid,  baths,  sweats, 
and  sulphur  internally,  arc  commonly  tried;  their  cfbci«nc>'  is  doubtful. 
The  iodid  is  the  most  promising:  Melttens,  1840,  found  that  it  hastened 
the  elimination  at  first;  but  it  soon  appears  to  lose  this  elTect. 

PBEPABATIONS— SOLUBLB   LKAl)  COMPOUNUS 

'Plamii  Atttai  (Plumb.  Am!.},  U.S.P.,  B.P.;  Uad  AceUile  (Sui;ftr  ul  Lewi): 
Pb(C*H|0)i  +  3lliO. — ColorlcM  at  while  grknular  crykUli.  m  muiei,  of  (ainlljr 
tcetoiu  odor  »nd  »<nretith  utringcnt,  aftttward  meisUie  UwW.  efflorectnl.  Freely 
MLin  water  (1:1),  sol.  in  ak.  /i»r<Mif«lWe  with  alltaUu  and  carbonatct;  iodids,  chlo- 
rids  and  siilph^tcih  lUst,  0,05  Gd.,  i  gr.,  U.S.P.;  <m)6  to  0.J  Gn^  1  to  5  cr-.  B.  P. 
Maiimum  doK,  0.3  Gin.,  s  gr. 

Pit.  Plumb,  e.  Oft«,  B,P.— 11  per  cent,  of  Opium;  )ta  per  ecni.  of  Plumb.  Aoet. 
,  Dm*,  0.1  J  luo.15  Gin.,  1  ta4Sr.,  B.P. 
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Sifp.  Plumb.  Co.,  B.P.— O.J  Cm.,  j  zt.,  o(  Ptumh.  AceL;  9.067  Cm.,  iff.i 
Opbm. 

titycft.  Piamb.  Sahattt.,  B.P.— About  10  per  cent,  of  SubaccUte. 

'Liqttor  Ptumbi  Sub(uet«tU  (Liq.  Plunb.  Subacet.)>  U-S-P.;  Solutknor  ItadS*-] 
accialc  (Goulard'i  Exlracli  Bldeuig).— An  aqucouii,  cUac  cdoHcai,  alkAliot  wWia; 
coataininR  not  leu  than  3$  pet  ccot.  nf  lead  xubocctait  and  tcttd  oxid  Qithuid  nli 
wfltcr.  i^hould  be  diluled  i;  to  y>  timn  bcfoif  *{>pUcalion.  Uted  «  Uttio^  ui 
SDtlpruritic  In  iciflBmrnnt^ry  rondiijtini  oi  the  itkin,  and  in  «praia*  and  bnotti.  Il 
*lioutd  not  be  uppUixl  tu  denuded  surfaces,  uid  »bould  be  uaed  iritfa  caalloatclk 
(ace. 

•/.iff.  Plumh.  Suhiua.  Fort.,  B.  P.  —About  js  pe«  cent,  oi  SHbacetote. 

Lig.  Plumb. SubM4l.  EHl..  U.S.P.,  B.  P.  (Goulard's  LolioD:  l,eadimU*)^PR|u' 
by  diluting  the  stioDger  aoiutiun.  in  the  ratio  of  1:15,  U.S.P.  t:8cv  BJ*  W^ 
applied  directly. 

Vitf-  PlmM.  Sidiaed.,  B,  P.  — 1 1.$  per  ctnu  of  the  Suong  Sokitloo. 

PREPARATtOKS — INSOH31F.   tKAD  COUPOUKDS 

Plumbi  Carbo»iU  (White  Lead);  (Pb  CO,)iPb  fOn).— luol.  Vwd  u  OMm< 
10  pet  cent..  ogainDl  <tcxmalili»,  burns,  etc. 

Pttimbi  ladidum  (Plumb,  lod).  B.P.:  Pbl.— Ad  iiuaJuUe.  bright  yrHow  pofd* 
Uicd  extrmaUy  u  mild  oountcrirrttani  astinst  glandular  iwdlingt,  etc..  in  Ibt  (m'' 
the  Ointment. 

Unj.  Ptutitb.  led.,  B.P. — 10  per  cent. 

Plumbi  Oxidum  (Plumb.  Ond.),  U.S.P..  B.P.  (Ulhatgie);  PbO.— Heavy, )*II«^ 
powder,  without  odor  or  taMe.    Almost  Iniol.  In  watn.    Uwd  b  oaUnc  ibfSuk- 
acetate. 
.     iEmp.  Plumb.,  U.S.P.,  B.P.— Sec  Index). 

Umt-  MuAylon,  U.S.P.  (Hcbra's  Ointment).— Kc|ua]  portsof  Lead  PlHtMMiinik 
Petrolatum,  flat-ar«d  with  Lavender. 


THALLIUM 

This  metal  it  almost  «»'  loxlc  as  araenk.    The  acciaic  has  b««fi  glttn  U 
5  to  10  mg,  per  day)  against  the  night  Kweats  o(  phlhialo,  and  both  intenair  I 
ternnlly  ai  a  dcpiUtory.    The  therapeutic  uic  has  repeatedly  eauMd  tevtn  pmaiit 
nxid  U  icurccly  iustlfieo.    It  b  not  unli-typhilitic  (Buachke.  1911) 

The  toxic  phenomena  are:  siomacftk.  diarrhea,  dyspnea,  psin  la  the  exluaiijj"i 
alopecia  (aI*o  in  jnimals;  Buschke,  toio),  dcprcKnon  snd  other  net-roaei  sad  anm 
dhiMsis  and  persistent  albuminuria  (Oltnn  and  Tlsu,  1909;  Swain  and  Baleas^  H"^ 


PHOSPHORUS 

General  Statement. — Phosphorus  produces  severe  acute  poiwiil>C> 
reeembUug  acute  yellow  atrophy  of  the  liver;  characterized  by  olltntit*' 
of  metab«)Hsm  and  fatty  changes  of  the  Uvcr  and  other  organs.  QiKoic 
poisoning,  a.i  in  match  factoriea,  reflults  iit  necrosis  of  the  Jaw.  Vutir 
peutic  doses  effect  changes  in  nutrition  and  bone  formation,  wbid  W 
utilized  especially  tn  rickets. 

PhoAphoru.-*  acU  as  such:  Us  actions  are  not  shared  by  any  of  '^ 
compounds,  which  arc  for  the  most  part  harmless. 

Varieties  of  Phosphorus. — The  clemenl  exists  in  two  forms,  red  »^ 
yellow.  Red  or  amoqihous  phosphorus  is  non-volatile,  insolubkbiW* 
or  oil,  is  not  absorbed,  and  is  therefore  not  toxic.  The  yellow  or  ordia*^ 
phosphorus,  while  almost  insoluble  in  water,  is  very  volatile  and  distol"* 
in  fats  and  bilt-  (Hortinann,  1866),'  to  that  it  is  absorbed,  especially  •)«■ 
it  is  finely  divided. 

■  QMMd  bgr  BlTlk. 
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.  9ite  ud  Excretioa.— Abwrptka  oocun  Irom  tbe  btaitiMs;  to  wme 

'By  tbe  [ahiUttioB  of  Uie  vapor     U  b  always  sli>w,  tod  the  iyneadc  eBecXs 

ditn^orc  delayed  icvctnl  dnyi.    It  b  fioally  etirttti  in  oxidized  torn  lh>-pophos- 

ricKiil,  Poulcl,  1S71).  but  iu/ii<s»veiyimperfectlv  known.     AUhiiugh  iLiiadiMS 

Bomdiljr  in  the  oir,  its  ouilatioo  tn  the  blood  rcqulm  oil)':!  kH.  Mcyti,  tSSi);  iirthops 

'  it  hoi  an  inhibitory  ncCionon  nsidiiin^  (eimcnli  Miniliir  to  hydrocyanic  add  tSthultzcD 

'  and  Kka\  iSbg).    During  tt&  acttoo  it  exists  iiiKhiuigcd  in  the  organa  kod  in  tbe  ex* 

lilredair. 

PHOSPHORUS  POISONmG 

Etiology.^ Pho«phoruB  i»  qulir  fKcn&iblr  in  the  iotm  <->{  malchcsor  phoepharuB  rat 
fMile.  M  thai  puiioning.  actidentiil  or  tuicidat,  a  not  uncummon.  it  abo  occurs,  rather 
tarely,  in  the  thciapcutk  um.  tnfuuon«  of  niatcbcf^  have  been  taken  **  nbortifucient, 
wilh  nerious  [muIis.  Ctuonlc  pt^soninif  of  a  iomewhitt  diflerenl  ebaraclcr  b  M?cn  from 
its  fumes,  in  pboi^onsand  match  factorie*.  Tbb.  as  well  u  the  poiiioning  b v  motchei, 
li^  been  very  sretttly  dimininhrd  since  the  introduc I i<'ii  uf  ittiiurphuua(rci]Tpbo»pborui. 

FllO0pb4ru8  Matches. — The  lint  phosphorus  Irioliun  matches  were  made  bjr 
Dfroine,  Parity  in  iSio,  but  they  did  not  become  practical  until  >Sjj,  when  procetces 
for  their  mnnufncture  were  Invented  in  tevcral  countries.  The*e  all  employed  yelloa 
^o«phurus;  each  niatth  contains  ^  to  s  mg.,  m  thai  16  would  be  Fatal  for  an  adult. 
The  other  ingrcdicDts  are  oiidixing  agents  (potaujum  chlorate  or  dicbromate)  lend  oxid 
or  nitraic;  rnnnitanesr  dioxid). 

The  Wit  (if  (he  dunicrruus  jellnw  phosphorus  in  matches  is  now  prohibited  by  law 
id  pracUtally  all  European  tounlric*.     In  the  United  States,  a  prohibitive  tax  has  been 

£  laced  on  their  manufacture.  Phutipboruii  soquinulphid,  which  is  v.iid  In  be  non-toxic, 
I  now  used  In  ordinary-  matches,  wblch  strike  uny  where.  'ni('u[ety-niatdies"havenu 
pboqihorui  on  the  sticks,  which  are  usually  headed  with  Sb|SOi,  KQOi  and  gluc^ 
the  rnl  pho»phonu  U  here  on  the  fricUon  mtiace  coating  of  the  box. 

The  SymptODis  of  PtHSoning. — ThcK  have  the  peculiarity  that  lhe>' 
occur  in  two  well-defined  stages:  At  tirst,  there  is  local  gastro-inte&tinal 
irritation;  then  more  or  less  complete  recovery;  then,  after  two  or  three 
days,  the  phenomena  of  the  systemic  actions  appcfir.  These  arc  distin- 
guished by  fatly  enlargement  of  the  liver,  intense  icterus,  and  metabolic 
changes  pointing  to  diminished  oxidation.  They  extend  over  several  days 
and  generally  terminate  in  death  by  heart  failure.  Gastric,  syncopal,  of 
cerebral  phenomena  may  predominate. 

AcuU  Symftcmi. — The«e  generally  »tart  after  come  hour»  nlth  gastric  pain  and  bum- 
lag,  ctuctationi  with  garlic  odor,  and  Unally  vomiting,  which  mav  be  luminous  in  the 
(ttnc.  Later  there  U  often  diairbea.  If  treated,  ibere  U  mure  or  leu  retniision  or  even 
MBpkte  recovery  for  two  or  three  days. 

Tht  Laltr  PkriKrmmu. — Thew  bciiiu  with  nausrn;  then  gradunll)'  ilJKht  icterus;  ab- 
domlaal  pain  and  tendemcisi  ^ximiting  and  soft  stoMs,  botli  often  streaked  with  bloodi 
coated  tongue  and  fetor  orb. 

The  symptoms  become  gradually  more  Mvcrc;  and  within  two  days  the  area  of 
liver  dulness  bos  rapidly  increased;  the  hepatic  recion  is  painful  and  very  tender,  and 
(he  icterus  more  intense.  If  death  occurs  witliin  the  fint  twodavsaf  the  second  slaee, 
there  is  usually  no  iciciui  (Maifnus,  11JI4}.  All  foods  and  llquias  ore  vomited.  Tnc 
patient  becomes  prolounilly  proiiraied  with  insomnia,  anxiety,  headucbe,  muscle  pains 
and  fceblencu.  The  temperature  is  normal,  ihe  skin  dry,  the  respiration  increaseil.  the 
pnibesoft  but  ofnonnal  rate.  The  Hriiiifi).!icftRty, acid,  dark  brown  from  bile  ami  blood, 
and  contains  albumin,  casts  and  abnormal  nilrocenuus  substances.  Multiple  kemtt- 
rhtfa  oocnr  ftt  petochiicoir  in  laiscr  arus,  in  the  skin,  tnucosE,  luaRs  and  other  viscera. 

AtMul  SI<>te-~Ttte  pulse  becomes  thready  and  Intermittent;  the  hnrt  dilated,  with 
systolic  murmurs;  tlie  rnpinition  dyapneic  or  Cheyne-Stokes.  Consciousness  may  be 
undisturbed,  or  generally  there  b  lomnolcnce,  MMnctimc  delirium  and  dbturbonces  of 
temperature,  finally  coma. 

Diagnostic  Poat-cnortetn  Features. — These  ore:  the  icterus;  phosphorus  odor  on 
opening  abdomen;  blood  tarry  and  difficultly  coogulable;  multiple  hemorrhages;  fatty 
ealaiKcinenl  of  the  liver  and  other  organs. 

The  Course. — TTiii  runs  from  two  to  fifteen,  averaging  perhaps  eight  days. 
•  Tbe  Fatality. — T1ii»  h  high,  about  5s  per  cent.  (Faick);  with  lorget  quanlitiee  sudi 
a*  arc  uKd  fur  abortion,  it  may  reach  4s  per  ceut.  (Kubcrt). 
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Tlw  Fatal  Doae^ThU  may  be  as  low  b«  joins.,  genenlt)' Bboat  looms^taliy 
nil!,  may  bricveri^ly  toxic.  It  is  much  more  daoscrous  in  solution  or  aim  fiDdfdinM, 
than  when  Inigcr  lump«  arc  tnkcn.  A  Iwo-yeac-old  child  has  bwa  KvciclypwoHllv 
thrrnpi-uiJc  dnsci  u  i  mjc.  dislribulcd  over  Ihnc  days;  XeboltlMu).  >bfBia,  tVM 
stale*  (lint  no  dungfrciii^  ciTccU  have  ever  occurred  (b  children  up  to  a^t  ym 
iiiim  0.5  mc-  per  day;  ullhouitb  theTC  may  be  fotae  vomJtins  at  &nL  Hi  italalk 
tma1U:it  dose  that  has  exceptionoJIy  produced  dangurou*  dl«cl*  **  i  tng.  pn  dty. 

Recoveiy. — This  may  occur  gradually,  even  from  advanced  sympOmi; 
l)ut  c«:ri.-l)ral  hemorrhages  may  leave  paralytic  after-efecls. 

Treatment  of  Acute  Polsooiog. — Any  phosphorus  Tetnaining  ia  Ibc 
alimentary  tract  should  be  oiidizcd  and  removed.  The  bcsl  aatidtuii 
copper  sulphate,  o.i  lo  o.a  Gtn.  in  water,  every  ten  minuln  until  emcsiB. 

This  acts  as  a  prompt  emetic,  and  meanwhile  oxidizes  the  pbocpbers 
and  envelops  the  globules  v,-ith  a  coating  of  rctuced  copjKr  wbidi  KOidi 
absorption  (Woehler  and  Vogel,  1836;  Straub,  igo^).  Gastric  baft 
with  other  oxidizing  agents  may  be  substituted:  KMnOt,  o,t  percfK. 
(Bokai  and  Anlal;  Koranyi,  iS^);  HiOt.  3  per  cent,  of  the  offioil  mId- 
tion.  These  should  be  (ollowcd  by  a  saline  cathartic.  Otis,  (au  ud 
milk  should  be  avoided  while  any  photiphonis  remain.^  in  the  intelim. 
since  they  incri-asc  its  solubility  and  aosorption.  Sodium  hicutaiut* 
may  be  given  lo  prevent  acidoiuti.  \Vlien  the  systemic  symptoms  law 
set  in,  these  measures  are  practically  tjsele»s  and  the  treatment  niiiit 
be  mainly  symptomatic.  Transfusion  of  t^ood  is  said  to  have  pno 
good  results. 

Oil  'if  TurfKniiat.-    o.j  Cm.  several  times  dally  for  a  week  laay  be  uM  (AbM, 
iS6g;  Kuchlcr.  i»-;i}  but  ili  brnelit*  are  doubtful,  ur  at  be&t  InconslaBl.    Tbryxnj 
to  vary  with  diiTerent  mrieiiet  ot  the  turpentine,  the  fresh  bein^  oiten  a*  tiicth««l 
old  ozonixcd  (amplw.       'the  action  if  not   due  to  umplc  oxidation  uf  tte  \^  , 

Cborua,  but  to  the  formation  of  complex  compuumls  (Bu»ch  and  FIxlKf];  Kahol 
elicvci  that  it  may  be  ctlecliw  wen  after  the  pbokpbonu  hat  been  abtwrbtd. 

SpMialPhcnoinaiui  of  Pboqibortis  Polaonlng.— ;t(/iMi  «a  A/rtaMiMi^-'tluhlW 
most  interesting  feature  of  phoiphorus  uoiMning  from  a  adentific  tiaadpoiU.  It 
ocoiis  in  chronic  poUoning,  or  ly  a  tecnndniy  prooect  after  a  tia^  largtr  <M*^  J'*' 
fthenoniena  consist  In  Increased  tls-iuc  dcii  ruction  with  dbturbapcw  of  tytluM^  iWg; 
lion*  and  diModaiioiu;  increased  but  inRitnplele  nitrDgen  melaboliuni  iolcrfunn"* 
glycogen  dcpoution;  incrcowd  lactic  acid  and  ammofiia  cicretioD;  aad  iiiWllint  * 
oUwr  synthetic  procafaM:  deposition  of  fat  In  ih«'  liver. 

Tkt  Mtdumtrm.—Tbit  is  not  undentuod.  It  appears  to  involve  iMcrftftan  an 
certain  ferment  nciiont,  primarily  with  some  oS  thox  involved  in  caiUkjfAUe 
mctabotUm. 

NUro%tn  ilelabeliim. — Thw  i*  verj-  jreatly  Increaatd.  The  urinary  ahiaeM  ■■* 
rise  by  300  per  ccnL  (Stnvch,  1S6O.  The  excretion  of  plMMphale  and  nilphv  it ■• 
IncrtaKd,  while  the  chlorlds  arc  diminiKhcd  by  the  inAutikm  (WcUcfc,  1905).  Al  •• 
nltrogenout  melabulltes  may  iiattidnitc  In  the  Incitaae  (v.  Jalcach,  i^oi);  M  *•>** 
the  tame  extent  (Muetuicr,  1894).  The  urea  »  not  nearly  aa  much  inaMaal  m  M* 
otbcn  and  may  even  be  dimJnijhod.  It  ts  to  a  targe  extent  replaotd  by  aocMk- 
This  may  l>o  attributed  lo  au  incrt'awd  production  of  nrculactic  and  olhcf  ^V^ 
add).  The  uric  acid  excretion  doa  not  show  characteristic  changes;  and  the  qcaw* 
output  i«»carcclyaflectcd<I'U6k).  Thchippuric  tyntbesbof  excited  UdMysi(i»" 
(HauKr,  iSgj). 

The  blood  of  doei  ptuioned  with  phcuphorut  ihnws  increase  of  BoQ'pcMeia  nin*o> 
urea  and  amino-acids;  and  generally  a  terminal  acidosis  (E.  K.  Marihojl  and  RovaDKi 
IQI5).  The  protein  cleavage  products  may  play  a  part  In  the  productloB  ol  ■)* 
symptonu  (Moriani,  1916). 

A  very  important  phenomenon  is  the  appearance  in  the  urine  t' 
omino-acMS,]eiidn,  tyrDsin,cyslLD;andpcptone'likcsutMtaiii'n(Scb<^tKS 
and  RJess,  1869).  Clinical  cases  may  not  show  the  tyrosin.  The ; 
tone-lilce  substances  are  present  espedaUy  10  ibe  early  stages, 
nature  is  not  known  (Harnack,  1893). 
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'otty  CJkN(<i.— -Kxtmiivc  depocitlon  o(  fat  occtira  panirularl^  in  the  liv«r  c«ll», 
^nhoit  fal-cuntuic  may  ieai:h  ihtw  or  tout  limci  the  normul;  but  it  ii  seen  alto  In  ptac- 
»U  nUicr  cellular  oigiist:  OukIc,  »^ktltlHl  Mnuolfa  and  cardiac;  kidocysi  lAaoA 
>  e^thdium  ol  ttomacb  and  iotcilinc.  etc.  The  fatly  diangra  arc  prec«d«d  by 
doudy  nircllinit."  which  it  probably  an  intcrmodinlc  sUrc.  They  are  followed  by 
olifcritiuci  of  intetalititl  COiUiectJve  lusue  (cirrlioiis). 
Similar  (atty  chnnm  occur  in  poisoiuiiB  by:  Phlorhidi),  nrtenic,  aniimoDy,  maay 
iLtilc  «II»,  Ihc  alcohol  group,  beoxol,  phallia,  etc.,  in  tiarvatlun.  etc, 
Th*  Utti^nirm  ef  Ikt  Potty  Deteniralion. — This  hai  been  studied  eapecially  in  Ihc 
ivcr.  It  xm  oiiginiuly  atsumtd  that  the  fat  wnt  foimi-d  in  nVii,  by  true  degeneration 
Ihc  protoplasm  of  tho  llvot  ceU»  (Bauer,  1S78).  Muwv^'Irr.  Li^bedcS,  1883,  disproved 
IS,  CiDdinK  (but  fat  h  d«piHited  in  the  liver  only  if  the  fat  «>Iare  of  the  booy  is  anntic; 
i  that  if  soinc  foreign  fnt  iaintrnduced  into  ihciubcutaneoiu  tJtsu*',  the  fat  depo«ltcd 
the  pboephorv»  liter  aKrrtn  in  (umpoiiition  witli  thit  (ordRn  fat.  This  sugeetts 
it  ibc  liver  fat  is  mcrcty  transported  from  Ibe.fat  depot*.  Tlicw  obnervationa  nave 
CO  confirmed  by  Kotcnfeld,  iHqj;  PiliicKtr,  1898J  and  others.  They  apply  also  to 
her  poi6on«thttlcau(<"(ditly  <leKtiicrali<iii"of  the  liver.  The  c unci uiion  waislrenglb- 
\ed  by  the  observation  of  .VlhanBiiu.  1S9S.  thai  the  lolnl  fat  of  the  bodj-  is  not  increased 
■  rwphorus.  In  tact  it  U  latbrr  diminithci  (Shibata,  101 1).  The  incrcatcd  (at 
liver  muat  therefore  have  been  drawn  from  other  parts  of  the  body  so  that  Ibe 
s  is  one  of  inliltraiian. 
Luik  find*  that  the  combu»ti«n  of  fat  intiboApboruapoboiiinRisnolciianged,  Some 
pt  (he  "Ut"  ooDsIsli  partly  of  other  li|Kiiils  (Dastre  and  Moiat,  i8;i))i  IlelTtei,  1600, 
daims  that  the  pertrntaj,'p  of  lecithin  is  decreased.  The  fat  in  the  heart  (studied  by 
Rcacofcid,  1906)  U  aJao  inliltrulcd  (I.cii[  anil  Winckter]. 

Lc*thcs  1909,  showed  that  tlie  livei  cUectB  certain  cbanKes  In  the  depot-fats  (d<- 
■turatioQ,  increasing  the  iodin -number).  He  believes  that  Uiii  i*  a  necewary  preUn* 
Ury  to  the  utilixation  of  Ihc  fats  in  melaboUfim.  Falty  infiltration  of  the  liver  would 
hcKfore  npresrnt  an  cxccmEvc  attempt  at  such  conversion.  Accordingly,  It  it  found 
n  all  conditions  in  which  there  ii  a  hish  need  for  fat  <starvatioti,  etc.).  I(  such  animab 
ue  freely  fed,  the  falty  infiltration  of  the  liver  may  disappear  within  a  day  (Mottrnm. 
[91s). 

CarhokyiraU  Urfabolista. — Phosphorus  causes  the  diaappMrance  ot  glycogen  (com 
Die  liver.  Thii  is  not  due  to  incrnaed  glycogcnotysb,  for  the  pcrccntftge  of  tug»r  in 
he  blood  in  iicnerally  not  increased,  and  in  the  later  stages  it  is  even  decreased. 
^bcMpliarus  mu>t  therefore  inhibit  glycogen  nynthcsiii,  ctpcdally  (rom  non-carboh)r> 
MOrcc*  IK.  Franck  and  I<uiak,ioit).  ThJt  would  cxplUD  ihc  pre\-eotloR  of 
brin  glyoowirJa  by  plIosphu^u^-,  and  the  non-combustion  of  lactic  acid.  Aceord- 
V.  Fuertli,  1914,  lactic  acid  appcank  in  the  utineonlv  when  the  nbbit»  are  fed  on 
lof  »ug&r.  Dexiroscalhois  not  converifil  into  KlyroBcn  tF..  Neubauei.  1009}; 
_  ,ilain!n2  the  occuircnee  of  glycosuria  wlicu  carbQb>-d rates  are  fed.  GlycoEen 
y  be  itill  f ufmcd  from  Icvulosc.  The  tolerance  for  galactose  and  Icvulosc  h  towered 
,F..  K.  Mart.Satl  and  Kowntrcc,  1915). 

r  TM*  incttoit  of  nilrottn  cittttion  may  be  due  to  carbohydraU  diiturhonee:  Franck  and 
loak,  loiii  believe  that  ibis  interference  with  glycogen  synthesis  is  the  primary 
ctlon  of  photphoros;  they  attribute  the  incrtaMtl  protein  destruction  to  the  nccr»4ly 
if  makini:  un  for  the  lessened  tiiipply  of  energy  material.  The  fnt  tran^porlallon  to 
be  liver  could  be  similarly  exploJoed. 

Acooidingly  Retiig,  1014,  found  that  a  diet  rich  in  carbohydmlci  prevent*  the 
tcreued  protob  catahotlaRi  and  the  (ally  changes.  Kay,  McDermoti  and  Lutk 
899,  alio  showed  that  with  dogs  rendered  glycosuric  by  phlorbliin.  phufti>liurus  doo«  not 
:reuc  the  nitrogen  excretion;  axain  indicating  that  the  nitrogen  eacrclion  ii  not  due 
"  :t  destruction  o(  the  protopTasm,  but  la  in  some  way  connected  with  the  disturbed 
Irate  metabolism.  Lusfc,  [907t  lumests  that  the  primary  action  Is  to  Inhibit 
t  which  burns  lactic  add;  asd  that  the  nitrogen  changes  are  due  to  the  re- 
Itlng  acldotjf. 

Oiyte"  Comumption. — The  metabolic  eflecis  of  pho^horus  resemble  Ibosc  tA  oxygen 

Ivnlion  (r.r.,  Porgesand  Pribram,  i9oi));and  it  has  been  Mi^gested  that  phosphorus 

■rs  the  celli  lev>  capable  of  ulllinng  oxygen.     However,  it  la  dto  poaiblc  that  Ihc 

ilic  changes  in  both  cases  are  the  secondary  result  of  some  other  common  factor. 

I.  Ltub,  19071  has  shown  that  the  oxygen  consumption  is  not  diminished  but  rather 

bat  increased,  partly  by  fever,  and  probably  alto  by  the  loxic  action  of  increowsd 

._  in  destruction. 

AtMytU. — In  advanced  photphorun  poisoning,  the  postmortein  autoly^s  of  the 
t  is  greatly  accelerated  (Jscoby,  i<)oo;  Porgrs  and  Pribram,  1908),  probably  by  de- 
..jsed  resistance  of  the  liver  celli  to  the  normul  sutulytSe  ferments  (Wells).    II  it  not 
leaf  what,  if  any,  part  this  play*  in  the  liver  and  metabolic  changes  during  life. 
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UANUAL  OF  FHARUACOLOGV 


I>li«ct  ftdHilion  of  phosphorus  la  eubtd  nomul  liver  doc*  net  hwten  *mirk 
(JuobyJ.  The  phenomena  are  probtbly  nnolagoiu  lo  tboM  nf  [alt  tUttita 
polMcing. 

Bilr  and  Icterus. — The  swelling  and  subsequent  cirrhosis  o<  the  Sm 
obslrucl  ihe  bile  capillaries,  so  thut  the  bile  M;crelion  is  dioitntsht^M 
Kuppru^sed;  and  ihc  gall-bludder  coDiaiiis  only  a  liltlc  mucous  duid.  IV 
retention  of  the  bile  constituenti)  produces  the  chanicteristk  huuc 
icterus.  It  was  formerly  believed  inat  the  formation  of  bile  wvabo 
increased  by  the  deatiuction  of  the  blood;  but  there  a  no  evidence foriMib 
destruction. 

The  Ejects  oh  tile  Liver. — These  may  therefore  be  summuind  ii: 
disappeariince  of  glycogen;  incuoiplete  combtulion  of  lactic  add;  iaatni 
excretion  of  ammonia;  increased  protein  destruction  with  iocootiMt 
desami dilation  of  certain  amino-add»;  fatly  infiltration:  iMcfaiwi) 
interference  with  bile  formation;  increased  postmorlen  autol)rsis;  dcCTcut 
of  fibrinogerL 

The  excretion  of  phthalein  is  delayed  (Whipple  and  Spetr)-,  i<fiil 
The  liver,  heart,  ganglion  and  other  nerve  cells  show  degenerative  chuff* 
similar  to  ihoK  of  chloroform  intoxication  (Lissauer.  1914). 

ChoHia  tm  Iht  Btooij  Rid  CorpateUs.—lX  wu  fonneriy  believed,  on  tbe  bait  1^ 
cxperimcnU  on  birds  (Prunkcl  and  Roehmano),  thai  these  were  npUtydtiUTA 
Id  man  and  manunab  (TauiMg,  iSgi ;  v.  Jacluch,  1S9J),  however,  bo  deitnctka  «enn 
even  in  6e\-ere  poitonins.  In  f>ut  [he  corputcles  are  often  incrcuMl  (Ripui.  if*. 
L«ondni.  1914)  and  this  Is  Ihc  ty^<^Al  eflect  of  tbervpeutic  Adoo. 

The  hemogtobin  u  not  allrrcd  (E^concinl).  The  vUcoiJt}'  and  tlrctrical  nkota* 
the  blood  are  lor rcased  by  tbc  polycythemia;  ami  rfmain  to  until  death  ■puiuwtM 
when  they  suddenly  decrease.  The  osmotic  prcuurc  of  the  blood  -n*  fouu  UcmM 
by  Bottuii,  1S06;  unchanged  by  Rafsia.  "ntalkaiiniiy  a  diminlsfaed.  TltalilM' 
action  u  modcnitely  decreased  (Dunclur  and  Jodlbotier,  \q\\).  Thr  naiaMa>>** 
to  the  UwocyUi  arc  confuted;  Ragoxxl  detctibe*  increase  of  tbr  t>olyDiKlcsi,  ud  i^ 
appearancF  of  coiinonhllc^.  Accoidloic  toLeoadal,  tbc  leucoi'yte*  an  st  W 
diattDsbed,  then  sometimes  motlrrslely  increased. 

ThccoacuMifityd/JAtfUdHf  is  diminished.  This  ii  probably  due  to  tlHilaUia^ 
of  fibrinogen  or  of  mntt  ferment:  or  poMJbly  to  the  production  of  prptcer  bedln^ 
the  destruction  ot  proteins  (CcvidaUi.  iqoi).  Denny  and  Minot,  t9i5.akiMv 
antithrombin  content  oJ  the  mtud  diminished. 

Th*  hfMorrlui%ic  ttndrncy  in  rti>lni[icd  l)y  the  1c»*cned  coaKulabllily  <A  tbe  IM  ■• 
by  tlie  tatty  cliangM  in  (he  Cit|)illu.ry  eti  dot  helium. 

The  Kbolii  aitiem  wbith  occurs  with  fatal  doses  mAy  be  tdefred  tu  h|i4UMII>I* 
of  the  blood  vcMicln.  However,  nbnsphorui  also  passes  to  Ih«  (etni  In  <^B^^ 
amount  to  produce  fativ  hepatic  degcncratiuD. 

CiVcuAifiou.— rhoApbunis  appears  to  have  direct  tooc  cfiectt  on  Uic  bean-ov"- 
for  with  ininvoious  injection  this  i*  parolvicd  before  anatooik  degcBersiha  liai^ 
in  (Meyer,  iSHi}.  In  (he  collapse,  aploncABlc  uimulatloa  is  inefieetiv*.  laiWW 
poisaMiing,  the  syncopal  cases  may  be  due  to  this  cardiac  paralysis,  bat  B*MtaB]i  da 
circulation  suilcn  but  little  until  the  sgonal  stale. 

Uttitie  aid  JVtfM.— These  are  not  directly  aSectcd. 

Thi  CeHlral  Servant  System.  —This  plays  a  subssdisry  rMe.  but  is  «id  lo  ilsM  U> 
tolcvic  chaniceti  (Kos>iI.  1807). 

LomI  i4rf»onx.— Irritation  of  the  enuco»»  Is  shown  bj'  Uit  sariy  scute  synftt**- 
but  phos])barut  is  not  comMivc. 

Chronic  Phosi^onjs  Poi5oniii(.— This  is.  seen  especially  to  iMid 
factories  using  yellow  phosphorus.  The  most  common  manifesUlin  It 
necrosis  of  the  jaw;  .4omeli:iies  bronchitis,  to  which  loleiaocc  is  lapiiK* 
and  cachexift  resembling  mild  acute  poi.4omng. 

Strict  prophylaxis  should  be  enforced.  The  mantrfacture  of  J«Os" 
phosphorus  matches  has  been  prohibited  b  most  dvlUxed  conetiif- 
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xposcd  workers  should  altcnd  to  veniilauon,  ckanlineAs  and  strict  oral 
bygiL-nc  (Ivy,  1911). 

The  luerasit  ej  the  •«ik)  betdoa  with  salivatjoo,  suppurative  ulceretion  oi  th«  guint, 
md  ends  fai  &  veiy  profound  p«riMtilJ«,  involving  uic  whole  jniv.  It  usually  starts 
B  cariou  teeth.  Thelowcr  jiw  is  more  often  aOcctcd.  The  only  treatmcDt  it  exiiioa 
il  the  cBwBMd  booe. 

IdcniicAl  necroMsin  the  tocth  and  other  bonM  liavc  been  produced  cxpcrimmtnUy 

E^tfCaet.  187]),  byJprolonRed  cxpmure  of  rsbUta  to  phoaphorus  vapor,  after  lajing 
re  the  pciiotlcum.    The  ekihc  changes  are  probably  allied  to  (hose  seen  in  the  tbeni< 
peutic  uie.  but  intm^lCird  by  the  more  direct  contact  and  bv  secondary  infections. 

PbotpliOTUti  Buiiu.— liiese  are  no  more  donserou*  than  other  bums  of  similar 
batcnt  and  do  not  produce  any  of  the  symptoms  m  ptuMphonA  poisoning. 

Bone  Changes  by  Prolonged  Adntmistration  of  Small  Doses.' — 
rhesc  s>ltmutale  bone  iormalioii  (Wegner,  1S7:);  in  growing  animals, 
the  epiph>'scs  form  compact  instead  of  spongy  bone;  in  adults,  the  Haver- 
Etan  and  marrow  canals  arv  gradually  filled  with  dense  bone.  This  has  the 
normal  chemical  composition  and  structure.  Larger  doses  increase  the 
vasctdarization  of  the  bone  (Kassowilz). 

THERAPBimC  OSES 

The  stimulation  of  bone  formation  led  to  the  use  of  phosphorus  in 
rickets,  osteomalacia,  and  delayed  healing  of  fractures  (Kassowilz,  1884). 
rhe  clinical  evidence  of  its  usefulness  is  contradictory;  the  best  results  are 
reported  in  rickets,  in  which  it  is  said  to  improve  not  only  the  bone  changes, 
but  all  the  other  symptoms.  The  improvement  should  be  seen  in  about 
(our  weeks. 

The  dosf.  is  usually  about  1  mg.  jier  day,  willi  meals;  Iwat  dissolved  in 
olive  or  cod  liver  oil  (0.01 :  too  cc).  The  solution  should  be  freshly  made. 
A  pill  {0.6  mg.)  is  also  official.     It  is  coated  with  Totu  lo  prevent  oxidation. 

The  administration  of  phosphorus  generally  causes  some  gastro- 
intestinal disturliance;  sometime*  ihe  jaw  necrosis;  and  rarely  typical 
hosphorus  poisoning.  It  must  therefore  be  carefully  watched  and 
oppcd  if  any  gastric  or  intestinal  elTecUt  appear. 

StlUltt7  of  Phosphorus  Preperationi.— Kn^lhatdt  and  Winters,  igij,  find  the 

b  and  spirit  i^rty  sublc,  bui  nut  idwny^.     Curiipnitnd  clixirt  aic  Icm  stable. 
Fhoaphorus  in  Nervous  Diseases.— It  has  been  odvl^d  as  a  tonic  In  nlrohnllsai, 
Stbeniii,  filial  «liuu5iioii.  nfumlRia,  tabes,  cctcbral  dceeneralioD.  etc.;  and  in 
i  and  aneniia&.     Theic  is  tittle  scientific  tuppoit.  either  experimental  or  clini- 

'  this  MM. 

IC  Phonhld.- — Thii  has  b»n  suuiested  as  a  therapeutic  lulHtilutc  (Vixier,  1876); 
here  is  i'er>'  little  nimtific  information  about  i  . 

Amorpboua  or  Red  Phocphoras,— This  is  non-volatile,  inabsorhnhle  and  therefore 
OD-Ioiic  wbtn  talten  by  mouth;  but  sini:c  it  mnv  contain  traces  of  ordinary  phosphorus 
|to  0.6  per  cent-— lilytb),  loige  doEcs  could  uecume  toxic.    Intravenous  inJeclioM 
|Nuac^  i^s)  priKlucvd  the  effects  of  ordinary'  photphoruK. 

PbH^oretted  Brdro^on. — This  (Pliosphine— l'Ii>)  n  a  violcDt  polMn:  0.095  pf 

BEflt.  i*  harmful  after  a  Ume;  and  0.1  pet  cent,  is  qulcldv  fatal,  piodudne  dyspnea, 

^■jfiti&it,  lowered  blood  pressure,  slowed  heart;  nausea  ana  vomitinit;  oonvtilsions  and 

Jyse:  coma  and  asphyxia.    Postmortem  eEamlnation  shows  pulmonary  confers- 

'  uid  ciudation.    Industrial  poisoning  occurs  from  it*  pressure  in  acetylene  and 

ilicon. 

hosphorus  Peatachlorid.^ Poisoning  is  described  by  Koch,  1914. 

PREPARATIONS— PnOaPHORUS 

'Pkotphorus  (Pbospbor.).  U.S.P.,  B.P.-A  translucent  wai>'  substance  of  dittinc 
Ive  odor,  Melii  about  44C,  OiidiECS  (iftnliesl)  on  exposure  to  air.  Practically 
dmI.  in  o'ater,  but  slightly  m1.  in  ale.  (1:400).    Spari&gly  aoL  in  oils.    SoLinfat- 
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lolvtnM.  J*J«,  <VS  mg.,  HjoP-.  U.S,P..o.6  lo  i.j  n«.;'i»o  »  HbJ'-.B.P.:  «(# 
or  oily  MlutioD.    Tbetc  munt  be  rcccnll>' prcpoicd.     Maximum  4»tt.  i.j  mft.  HiP 

Oltam  fhttphoralum  (01.  Pho^hor.),  B.P.;  i  per  cent,  in  olive  liXj—Dnt,  Mt  to 
O.J  c.c  .  I  to  s  minims,  It,P.,  in  abnood  or  cod  '&\tt  dL.  ih  in  capMihn. 

Pil.  PhMpkor,,  U.S.?.— »6  mK..  ^aa  tt.;  coaled  vtth  Tolu  to  ittwd  «iidsilM. 

PH.  Phctpkori.  B.P.— i  p«  cent,  (formerly  i  per  cent*  />«k,  «.o6  to  fti!  <■■. 
t  to  4  gT.,  B.P. 


PHOSPHORUS   COMPOUNDS   IN   NUTRITION 


LBcrmm,  glycerophosphates,  hypophosphi-tcs,  bk. 

General  Statement.—  Phosphorus  compounds  arc  iropottant  cooflii- 
ucnls  of  animal  and  vegetable  cells,  and  specially  of  netA'ous  tisMC 
Preparations  of  pho^phoru.^  have  therefore  been  used  as  tonio  lul 
"brain  foodit"  in  all  sorts  of  depressed  conditions:  Scrofula,  indnrfit 
phthisis  and  cachexia:  neurasthenia  and  tabes;  oeuritcs  and  DCuraipu, 
etc. 

With  the  possible  exception  of  lecithin,  there  is  no  experimental  eviocficc 
of  their  value;  the  clinical  evidence  also  is  too  indcAnilc  and  contrw^- 
tory  to  establish  their  position.  With  lecithin,  positive  rc&ulta  are  duood 
by  some  investi|;ators  hut  even  these  are  denied  by  critical  observerB.  V» 
otdiiiarj-  diet  furnishes  a  very  free  supply  of  lecithin  and  other  pboahMV 
compounds,  and  it  is  difficult  to  see  how  the  small  quantities  addtoiolht 
form  of  more  or  leas  expensive  medicines  could  have  any  olbtt  dw 
psychic  efTecls. 


Oecumoce  oJ  Phosphorus  in  Bod;.^  Phosphorus  U  fouad  u  tnofpalc 
mainly  oi  Ca  und  Mg.  t.'!i|>cciuUy  in  the  bones;  and  diMolTcd  as  kkSuih 
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lolTcd  as  KKfiun  PMptalt  ■> 
the  lluidt  and  <cll«.    The  cclU  iilM  contalB  th«a(^i^  ooBtMuads,  ducIcum,  wMkh 

'    of  ilic  senini  arc  alnetl  rBh- 


and  iilioiphallda.    Tlic  oriinnii-  phosphorus  MnaponDda 
tivciv  phoipho-lipins  (Grccnwnl'l.  1916). 

Quantilative  DJatiibulJon.— The  tolsJ  pbnsnhorus  content  of  the  bodr  tyautMl 
is  equivakiit  ti>  about  07  per  not.  of  P.  Of  this,  ihrM-fourtha  is  in  um  (mm*;  >* 
muifks  contain  more  than  the  combined  lotiJ  of  ther«ntral  DCTvou«*y>teH.liJ^''^ 
■nd  kiilncys  (llcubnn,  lou).  _ 

OreaiiJc  PhoBphorus  Constituenta  or  TImimsw— It  may  Im  well  (o  patmbt  He* 
ctiMion  of  phoiphoru'  mfi.ihoiiim  Ity  lome  cbenical  data.  

Sbvcture  and  Oceunencc  of  Lccitfain*.— Thcw  nte  ntcn  of  fattjr  acidi,A^'' 
pho^horic  »cid,  and  a  nitrogenous  bnse  (luinty  <hc4in).  Thdr  stnictste  "■  * 
understood  by  the  followlnil  (ormtits.  In  wlilch  R  rcprcienlj  fatty  triii—ti^.  •••*> 
palmitic  or  other.    The  part  li>  the  rigiit  of  tlie  dMtrd  line  rrpmeai*  rboUi. 


OH 
CHr-0~P— O-a 

CHOH      0 
CH,OH 


OH 

cni-o— p-o— CiH. 


CHtOA 

l.«CltUlL 


The  vnriou9  lecithins  diSer  accordia{:  to  the  fatly  aod,  etc  They  ocnu  !■  ■ate' 
(not  in  vcgetalile)  Cell*,  generally  cocnbwcd  with  proteins,  Ttiplr  place  mmf  be  Uta 
by  related  compounds  or  ''phosphaiids"  which  arc  but  little  uitderfttood 

Lecithin*  arc  conveniently  isolated  from  brain  wbttaace  or  ogig-jalk  CviteHa*^ 
The  commercinl  products  are  quite  impure-  They  cootaja  3.84  to  4.11  nu  '*■'■'* 
tihojpburus.  The  tiuiesi  are  tba«e  obtained  by  brtasibcn't  mtihod.  (BlbHcen^ 
ot  Lecithin*,  Uen:)[%  Report,  )«  :jo).     R.  MacLtan,  1915.  stBlcatliatonfiMn'l^"'* 

•  A  var  '■!>  nrltm  dt  Umm  tubiRt4.  with  tiiblntmpliy.  li  (tvM  by  POrlMi  Ml  lUlk  >*>A 
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b  TtaWy  a  mixture  of  ccphalin  (wliich  tends  to  liecume  insoluble  la  alcohol),  and  true 
Icdtfain  (wliich  icmaiiis  jlcohol-Kiluble), 

I^ptf  ties.^Lccilhiii  is  a  white  to  oran^F-culoted  substMtcc,  usually  amorphous  and 
waiy  when  dry.  It  'n  veo'  hj'grusrupic,  sitflcning  to  a  semifiuid  mass  in  the  air.  It 
also  oiiflixeB  leadUy,  becoming  darker.  It  dissoivtA  In  alcohol  or  most  fat-solvents 
(not  in  acetone).  It  is  in<>iiliihlc  in  water,  but  readily  ta.kci  up  water,  swelling  to  a 
gelatinous  iiia.ss  and  linally  to  a  roUoidul  ^u1ulion,  trum  which  it  Is  predpitaUd  by  cer- 
tain acids  and  salts;  while  other  salts  prevent  the  precipitation  (W.  Koch).  It  i.i 
decomposed  by  prolonged  contact  with  walcr;  alkalici  uipnnify  it  readily  into  cholin, 
latty  acid,  gtycerophosphoric  acid.  Further  cleavage  itsulte  In  urdiniuy  phosphurit 
add.     The  cleavage  vrilh  dilute  acids  is  quite  slow. 

Cephalin.^This  is  a  highly  unsaturated  miinamini>-monoplio*phatid.  Its  nilnv 
icennus  ba^e  is  probably  not  cholin  (W.  Koch,  igoi);  otherwise  It  if  closely  related  to 
iecilhin. 

Plant  Phoaphatids. — Thtse  were  (nrmerly  considered  identical  with  lecithin,  but 
are  now  known  to  be  quite  distinct.     They  usunlly  contain  a  sugsr  molecule. 

Pbytia. — This  is  a  calcium -inosit  phosphate,  occurring  abundantly  in  plant  secdk 

Absorption,  Fate  and  Elimination  of  Phosphorus  Compounds. — The 
inorganic  phosphates  art  absorbed  as  such,  mainly  from  Ihe  uppur  porlioiis 
of  the  small  intestines.  Phosphates  that  arc  insoluble  in  water  generally 
dissolve  readily  in  the  gastric  juice.  They  arc  excreted  by  the  urine  and 
feces.  Hypo  phosphites  are  also  absorbed,  and  for  the  most  part  excreted 
unchanged.  Glycerophosphates  and  all  organic  phosphorus  compounds 
are  almost  completely  hydrolyzed  in  the  digestive  tract  (Plimmer,  1913). 
and  absorbed  and  excreted  as  inorganic  phosphate  (Oeri.  1909).  Opinions 
difTer  as  to  the  importance  of  the  small  fraction  (if  any)  that  escapes 
decomposition.     Further  details  will  be  given  under  the  individual  drug«. 

The  absorbed  phosphate  is  utilized  in  the  construction  of  bone  and  in 
the  synthesis  of  the  various  forms  of  organic  phosphorus  compounds  in  the 
body.     These  can  be  constructed  completely  from  inorganic  phosphates. 

The  greater  part  of  the  normally  excreted  phosphate  is  derived  from 
the  metabolism  of  the  tissues  and  therefore  generally  varies  in  the  same 
direction  as  the  nitrogen  excretion,  although  they  are  not  necessarily  pro- 
portional. "Phosphaturia,"  the  deposition  of  phosphates  in  the  urine. 
IS  due  to  alkaline  reaction  of  the  urine,  and  not  to  increased  phosphate 
excretion;  indeed,  the  excretion  is  generally  diminished. 

The  path  of  phosphate  excretion  is  markedly  influenced  by  the  calcium 
of  Ihe  food.  With  a  high  calcium  income,  Ihe  phosphate  is  excreted 
mainly  by  the  feces  as  calcium  phosphate;  whereas  ihc  urinary  phosphates 
increase  with  a  lime-poor  diet  (Zuelzer,  1905). 


Phosphorus  Compounds  of  Urine. — Practicnlly  all  Ihc  photphorun  of  the  urine  it 
normally  in  the  iorni  i:f  inorj^anlc  m'>ni>-  and  dl-hydrngen  pboxphates-  A  VAtlahle 
(racllon  may  exi.st  in  organic  form,  as  glycctophusphoric  and  phospbocari^c  acid.  The 
organic  pho^phoms  is  increased  in  fasting,  cnloroform  aueslneaia,  morphin  poisoning, 
knd  some  paihiilngii  iimdilions. 

Phosphorus  Compounds  of  the  Feces.— Theac  ar«  derived  partly  (rum  anabsorbed 
phosphates,  from  intestinal  secretions,  and  from  the  bacteria.  They  include  \-ariou* 
wganic  forms,  nudeins.  ler'illilns,  etc;,  as  well  as  calcium  and  other  ioorganlc  phosphates. 

Rdle  of  Organic  and  Inorganic  Phosphate  Compoimds  in  Nutritioo. 
— Animals  which  receive  an  adequate  supply  of  inorganic  phosphates  re- 
quire verj-  little,  if  any,  organic  phosphorus  compounds  (Review,  Marshall, 
1915).  The  presence  of  some  organic  phosphorus  in  the  food  appears  to 
favor  nutrition;  but  this  may  be  due  lo  the  association  of  some  "vitamin" 
or  similar  substance. 


PILVHlL\COl 


Sr&theiisof  L«d(liin.-Mi«»clici.  lAgb,  dntuceil  that  Uitproduclkadrwindd 
In  the  fasliiii;  salmuni  musl  bvulvc  the  lyntbrsi*  at  kugc  amuuntt  of  nh<i»[^i>| 
tua  from  tnorRaiUc  photphorus  rDniptiund*.  Rochinuin,  190B,  sboacd  Ual  ucrtat 
be  maintained  for  two  ccncialiotiii  on  kdiJun-irce  food;  awt  Fli^crli^t.  K'l.u' 
McCoUun,  Halpin  and  l)Tr4rli»,  ti)ti,  demonstrated  Uiat  Ihe  orcnnic  ^be^um^ 
cffi-yc^lc  can  be  formed  from  iaorsiuiic  pfaosphonn  compounds  sbtc  it  it  not  tfaa- 
Uaed  i[  Urdt  an  kent  on  n  dirt  free  (ram  organic  phoaphorus.  PJIi&RMr,  iftkimt 
to  Ihe  unie  coaclu^Ion.  Mainllum  (uund  no  pboqtbate  font  in  the  micJci,  toultW 
nadeiai  are  probably  not  (ormwl  here. 

I  Doily  Phottphonis  Roquircmonl. — Cndn  ordinaiy  condllloia,  tbr  daily  pho^lMni 
excretion  <.•!  nurmul  liumun  uiliill?  if  ttiuivslmt  to  about  i.j  to  1.75  Gm.  nf  P.  ("i^' 
3.5  Gm.  u(  I'O..  Thismuil  bercplaccdbyacurrctpondinsinciMnc  topreMm«l«luct> 
The  oidiniir)'  diet  conliuoK  almiit  Ibix  amount  (frosi  i>5>  to  $M  Cm.,  avenge fCttii 
of  POt  (T^lierniaii,  Meltier  and  SSDclair,  loio).  Undirr  tpeeial  coadiliMi  d  At 
equilibnum  maj-  be  prrierved  teroporartl)-  witb  0.9  (im.  of  P.  ThJt  b  tho  Ott  i»di|i 
daily  excretion  m  failing. 

Phoapboms  Balanc*. — Incrta&nl  Intake  o(  phutphoruji  cumpoundt  i«  tdDoari  I7 
iDcrcaiea  eliminaCiun:  in  cnrnivtira  mainly  by  the  urine;  in  bcrhjvixa  mainly  b(  tM 
Iccct;  in  omnix-ora  by  dthrr,  according  to  the  diet.  A  portion  <<r  llw  excaaiinfMaA 
Cspedall^  In  xrowInK  animaU  or  after  wasting  dlMates.  The  retention  i-  ifnriH^ 
by  deficiency  of  calcium  or  exce»  of  magnevum  in  ilie  food.  TW  boart  oeailitt!* 
important  depotK  (or  n  phnnphnte  rcKr\-e.  The  dtpudlioa  of  phosphate  In  itcfl  h 
blndeitd  by  Inorjcuitc  acldi,  calcium-pmipJtatlnK  lont,  orhlfh  poUMiura  or  )o«( 
CODtCDt  of  the  ralion. 

ExcUion  of  the  pnnthyrcddt  iti  followed  by  Bmrked  retention  of  phosphonu,  1 
Ing  it^  cmci-nintiirin  in  the  blooil  (Orecnwald.  ioi6>. 

Defldent  PhosphofUB  Income.— If  thti  falls  bdow  tbe  normal  tEinitRmcM,ikn 
cretioD,  and  finally  the  phoinhorus  content  of  the  liwae*,  i*  diminished.  Tnii  mm 
leadt  todiMutbanrefuf  Kroirthand  nutrition,  ttiespooey  tlHueo(lhebaBabda|wi> 
aflrcied  (Mnulow.  1914)-  The  bones  become  soft  and  flenible  wbcn  their  phetfAMw 
content  hnb  fnllcD  by  onc-axth  (Heubner,  1914).  In  lasting,  the  lot*  of  photplwin  ■> 
conwderalilc. 

PboBphorus  Compotmds  as  "Tonics." — As  was  pointed  out  tn  lb 
introductory  paragraph,  the  extensive  employment  of  phosphiie  cw 
pound»  JUS  toni<:ii,  pailicularly  as  "nerve  foods"  wa.5  baced  00  mlttika 
theoretical  concq>lion$>.  Wilh  the  doubtful  cxcq)tion  of  Icdtbin,  it  1Kb 
all  experimental  or  reliable  clinical  foundation. 

Phocphorua  In  Nerve  Tissiie. — Phmphntids,  (specially  lecitUa.  ar«  ocaUiMd  I* 
gland%  cell  rarmbranc*  (especially  of  the  icd  connudct),  and  Dcrvo  iImuc,  •heftlJe' 
mbierve  imporlaut  pllv^il:3Ll  and  chemical  (uDCllana.  Kervoat  titmie  i>  ikh  la  l^O" 
phorns  (K  per  cent,  ol  RioiKt;  i)j  per  cent.  o(  dry);  but  sol  more  to  than  gUaal" 
organs.  Its  ohosphntid  content  (17  per  Mnt.  of  drv),  however,  i«  three  timnare*** 
that  of  glandi.  Its  importanoe  therefore  can  not  ne  doubted;  but  tbe  peiccnttp" 
pho*ipIit)ni^  it  not  dccrwed  even  in  Mvere  nervout  ditcaMt  (dementia  prccoi).  ^H' 
vouB  diMMiscK  arc  therefore  not  due  to  deAclency  of  lecithin  (W.  Koch.  1900). 

Even  in  icroirih.  when  tbe  nervous  liwue,  and  theidore  ili  lecithin,  increMci  "Vfi' 
an  abundance  nf  phoKphorut  compounds  is  supplied  by  the  food.  Moreover,  ailt 
looS,  f^uwnl  that  even  In  extreme  phiMphorus  Marvatlon  the  tltjun  knfi  on  dtf 
pnosphorut  content  by  drawing  on  the  phosphates  of  the  booes.  Tbe  eflects  d  aw 
nolding  ot  adding  inorganic  and  organic  photphorus  compound!,  to  tbe  food  ef  f'"*' 
ia(  dogp  «M  stuped  by  Durlach.  loij. 

Tl^  lecithin  content  of  different  tisaues  was  studied  by  Cruikihaak.  igi5;Ubtli> 
discussed  In  Merck's  Reports,  16:6. 

LECITRIH 

Graeral  Statement.— This  i$  probably  the  most  praBUag  rf  dH|lM 
phorus  tonics.     There  is  at  least  some  experimental  evideBR  thil  1* 

adminislJation  favors  growth,  although  this  is  open  to  sufiptdoti-  It  tx* 
not  achieved  a  secure  place  in  therapeutics.  The  occurrence,  comiwiu* 
and  properties  have  been  sufficiently  discus.scd  in  the  precediofpaiigraiil* 


PHOSPHOHUS   COMPOUNDS 


LecHhin  Content  of  Food. — Tlic  ordjiuuy  miieil  diet  contnini^  ai  Icul  5  Cm.  of 
bcilhin  dai!)';  and  thii  cuit  be  Joubtecl  by  aildini;  n  couple  of  r^gs  (eiqi-yolk  contains 
tS  pet  cent,  of  ledibia);  or  by  liver  or  ittreethiciidi,  nhkh  nmUo  rich  in  pbo«phoru». 
In  GompsriiOD  with  ihU,  the  phosphorus  content  of  mnlkinn  is  rldiculouily  small; 
lor  instance,  the  doily  dote  of  lecithin  amount*  to  only  0.2  Cm.  Iitilk,  however,  b 
iUberpoaru)1cdthin<t  pintcoDiainto.j  too.4  Cim.)  (W.  Koch,  1905);  but  the  orgim- 
km  Is  able  to  synthetiee  Its  lecithin  from  InorRsnic  phu^iihuic^. 

Fate  of  Lecidiia. — .Modern  invnliea tors  nsccc  that  Utile,  if  any.  lecithin  ii  absorbed 
IS  jiuch  (contrary  to  the  opinion  of  Runge):  out  that  the  (itc-splltling  enxymc»  of  the 
blcflines  split  off  the  ^lycorophosphoric  acid,  which  it  further  dccompoaed  into  ph«^ 
ihofic  acia  before  it  i«  aboorbed  (Bokay,  lit;?;  PaM|uali»,  1893;  Plimmcr,  iQij). 
'onsibly  ft  fractioD  ol  the  glycerophocphorjc  add,  and  even  of  undccomposed  Icdthtn,  is 
Issorbeil  before  the  cleuvuKe  i*  completed.  In  this  cue,  or  if  the  lecithin  i<  totroduced 
orenteially,  the  clenvo^  occur*  in  the  tiisuea;  the  excretion  being  entirely  at  inorganic 
ihMpbates. 

Hhcta  on  Growth.— Lhmilewsky,  i8qs  and  1S06.  believed  that  feeding  iMlated 
edlhin  stiinulate*  the  proceue*  of  growth,  producing  inctcoie  of  red  cnrpuiclei  and 
ocelcratcd  physical  development  as  compared  with  control  animals.  The  urowth  of 
lants  ms  also  Sncmied.  The  diviiion*rate  of  parunecium  is  buteDc<l  by  ledUiin 
to  •  sqptler  degree  alw  by  cholulcrol)  (Browder,  191  $), 

SacctheexptHmentalquantiliei  were  too  small  to  h.ivc  much  food  value,  they  would 
kave  acted  a*  true  stimulaulv     However,  n  vrilicu.!  ^[tiiudp  toward  Ihcic  stulemcnt» 
Ippcars  juxtiliei).     It  is  mthcr  remarkable  that  the  addition  of  thcw  smuU  doses  of 
Kdated  ledthin  should  have  cllecis  which  ate  not  produced  bjr  the  much  larxer  quonli- 
'■"  in  the  ordinary  diet.    Moreover,  several  recent  invesiiKatora  (Goldwb,  1097: 
limoto,  1910]  were  unable  to  conSrm  the  experimcntBT  data.    They  obtained 
'Ivc  results  even  iriih  lonK-continurd  administration, 
the  other  hand,  the  lipius  of  eicc-}vlk  or  butter-fat  have  a  positive  effect  on  the 
iwth  of  rats  kept  on  a  uniform  ardfioal  diet  (McCotlum  and  Davit,  1014:  Oiborse 
id  Mendel)  1  but  this  is  not  due  to  phospho-ljpint. 
BffMs  on  Metabolism.— The  statements  arc  similatlycoDlradlctory.    Tunoicllffe, 
'9906,  and  Slowtzoff.  t9o6.  dexribed  retention  of  niirotten  and  phosphoric  acid. 

The  Clinical  Data.^Thnc  are  even  more  uniiniiffnctoty  than  the  cipctimcntal, 
allhouKh  apparenily  succe»iful  tonic  and  hematinic  effects  have  been  described  (t-t-, 
"erono.  i.Sg;;  Cronhcim  and  Mueller,  190J,  etc.). 

Action  on  Circulation.— I >aii lie wsky,  1906,  and  Mfchallowsky.  igio^  and  Kalxnelson, 
<io^  slate  that  the  heart  of  frogs  and  rabbits  is  stimulated  by  dilute,  depressed  by 
^eenlmtcd  solutions.  I.ifschiti,  1910,  describe*  rise  of  bloocl  picuure  and  cardiac 
iBUlation.  L.asrruw  and  Woroozow,  igii,  produced  a  m.itkpd  aniAgoniitic  effect  to 
rdiac  poison*  (chloral  and  other  lipolytic  sarootics)  in  mammals,  by  the  intravenous 
tionof  0.1  Gm.  per  kilogram,  as  $  per  cent,  emulsion.  Much  larger  doses  were 
letn.  The  results  were  stIU  more  marked  In  excised  hearts.  They  attribute  the 
portly  to  direct  cardiac  stimulation,  partly  to  disintoxication  of  the  lipolytic 
.  Hauschmidt,  lotj,  confirms  that  intravenous  injection  is  harmtrsi  and 
the  toxicity  of  the  lipolvtic  narcotics  and  also  of  curare,  strychnin  and  morphin; 
lat  it  incrcnsM  the  toxicity  of  ricin. 
KOle  in  Fst-Asaimilatioo. — Bloor,  tgis  and  toil},  found  that  the  leiilliim  content  tf 
blw!  tnctea^ei  10  tu  a  per  cent,  dunnx  the  absorptinn  of  fits,  grnerally  parallel  to 
|lbe  increaie  of  blood  fat-  The  accumulation  of  lecitliin  is  Krea»'»t  in  the  corpuscles, 
|Whicb  contain  about  twice  as  much  as  the  plasma.  The  choleitel  content  (which  U 
Hit  equal  in  the  corpuscles  and  plasma)  is  not  increaaed  by  feeding  fats. 
TtaCM  data  indicate  an  imiHMtant  rAle  of  lecithin  in  fal  os^milalioo.  Bloor  believes 
ithin  is  a  rc^lar  itage  in  fat  metabolism,  through  which  ali  fats  must  pas*  before 
■auraiiaii-d.  The lormatjon  of  lecithin  probably  occurs  in  the  liver. 
iln  on  Cutaneous  Absorption. — Bor»him.  loii,  claims  that  small  amounts, 
into  the  skin  before  the  application  of  3,  potaBium  iodid  solution  increases  ill 
itkin;  while  large  iinoutits  have  the  reverse  cflecl.  Gluco»e,  salicylic  add  and 
tanu<  toiiii  weie  not  absorbed. 
Administratioa.— Commcrdal  ledthin  may  be  administered  as  i^US,  0.1  to  0-5 
Cm.,  1 1^  to  8  p.  per  day;  for  Infants,  one-third  of  this  dowgc.  ft  has  alto  been  given 
hypixlcrmlcalty,  i  c.c.  of  ;  per  cent,  in  oil;  but  in  view  of  the  impurities,  this  Is  not  ad- 
'isable.  It  is  incoopatililc  with  alkalies  (Details  of  administration;  Merck's  Reports, 
•■■*o). 


IIAXVAI,   OP   PFARUACOI 


PHTTm 

This  consiiu  r>t  the  ulu  (luunlly  rjtkium)  ol  an  ontank  phMphofk  uM,  fnbiMi 
eoftUimaK  Inosit  (pnaumably  iiKuit-htxacibosphanc  acid).  It  U  wide))'  Janiiwd 
inphinti  (bibliugnphy,  A.  R.  Rnoc.  i<fii).  It  h  orepand  from  plant  acob.  ud te 
bnn  proposed  lu  «  substitute  lor  lediliin.  It  ii  aiwoibcd  and  laetaboliKd.  hit  ■■*< 
be  deoompn«ed  brforc  it  can  be  ixMd  by  the  tiMuct.  Abundant  amounts  ait  otMiM 
in  ontinary  food;  and  Ihccc  is  noL'icai  L^idciKc  that  it  i»  superiar  to  inorganic  phaiiJMM 

OLYCEROPHOSPHATSS 

'nme  are  abaoriMd  in  part  unchanged,  but  for  thcgicaicr  pari  sndccampOKlU 
tbe  int«alinM  into  ordinary  phmphntcx  (Pllmntec,  igij).  The  escrMjon  k  olfaul; 
at  phosphate. 

Since  lecithin  h  tptit  into  BlyotTophotphaten  in  the  intestine*  it  w»*  idOHU^  Yi 
Puqualis,  iSg4,  Buclow.  1894,  and  Robin,  1894.  (hat  the  <Ur«ct  adwInlWTatWr  it 
thp  chtaper  Klyr.eiophoepbate«  (Mpecially  the  cakium  lali)  should  accomplbli  tbr  um 
rciulti.  nuH'i<\-er,  according  to  WlllMacticr,  the  lycihciic  g1>'ccro()b(MphurK  inl  it 
lul  idcnlical  nith  that  formed  trom  lecithin.  In  any  event,  (be  evidence  oi  il)  M- 
ftilneKi  is  even  le»  convindne  than  for  ledthin  <Report,  Counc,  Phana,  Cbaa,  i«ifk 
J.  .\.M..\..  67:1053). 

A  proprietary  compound  ol  Klyi-rcupliu<<p)iiite«i  und  caatJn  haa  been  wUrif  lad 
eiiravagantly  advertised  aa  "SanuiuKen."  It  Lt  a  ver}'  coally  food,  in  no  Mue  h^vIh 
to  ordinary  cucin,  such  as  cottage  cheoe  (Street,  19141. 


nli«< 
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PREPAXATIONS — GLYCEKOPnOSPUATES 

Cilcii  Clyerrapkaifliai  (Calc.  GlyceraphoR.],  U.S. P.;  tbe  normal  calcius 
Slycetopho»phoric  add  CCtHt(OH)iPOiCa).— The  mast  oonunonly  itaed  Klym 
pbate.  Fine,  white  powder;  odorlest  and  olmoitt  laiuleaa,  wmewbat  liydN 
Sol.  in  water  (i:$a);  inaol.  in  ale.  Solutions  of  glyc«ropfaosphatea  ate  decompc 
beatinic,     Datr.  o.ij  Gm.,  4  g(..  U.S.P. 

Sod.  GtyteiBpkoi.,  U.S.P.— Not  leu  than  AS  per  cent,  of  CtRt(OII)iPOtNa«. 
plates  or  acftlts,  or  powder;  Mllne  la«tc.  Very  aol.  tn  water;  nearly  inaol,  Inak- 
css  Om..  4  Br.,  U.S.P. 

ii'(.  Soi.  GSyf^raph-o..  U.S.P,— Xol  :eM  than  50  per  cent,  of  Sa,C.H.^OH 
Doie,  0.3s  ex.,  tt  minima,  U.S.P. 

HyPOPHOSPHITBS 

0«mnl  StatDtncnt.— Th»e  n<eii^  introduced  by  Churchill,  i8jt,  agaioM  tal» 
Cidoiu^on  tile  Ibeury  Ihut  phthisis  ii  caused  by  lack  of  oxidation  and  IMI  lUiVMMbi 
(limulnted  bv  otKanic  phosphorus;  and  that  the  hypophiMpbitea  irouiil  be  ooowbd 
into  this  "phoipnalide  clement."  On  the  baait  ol  ihlt  famastk  Iheiicy,  Ikn' b<t 
been  used  cotuideiably  as  Ionics  in  tobercuJoais.  Tlic  clinical  eviitence  b  lookmUo 
and  tlic  experimental  evidence  is  genenllv  acffitive  (itarriott,  1916),  Rqioll  Cta* 
I'hium.  Cliem.,  loib,  J.  A.  M.  A.  ,67  :76o). 

The  bypophmphitc*  are  excreted  rapidly  and  almost  co4ni4ciely  unthaapedlSj^ 
cent:  .Marriott,  igii^)  by  the  urine  (Paquelin  and  Jolyj  Boddu«tt,  18951  3Stmi  •*■ 
Gamei,  1901);  a  trace  may  piniibly  be  oxidiacd  (Dmini,  191 1).  (Patto,  i9io,dii*> 
that  only  a  fraction  is  excreted  unchanged.)     They  arc  ihm  diuretic. 

The 'unscientific  status  of  the  hypophospliitea  is  reOected  in  tlie  palypteiww 
■yrap«  in  which  tliey  are  generally  pretcribed,  lucli  as  tbe  Syruptu  H>jMFnapfeilA 
U.S.P.,  contdnine  four  diRerent  hypophoaphites,  doK  10  cc.;  and  tbe  Syrapot  Un* 
pluMphitum  cum  Kerrn  (dose  10  c.c.J,  containing  sit  hvoophosphiles  beddcs  tfMB  0a 
atrycnnia;  there  is  also  an  cmukion  of  cod  Uvcr  oil  wlto  nypopho^iUles. 

The  hyponbosphite*  ore  easily  soluble  b  watct;<loK.  0.1  to  1  Gia.;  t  Uijp.  I" 
cnlcium  Mlt  la  probably  the  most  important. 


i-KEi'ARATioNs— HVPOPHosmrres 

Atidum  Uvpepluiiphitrotum  (Add.  Hypophos,),  U.S.P. — About  ti  par  ctoL  • 
HPH^t.    Colorlcn  or  clltihllv  yellow,  odorless  li(|uid.    Ifiterttdy  add  taaU. 

AtU.  Rypophoi.  Ihl..  C.S.P.— About  to  per  cent,  of  UPUiUi.    Coloflaa,  odid* 
liquid;  strongly  add  taste.    XVi<,  0.$  cc.,  8  minims.  U.S.P. 

Cofe,.-  aypcphatpUt  (Calc,  Hypophoa.),  O.S.P.,  B.P.;  Ca(PUiO)>i.-OiMM. 
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transpamit  raisms,  or  inaSi  lustrous  sc&lea,  or  a  white,  crystaUine  powder;  odorlcu, 
nauseous  and  bitter  taite.  Freely  sot.  in  water  (1:6.5);  ii>>ol.  in  ak.  D*if,  o.j  Gm., 
8  gr.,  U.S.P.;  0.1  to  0.6  Gm.,  3  to  lo  gr.,  B.P. 

Pol.  Hypoplm.,  O.S.P.;  KPHiOi.— Very  soL  in  water  (1:0.6).  D0tt,o.%  Cm.. 
8  gr.,  U.S.P. 

Sod.  Bytafkos.,  U.S.P.,  B.P.;  NaPHiO,  +  H,0.— Saline  taste.  Freely  »I.  in 
water  (i:  i);  sol.  in  ale.    Dose,  i  Gm.,  13  gr.,  U.S.P. 

SyrMpiu  HypapbupkUum  (Syr,  Hypophos.),  U.S.P.^CoDtains  a  mixture  of  caldum, 
potassium  and  so^um  hypophosphites  (total,  7.5  per  cent.},  acidulated  with  hypophos- 
phorous  acid.     Dose,  loc.c,  2^  drams,  U.S.P. 

Syntfnis  Hypopkospkiium  CompesUtm,  N.F. — Contains  the  above,  also  the  hypo- 
phosphites  of  Fe  and  Un,  with  quinin  and  strychnin.  Doit,  10  c.c,  t  dranu;  contuni 
II  mg.  m  gr.)  quinio;  t.i  mg.  (Ho  ff-)  itiyuuun. 
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APPENDIX  A.— TABDIAnON  OF  AVERAGE  DOSES 

The  following  list  may  wd  in  memoriang  the  subject.  The  drugs 
have  been  divided  into  four  groups,  according  to  the  order  of  their  practical 
importance.  It  is  not  advisable  that  medical  students  should  trouble 
themselves  with  group  D. 

AVERAGE  DOSES 


Medical  StudcDts  are  not  required  to  memorize  Clua  C 
Gaotrp  A. — Highest  Ikpobtance 


SeopoUmio 

Atropin 

Strophanthin 

Stiycbnin  S»lto 

Anen.  Trioi,  . 

Mercuric  S&lts 

Apomoiph.  Hydrochl 

Motphin  Salts 

PQocuinii  Salts 

Rydnrg.  Cblor.  Mit 

Codein  Salts 

Sp.  Glyceryl.  Nit 

Opium 

Quinin  Salts 

Arsenic  Solutions 

(Except  Lfq.  Arsen.  et  Hg.Iod 


0.0003  Acetanil o.a 

0.0005  Heiam o.aj 

a. 001     Acetphen 0.3 

o.ooij  lodids,  Sod.,  Pot.,  etc 0,3 

o.ooa     Bismuth,  Insol.  Salts 0.5 

Chloral  Hydr 0.5 

Tr.  Digit o.j 

Tr.  Opd 0.5 

Bicaib.,  Sod.  01  Pot I 

Bromida,  Sod.,  Pot.  etc i 

Salicylates,  Sod.  ot  Stront i 

Inf.  Digit 4 

Tr.  Opil  Camph 4 


0.003 
o.ooj 
0.008 

O.OI 

o.ois 
0.03 

0.05 
0.06 
0.1 

0.1 

O.l) 


Gsorp  B. — Veby  Ihfobtant 


Phosphor 0,0005 

Epineph 0.0005 

Physostigmiti,  Sal o.ooi 

Diacetylmorph.  Hydrochl 0.003 

Elaterin a.003 

Antim.  et  Pot.  Tart 0.005 

Res.  Podolpb o.oi 

Alois 0.015 

01.  Tiglil 0.05 

Digit 0,06 

Santonin 0,06 

Sod.  Cacodyl 0.06 

Sod.  Nitris 0.06 

Caffein 0.15 

Amyl  Nitris 0,1 

Campb a.) 

Aloe o.JS 

Cupr.  Sulph o ,  as 

Ferr.  Carb.  Sacch o.  15 

Mass.  Ferr.  Carb 0.15 

Mass.  Hydrarg 0.1^ 

Terpin  Hydr o.»5 

Acid  Acetyl  Sal 0.3 

Ammon.  Carb.  or  Chlor 0.3 


Antipyr 0,3 

Caff.  Cit.  or  CaS.  Sod.  Bern 0.3 

Tr.  Aconit 0.3 

01.  Santal 0.5 

Pulv.  Ipecac,  et  Opii 0.5 

Salvarsan 0.5 

Tr.  Nuc,  Vom 0.5 

Tr.  Strophanth 0.5 

Veronal o ,  s 

Methyl  Salicyl o.  75 

Neosalvarsan 0.75 

Sulphonal  or  Trional o.  75 

Acetate,  Pot.  or  Sod i 

Add.  Hydrochl.  Dil 1 

Calc.  Carb i 

Case.  Sa^.  Fldext i 

Citrate,  Pot.  or  Sod i 

I^ac 1 

Liq.  Hypophysis i 

Syr.  Ipecac 1 

Syr.  Ferr,  lod. i 

Tneobrom.  Sodio-Sal j 

Knc,  Sulph 1 

Case.  Sagr.  Arom.  Fldext t 


Sig 


820 


MANUAL   OF   PnAHUACOLOGY 


Ergot,  FIdext i 

Mag.  Oxid ,  .  ,  » 

Oleorea.  Aspid i 

Paraldehyd. 3 

Pulv.  Jalap.  Co i 

Sp.  Amman.  Aram > 

Mag.  Carb 3 

Pulv,  Glyeyrrh,  Co .  t 


Hod.  Phoa .,  4 

01.  Morrb w 

Pot.  et  Sod.  Tart 10 

Syr.  Rhci  .\tom w 

01.  Ricin    ,  15 

Petrolat.  Liq is 

Sulphate.  Mag.  or  Sod  i{ 

Liq,  Mag.  Git  J« 


OZOUV    C. FAIBLY    ItlPOKTANT 


Aconi'Iin ,    .  o.oooi 

Hyuscyainiii 0.0003 

Colchicin , ,  .  , o  0005 

Homatrop.  Hydrobr o .  0005 

Ouabain o'  0005 

Hydra rg.  Salic 0.004 

Sod.  Arsen o.ooj 

Arg.  Nit o  01 

Ext. Cannab. o.ot 

Hydrarg.  lod.  Flav.  .    .  0.01 

Hydraslin o.oi 

Sparttin.  Sulph ...  o.ot 

Elhylmorph.  Hydrochl  .  0.015 

ExL  Bellad.  Fol 0.015 

Cocain  Hydrochl.,.,    .  .  0.015 

Ernctin.  Hydrochl.    .  o.oi 

Erylhr.  Tetranil .  0.03 

Ext.  Opii .  0.03 

HydrBslinin  Hydrochl.     .  .  O-03 

Bellad.  Rail.,  FIdext.      .        .  0.05 

Canoab..  FIdexl .    .  o.oj 

Fldent.  Ipecac 0.05 

01.  Phosphor. 0.05 

Papavcrin  Sulph ^ o.oj 

Thioslnamin 0.05 

Cotaruin.  Hydrochl 0.06 

Ext.  Colcb 0.06 

Ext.  Hyoscy o .  06 

Ferr.  Reduct 0.06 

Phenol 0.06 

Plumb.  Acet 0.06 

Pot.  Permaug 0.06 

Acid.  Hydrocyao.  Dit. ...,..,,..  o.  i 

Em.  Fel,  Bov o.  I 

Ferr.  Sulph.  Exsic o.  i 

Tr.  lodi,  .- 0.1 

Resorcin o.  125 

Thymol 0.115 

Zinc.  Acet.  or  Valer 0,115 

CinchoQin.  or  Cinchonidin.  Sulph .  o.  15 

M ethyl thiouin.  Chlor 0,15 

Phenolphthal o.  15 

Volatile  Gila 0.2 

(Except  01.  Amygd.  Amar 0,03) 

(Except  01.  Tereh.  Rect 0,3) 

(Except  01.  Cubcb 0.5) 

(Except  01.  Eucalypt 0.5) 

(Except  01.  Sant^ 0.5) 

(Except  O!.  Gaulth 0.75) 

Beniosulphinid  (Sod.) o.? 

Bromof 0.1 

Hyoacy..  FIdext 0.1 

Liq,  lodi  Co o,  j 

01.  ChcDopod O.J 


iQuin.  Tana ..,..  OJ 

A^fiEt 0  ij 

Creosot *-lJ 

Ext.  Case.  Sogr a  >i 

Ext.  Ergot ...,  0  »J 

Ext.  (.eot . ,  0.1! 

ExL  Rhei -  /. a  15 

Ferr.  et  Ammon.  Cil fl  'i 

Ferr.  Phos alt 

Glycenipbos.,  Cak.  or  Sod.    ,       s  i; 

Hydrarg.  c.  Cret ,      0  ij 

lodof eij 

Pellet.  Tann 0 'i 

Pot.  Chloral  .      .,    o.lj 

Sod.  PhenoUulpk B-t] 

Tereben ,  oH 

Thcophyilin.     ...  ....  0 1) 

Tr.  Gd*em 0  1 

Chlorol , *  J 

Phenyl  Sal ,,, ».] 

Piperaxin ..    o.J 

Acid.  Benz 0  i 

Acid.  Bor 0  3 

Acid  Phenylcinch *i 

Acid.  Tann  ..    , ,      9i 

Alum OS 

Butyl  Chloral  Hydr oj 

Calc.  Chlor.  or  Lact oj 

Chlorbutanol 0  ! 

Guaiacol 0  S 

Hypophoa.  Calc.  or  Pot «  S 

Lith.  Carb.  and  Citr.  0  J 

Oleores.  Cubeb 0  J 

Pancrcat ».S 

Pepsin o.j 

Pot.  Nitras .  aj 

Tr.  Cannabis 0  S 

Tr.  Capsic o  J 

Tr.  Ferr.  Chlor. «  S 

Tr.  Veratr.  Vir o.J 

Apocyn.  FIdext 0.7J 

Sod.  Bor 0.7J 

Tr.  Bellad.  Fol 0  7J 

Acid.  Camph i 

Acid.  Nitrohydrochl.  Oil 1 

Ether ' 

Ethyl  Carbarn 1 

Benzoales,  Sod.  or  Ammon 1 

CarboLig ' 

Copaib " 

Ext.  Tarai 1 

Guaiacol.  Carb i 

?uin.  et  Urcae  Hydrochl ' 
alicin i 


i 
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Sax 


Sp.  Camph 

Sod.  Hypophos 

Tannalbio 

Tr.Lobel 

Tr.  Scill 

Vm,  Aotim 

Vin.  Coleh 

Sod.  Phos.  Acid 

Spirits 

(Eicept  Sp.  Glyceryl  Nit. , 
(Except  Sp.  Amygd.  A  mar. 
(Except  Sp.  iEther. 


(Except  Sp.  Juniper  Co 

Acid.  Acet.  Dif. 

Acid.  Plioap.  Dil 

Acid.  Sulpn.  Arom 3 

Fidext.  Buchu t 

Fldext.  Glycyrrh i 

Fldeit.  Senn 1 

FIdext.  Hydrast t 

Pot.  Bitart 2 

Sp.  £ther.  Nitros 1 

Sp.  Chlorof a 

Syr.  SciU 3 

Syr.  SciU.  Co. a 

Tr.  Card a 

Tr,  Cotch 3 

Tt.  Guai&c  Ammon a 

Tr.  Hyoscy a 

Tr.  Quass a 

Tr.  Rhei  Atom a 

Tr.  Valer.  Ammon a 

Tr.  Sngib a 

Uvat  Utsi.  FIdext a 

El.  Ferr.  Quin.  et  Sttych,  Phos. . .  4 

Glycerin 4 

Liq.  Hydrog.  Dioxid 4 


Magma  Bism 4 

Pot.  Cit.  Efi 4 

Senn 4 

Sp.  (£ther 4 

Sulphur 4 

Syr.  Pic.  Liq 4 

Syr.  Seneg. 4 

5        Syr.  Senn 4 

Tr.  Calumb , 4 

05)     Tr.  Card.  Co 4 

S)       Tr.  Cinch,  and  Co 4 

Tr.  Gambir  Co 4 

Tr.  Gent.  Co 4 

Tr.  Hydrast 4 

Tt.  Kmo 4 

Agar 10 

Aq.  Camph 10 

Aq.  Creosot 10 

Uagma  Mag ^ lo 

Mbt.  Glycyrrh.  Co 10 

Sinapis 10 

Syr.  Hypophos to 

Flavonng  Syrups is 

i  Except  Pic.  Liq 4) 
Except  Pruni.  Virg 4) 

Flavoring  Waters is 

(Except  Aq.  Amygd.  Amar 4? 

Aq.  Chlorof 13 

Emuls.  Asafoet 15 

Emuls.  01  Morrh 15 

Ext,  Malt IS 

Ijq.  Anunon.  Acet 15 

IJq.  Calc IS 

Mut.  Cret is 

Uucil.  Acac 15 

01.  CMiv 30 

Ferr.  Hydrox.  c.  Magn.  Oxid i  ao 


Gaotxp  D, — Slicbt  Iupoktance 


Anea.  lod 0,00s 

Aur..  et  Sod.  Chlor 0.005 

lodum 0,005 

Sod.  Arsen.  Exsic 0.005 

Ext  Physostig 0.008 

Ext.  Aconit 0.01 

Ext.  Gelsem o.oi 

Ext.  Stramon o.oi 

Ferr.  Sulph. , 0.01 

Hydrarg.  Sucdnim o.oi 

Uran.  Nit o.oi 

Aconit.  FIdext 0,03 

Benzaldehyd o .  03 

Chrysarobin 0.03 

Ext.  Colocynth o .  03 

Gelsem.  FIdext 0,03 

Hypophysis  Sice 0.03 

Oleores.  Capsic o .  03 

(^eores.  Kpec 0,03 

(Meores.  Zingib 0.03 

Trinitrophen 0.03 

Trit.  Elaterin 0.03 

Vanillin 0.03 

Cresol 0.05 

Menthol 0.05 


Nuc.  Vom,  FIdext o.  05 

Sod.  Arsanil 0.05 

Arg.  Oxid 0,06 

BeUad.  Fot 0.06 

Calc.  Sulph.  Ven o .  06 

Capsic 0.06 

Colocynth o .  06 

Euonym.  Ext o .  06 

Ferr.  Chlor 0.06 

Staphisag 0.06 

Stramon 0.06 

Strophanthus o .  06 

Tr.  Canthar o.  i 

Liq.  Ferr.  Chlor o .  i 

Sdll.  FIdext o  \ 

Verat.  Vir.  FIdext 0.1 

Bism.  et.  Ammon.  Cit o.  195 

Cambog o.iis 

Camph.  Monobrom o,  135 

Lobet.  FIdext 0.115 

Res.  Jalap 0.1  as 

Sanguin o.ias 

Zinc  Phenolsulph o.  las 

Colch.  Sem.  FIdext 0,1 

Eugenol o,  a 
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Liq.  Fcrr.  Subsulph , 

Ol.  Pic.  Liq 

Res.  Scamaion 

Bttanacithoi ,  .    .  . 

Caryoph ,...,..,, 

Ext.  Cimicif ...•,. 

CinDam 

Colch.  Corm 

Eit.  Colucynth,  Co 

Ext.  Sumbul 

Ferr.  et  Quin.  Cit - 

Glycrrh.  Ammon. ....    . 

Mangan.  Dio\.  Pr«c.        . , . . 

Moach 

Scammon.  Rad 

Sod.  Carb.  Moiwhyd  . 

Suprarcn.  Sice 

Zinc.  Olid 

Eucalyplol 

Glyccr.  Phenol 

Liq.  Sod,  Clyccropbnj..,..,,.... . 

Aiid.  Hydriod.  Dil 

Acid,  Hypophos.  Dil ..„i., 

Arid.  Tort ■ : 

Amnion.  Salicyl 

Anis , .    . 

Coiiand . 

Disstas 

Euonym,  Cort. , , . .  ,     ...    , 

Eit.  Hydrast.      . . 
Ext.  Vibum.  Prunif,  . 

Galla 

Kino . 

Lupulin 

Myriat ..h  ...  , .. 

Myrrh 

Oleorcs,  Petrosel - 

01,  Cajup 

Ol.  Cubelj 

Ol.  Euealypt 

Piper 

Fix.  Liq 

Podopb.,  Fldext 

Quass 

Tr.  Stramon 

Acid.  Salicyl 

Acet.  SciU 

Acids,   Dilute;  Hydrobr.,   Nitr., 

Sulph 

Add.  Gall 

Amylen  Hydr 

Aq.  Ammon 

Benzoin 

Card.  Scm 

Carum 

Chloral  Formam 

Cimicif.,  Fledxt. ., 

Cinch.,  Fledxt 

Creosot,  Garb 

Cubeb 

Fldext.  Arom 

Hdext.  Erodict 

Fldext.  Sabal 

Fcenic 

Frangul.,  Fldext 

Gambir 


Gentian  Fldexi...        .   .    ... 

Guaiac ... 

Ichthyol, . . 
Jalap. ..... 

Lactucar. . 

Liq.  Ferr.  Dial...., 

Liq.  Potass,  ur  Sod.By<biM,, 

Pot.  Carb ..   . 

Pulv.  Arom. . .  . 
Rhei,  Fldesl- ... 

Seneg 

Scmcnt 

Sod.  Sulpbb  Exac, . 
Sod.  Thiosulph.. . . 

Styrax 

Tr.  Aroic 

Tr.   Asafcet.. 

Tr.  Benioin     

Tr.  Myrrli 

Tr.  Pliysostig, .  . 
Viti.  Ipecac. - 
Zingib.,  Fldext. 

Calumb 

Emul.  01.  Tereb 
Eucaljpt.,  Fldext 

Crsnot.,  Fldeil. 

Gossyp.  Rad.  Corl.  FUezt. 

Grindel.,  Fldext .,(... 

Guaran.,  Fldext 

Paieira 

Pilocarp..  Fldext 

Pmn.  Virg, . 

Pulv.  Cret.  Co ..,,. 

Pulv.  Rhei  Co . 

Pyreth 

Sarsap..  Fldext.  and  Co... 

Sumbul.,  Fldext 

Sod.  Phos.  Exsic 

Stilling.  Fldext 

Tr.  Aloea 

Tr,  Benzoin  Co 

Tr.  Cinnamon 

Tr.  Lactucar 

Tr.  Lavand 

Tr.  Tolut 

Valer 

Viburn.  Prunif.,  Fldenl. 

Xanthox.,  Fldext 

Aspid 

Aspidosp.,  Fldext 

MelRosie 

Menth.,  Pip.  or  Vir 

Spigel.,  Fldext. 

Syr,  Acid.  Hydriod 

Tr.  Guaiac 

Tr.  Mosch 

Tr.  Rhei 

Tr.  Valer 

Liq.  Sod.  Phos 

Sassafras 

Sod.  Phos.  Eff 

Syr.  Calc.  Lactophos 

Syr.   Lactucar 

Syr.  Rhei 

Tarax.  Fldext 

Trit.,  Fldext 


1 

CHECK-LIST 

■ 

OF  P 

Sm 
(H. 
Pe 

REPARATIONS                        ^^^H 
!.Chlor 15 

■ 

^^^M 

Liq.  FrtT.  ft  Anunoit.  Acat. . . .    .   15 

TO ia 

^^H 

^1 

APPENDIX  B.— CHECK-LIST  FOR  THE  STUDY  OF 
I^tEPARATIONS 

Introductoiy. — The  student   should   kt-ep  «  separate  notebook,  ruled 
in  columns  as  illustrated  in  the  schema,'  into  which  the  names  of  the 
drugs  and  the  relevant  data  are  entered  as  they  are  studied.    The  prepara- 
tion of  these  tables  is  probably  the  most  eE&cient  method  of  learning  the 
subject.     The  synonyms,  origin,  miscibility,  dose,  and  remarks  will  be 
found  in  the  text.     The  appearance,  odor,  and  taste  should  be  studied 
directly  from  the  specimen.     It  is  highly  desirable  that  the  ph>'sician  should 
be  somewhat  familiar  with  the  physical  characters  of  the  principal  drugs, 
if  for  no  other  reason  than  that  it  will  give  him  some  confidence,  save  him 
some  embarrassment,  and  guarantee  the  proper  dispensing  of  his  prescrip- 
tions.    This  knowledge  may  be  of  vital  importance  for  the  prompt  diagno* 
sis  of  poisoning. 

Those  drug.i  which  may  be  readily  recognized  by  their  physical  char- 
acters are  marked  with  an  asterisk.    It  is  expected  that  the  student  will 
learn  these  so  that  he  can  identify  the  unlabelled  specimens.     The  other 
specimens  should  be  learned  sufficiently,  so  that  the  student  is  able  to 
decide  whether  or  not  an  urdabelled  sample  may  or  may  not  be  whatever 
is  suggested.    For  instance,  whether  a  white  powder  may  be  arsenic 
irioxid;  whether  a  colorless  fluid  may  be  Tincture  of  Nux  Vomica,  etc. 
The  drugs  which  are  bracketed  in  the  list  are  (or  inspection  only.    No 
data  need  be  entered  for  them. 

The  Materia  Hedica  Museum  FJiould  contain  the  drugs  miMilioaed  in  the  follow- 
ng  exercise*.     Thc»c  may  be  duplicated  tor  large  classes.     It  will  b«  lound  convenient 
to  arrange  the  drugs  in  the  ordci  of  tht:>  list. 

A  card  index  is  almost  indispensable.     It  should  give  the  case,  shelf, 
and  bottle  number,  and  these  should  also  be  placed  on  the  container^. 
The  labels  should  give  the  name  of  the   drug;  whether  it  is  for  idcn- 
Utication,  important,  or  unimportant;  and   whether  it  may  be  tasted. 
Separate  gummed  slips,  distinguished  by  colors,  are  very  handy  (or  thi» 
[>urpose). 

WlUTE  L.tBEI.S 

Strong  Poison!  "/..r 

identification. 

^1 

(Red  Label; 

(Red  Print) 

H 

Poison!  cIXW 

Important. 

■ 

Blue  Label) 

(Blue  Print) 

H 

Practicaliy  Harmless. 

U  n  i  m  p  0  r  t  a  a  t . 

■ 

I 

(Qroeti  Label  J 

>  Sw  ''Sehenu,"  piae  814. 

(Hla<-^  Print) 

1 

Explanaiory; 

(i)  Enter  the  full  Latin  name  and  the  abbreviation.  Synonjins  w 
English  Names  need  be  entered  only  if  they  differ  markedly  from  tiw 
Latin  name. 

(2)  The  origin  need  be  given  only  tor  drugs  or  preparations  derived 
from  the  organic  kingdom. 

CHECK  LIST  OF  IMPORTANT  PREPAJRATIOKS 

"H"  means  that  the  drug  is  harmless. 
"C"  that  it  may  be  tasted  cautiously, 
"Dnt.":  Do  Not  Taste! 


Colors 

Uq.  Carmin , ,  .  Dnt. 

(Coccus) Dnt. 

Tr.  Persion Dnt. 

Tr.  Curcum Dnt. 

Sugars  and  Syrups 

•Sacch H 

■  Sacch.  Lact.  Pulv H 

(Sacch.  Lact.  Cryst.) H 

•Syr H 

*  Syr.  Acid.  Cil H 

*  Syr.  Aur H 

■Syr,  Tolu H 

*  EUiir  Arom H 

(Glycyrrh.  Rad,) H 

•Syr.  Glycyrrh H 

*  Rdext.  Glycyrrh H 

•Elijt.  Glycyrrh H 

Aromatic  Waters,  Spirits  and  Oils 

*  .\q,  Cinnam , , ,  H 

(01.  Cassia) C 


■Aq.  Menth.  Pip H 

•  Aq.  Ros H 

•Tr.  Card.  Co H 

(Card.  Scm-) H 

FennentB  and  Nutrients 

Pepsin H 

Pancreatin H 

•01  Morrh H 

•  Emul.  01.  Morrh H 

(Ext.  Malt.) H 

Emollients 

•  01.  Oliv H 

*01.  Theobrom H 

•  Adeps  Benz Dot 

•  Adeps  Un.  Hyd DoL 

•PetroUt DUL 

•  PetroUl.  Alb Dnl. 

'Petrolat.  Liq Dot. 

Demulctnts 

■Glycer H 

Supp.  Glycerin. No  sprdnei 
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•Acac H 

•Mucil.  Acac H 

■Trag Dnt. 

•  Gelal Dnt. 

ftotectiTes 

•  AmyluDi Dnt. 

•  Talc.  Purif Dnt. 

•  Lycopod Dnt. 

*Lini  Sem.  CoDtus H 

(Linum) H 

•  CoUod Dnt. 

Ctdlod.  Flex Dnt. 

Cossyp.  Purif Dnt. 

Caoatic  Alkalies 

•  Pot.  Hydros Dnt. 

laq.  Pot.  Hydrox Dnt. 

Sod.  Carb.  Monohyd C 

Sod.  Carb C 

Ijq.  Calc H 

Lin.  Calc Dnt. 

Soap,  Snlfdtidi  «"H  Su^iiuir 

Sapo Dnt. 

•  Sapo  Moll Dnt. 

•  IJn.  Sapon Dnt. 

Lin.  Sapion.  Moll Dnt. 

Gale.  Sulphiil.  Ven Dot. 

■  Pot,  suiphurat Dnt. 

Sulphur  Sublim H 

•  Sulpfaur  Lot H 

Ung.  Sulphur Dnt. 

Ichthyol C 

CanMic  Adds,  IcNlm,  Tannin 

•.\dd,  N'it Dnt. 

*Tr.  lodi Dnt. 

(lodum) Dnt. 

•.Acid.  Tann C 

•  Glycer.  Add.  Tann C 

(GalU) DnL 

Tannalbin     C 

•  Tr.  Gambir.  Co C 

(Gambir; H 


Volatila  Oils 


*.\ufet 

*  Tr.  Valer.  .Amnion. 
(ValCT.) 

*  OL  Ttreb 

OLTnb.  Rect. 

*  OL  Fini  Pumil 
Topin.  H>-d.. . 
•OC  E«caI>T)t 
Eucalypti^ 

*  OL  CaryM>h 

*  Copaib 

■  OL  Santal 

'  Tr.  Benzoin.  Co. 
(Bessoiiij 

■  Bah.  Pemv 
(Bab.  Tolut.  . 

T*.  Myrrii 


Dnt. 

C 

H 

C 

C 

Dnt. 

C 

c 
c 
c 
c 
c 
c 

H 
C 
H 
C 
H 
C 


(Sinap.  Nig.) C 

Emp.  Sinap No  specimen 

(M.  Sinap.  Vol Dnt. 

(Do  not  smell  directly) 

Fixed  Organic  Irritants 

Emp.  Canthar No  specimen 

(Canthar.) Dnt. 

Tr.  Capsic C 

(Capsic.) C 

Chrysarobin Dnt. 

Bitters  and  CarmliutiTei 

Eit  Gent C 

Tr.  Gent.  Co H 

(Gentian) H 

•  Sp.  Menth.  Pip C 

(M.  Menth.  Pip.) C 

•  Tr.  Zingiber C 

(Ziogib.) H 

Bmwlln  CaUiartics 

Eit.  Case.  Sagr ,  Dnt. 

•  Fldext.  Case.  Sagr C 

•  Fldext.  Cajc.  Sagr  Arom II 

■Senna II 

Syt.  Senn H 

•  Pulv.  Glycyrrh.  Co H 

Syr.  Rhei H 

•  Syr.  Rhei  Arom H 

•  Tr.  Rhei  Arom H 

(Rheum) H 

Aloe C 

Aloin Dot. 

Phcnolphthal C 

Other  Cathartics 

Eit.  Fel.  Bov C 

•  01.  Ridn H 

(Mist.  01,  Ridn.) H 

Pulv.  Jalap.  Co C 

(Jalap) C 

Res.Podoph Dnt. 

(Podoph.  Rhiz.; C 

Oatenn ,.  Dnl. 

a.  Tiglii Dnt. 

Antlwlaiiolics 

Oleorci.  .\s[»d C 

f.Xspid.) C 

*J1.  Chenopifd.  C 

Pellet.  Tann Dnt, 

Santonin.     . C 


SCjycimn 


Strych,  N'it  . . 
E«t.  Xuc  Vom . 
Tr.  Nuc  \om. , 
'Xui  Vom,.     . 


Unt, 

Dnt. 
C 


CsSifai 

Caflein  C 

Cafl,  Cit C 

Caff.S«L»ena C 
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Theobrotn.  Sod.  Sal C 

Thcophyll        .    .    , ,  .  C 

Opium 

•Opium C 

•  Opii  Pulv C 

•  Misl.  Glycyrth.  Co H 

Pulv.  Ipecac,  et  Opii C 

•Tr.Opu C 

•Tr.  Opii  Camph , C 

Tr  Opii  Pcod C 

Morph.  Hvdrochr, Dnt. 

Elhylniotph.  Hydrochl,  .  ,  .  Dnt. 

Diactlvlmorph,  Hydrochl Dnt. 

CodeiD  Phos Dnt. 

Hydrastis,  Cannabis,  Cocain 

FldcxL  Hvdra^t H 

<Hydtasti^) H 

Exl.  Cannttb , , ,, Dnt. 

Cocain.  Hydrodil.. .,,,,., Dal. 

(Erythroiylan) ,  ..«.....■ C 

Atropin 


Homatrap.  Hydrobr. 
.\trop.  Sulph. ,  .... 
EitL  Bellad.  Fol. . .    . 

Tr.  Bellad 

Ung.  fleUttd 

Tr.  Hvoacv 


, .  Dnt, 

Dnt. 

.    Dm. 

C 

Dnt. 

C 

Stramon , ,  ,  C 

Scopulamin,  Hlydrobr Dnt. 

PilocAipia  to  Ergot 

Pilocarp.  Nit Dnt. 

Physostigm.  Sal Dnt. 

(Physostigma) Dnt. 

Tr.  Lobel C 

Spartein.  Sulph Dnt. 

Epineph Ko  specimen 

Liq.  Hypophysis No  specimen 

Thyroid  Sicc C 

•  Fldext.  Ergot C 

(Ergot) C 

Nitrite 

•  Amyl.  Nitris Dnt. 

■  Sp.  ^Ihcr.  Nitros C 

Sp.  Glyceryl  Nil Dnt. 

Sod.  Nitris Dnt, 

Digitalis 

Dipt Dnt. 

Inf  Digit C 

Tr.  Digit C 

Tr.  Strophanth C 

(Strophanthus) . Dnt. 

Strophanthin No  specimen 

Syr.  Scill C 

Tr.  Scill C 

(SciU.) C 

Camphor 

•Camph.. C 

•  Aq.  Camph C 


*  Lin  Camph  btL 
'  Sp.  Camph  C 

*  McQtJiol.    .  .  .  C 

Saponins  to  Colchictm 

*  Syr.  Sarsup,    C'li  H 

(Sarsap.) B 

Tr.  .Aconit,. .  flU 

(.\conit.) [IsL 

Tr.  Verat.  Vlt..  ,  IlBt 

Tt.  Colch.  ...  I'W 

(Colch,  Corm-l  I'm 

(Colch.  Sem.).,        .      .  I'nl 

Apomorpliin  and  Ipecac 

Apomoiph.  Hydrochl.   ...         Dit 

Ipecac.  Pulv..   .      C 

(Ipecac.  Rad-)... C 

Fldeiu  Ipecac ^ „,  C 

SjT.  I  pecnc C 

Emctin.  Hydroclil  Soip«io« 

Qidnin 
Quinin.  Bisulpli  ...  C 

Quinin.  Hydrochl C 

*  Quinii).  Sulph C 

Quinin.  Tann. C 

Quinin.  el  Urea  Hydmchl  , .      .  .  C 

Tr.  Ciocbon H 

■Tr.  CinchotuCo H 

(Cinchona) " 

Antipyretics 

Acetanil C 

Acetphen C 

Antipyr C 

Coal  Tar  Antiseptics 
•Phenol D""- 

*  Phenol.  Liq D"«- 

•Ung.  Phenol .      0^ 

•Cresol D«- 

•Liq.  Cresol .   ■  Drt 

Resorcin C 

(Uva  Ursi) ..     H 

*Trinitrophen OA 

•Creosot ...  .  C 

'Guaiacol. , C 

Guaiacol.  Carb C 

•PiiLiq Do'- 

(Syr.  Pic.  Liq.) H 

•Ung.  Pic.  Liq Dm- 

•Thymol C 

Betanaphthot C 

Acid.  Ben* C 

Sod.  Bern H 

•Liq.  Antisept.  Allt B 

Acid.  Salic. C 

•Sod.  SaUc a 

Add.  Acetylsal C 

•Methyl  Salic C 

•Phenyl  Salic C 

Acid.  Phenyldnch C 

Benzosulplun C 
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HiacelluiMiu  AntiMptica 

*Liq.  Formald Dot. 

Heicam H 

•Call  Chlorin Dpt. 

•Liq.  Sod.  Chlorin Dnt. 

Sod.  Sulphis  Exsic C 

■Uq.  Hydrog.  Dioi H 

•Pot.  Permang Dnt. 

•Acid.  Bor.  Pulv H 

(Acid.  Bor.  Cryat.) H 

Glycer.  Boroglyc H 

Ung.  Arid.  Bor Dnt. 

•Liq.  Antisept H 

•Sod.  Bor H 

•lodof Dnt. 

Thymol.  lod Dnt. 

Senuns  and  Vaccines 

Set.  Antidiph No  speciraen 

Ser.  Antidiph.  Purif No  specimen 

Ser.  Antitet No  specimen 

Ser.  Antitet.  Purif No  specimen 

Set.  Antitet.  Bice No  specimen 

Virus  vaccin No  specimen 

Tuberculin  Old No  specimen 

Alcohol  and  Aneathetica 

•Alcohol C 

•Chlorof C 

•Aq.  Chlorof H 

Lin.  Chlorof Dnt, 

•«ther C 

•Sp.«ther C 

Ethyl  Chlor No  specimen 

Hypnotica 

•Chloral  Hydr C 

•Paraldehyd C 

Sulphonmeth C 

Add.  Diethylbarb C 

Gues 

Nitrogen  Monox No  specimen 

Oxygen No  specimen 

Cyanida 

•Acid  Hydrocysn.  DU Dnt. 

•Pol  Cyan Dnt. 

•S>-r.  Prun.  Virg H 

CaOurtic  Salta 

Sod.  Sulph H 

Sod.  Phos H 

Sod.  Phos.  Eff H 

Sod.  Phos.  .\cid H 

•Pot.  Bitart H 

•Pot.  et  Sod.  Tart H 

•Mag.  Carb H 

Liq.  Mag.  Cit Dnt. 

Magma  Mag H 

Mag.  Oxid.  Pond H 

•Mag.  Sulph H 

Water       

Aqoa No  specimen 

Aq.  Dest. No  specimen 

Aq.  DesL  Steiil       No  specimen 


Salt  CaOlooa 

Sod.  Chlor No  specimen 

Liq.  Sod  Chlor.  Physiol,. , .  No  specimen 

Liq.  Ammon.  Acet H 

'Ammon.  Carb C 

•Sp.  Ammon.  Arom C 

•Ammon.  Chlor C 

•At).  Ammon Dnt. 

•Lin.  Ammon Dnt, 

Cale.  Carb.  Prrc H 

•Cret.PrK: H 

Calc.  Chlor C 

Calc.Lact C 

Calc.  Phosph H 

S«]t  Aaiona 

Pot.  Brom H 

•Sod.  Brom H 

•Pot.  lod H 

Sod.  lod H 

•Pot.  Chloras C 

Dilute  Acids  and  Alkallu 

Acid.  Hydrochl.  Uil C 

Pot.  Bicarb H 

•Sod.  Bicarb H 

■Add.  Acet.  Dil H 

Pol.  Acet H 

Add.  Cil H 

Pot.  Cil H 

Pot.  Cit.  Eff H 

Arsenical* 

Arsen.  Triox Dnt. 

Liq.  Add.  Arsen Dnt. 

Lia.  Arsen.  ct.  Hydrarg.  litd Dnt. 

•Liq.  Pot.  Arsen Dnt. 

Sod.  Arsen Dnt. 

Sod.  Cacodyl Dnt. 

Salvarsan N'o  specimen 

Neosalvarsan No  specimen 

Antimoa J  'nd  SiMBUilh 

Antim.  et.  Pot.  Tart Dnt. 

Vin.  Antim C 

•Bism.  Subcarb H 

Bism.  Subgall H 

Bism.  Subnit H 

Bism.  Subsalic H 

Iron 

•Ferr.  Reducl H 

•Ferr.  Carb.  Sacch H 

Mass.  Ferr.  Carb ,   Dnt. 

•Ferr.  el  Ammon.  Cit C 

Ferr.  Phos C 

•El.  Ferr.Quin.etStr>ch.  Phifs...   C 

•Syr.  Ferr.  lod C 

Ferr.  Sulph.  Exsic C 

•Tr.  Ferr.  Chlor C 

aittftimiiiw^  Sih'ef  and  Copper 

•Alum C 

Alum.  Eisic DnL 
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Liq.  Alum.  Acet Dnl. 

Arg.  Nit Dm. 

'Arg,  Nit.  Fus ...,.,  +  ..,.  Dnt- 

Arg.  Protein ,.. DnL 

•Cupr.  Sulph C 

Ziac 

Zinc  Acel C 

Liq.  ^nc.  Chlor , Dnt. 

Zinc.  Sulph C 

Zinc.  Oiiii H 

•Ung.  Zinc.  Orid Dnt. 

Uercuiy 

Hydrarg.  e.  Cret C 

'Massa  Hydrarg Dnt. 

•Ung.  Hydrarg Dnl. 

Uog.  Hydrarg.  DU... Dnt. 


01.  Cincreum. .  .  B 

Hydrarg.  Chlor.  Mit.  f 

Hydrarg.  lod.  Fk\-.  Doi. 

Hydrarg.  Amnion.  .  Dnl. 

Hydrarg.  Oiid.  Fbv.  Irtt 

Ung.  Hvdratg.  Oxid.  H«v.  Dot 

Hydrarg.  Chlor.  Corr D«. 

Toxit.  Hydrarg.  Chlor.  Corr.  N'oiptdiBrfl 

Hydrarg.  lod.  Rubr.    ...  Dnl 

Hydrarg.  Salicyl.  DM. 

LMd 

Plumb.  Acet.. Del 

Liq.  Plumb.  Subatel IIW- 

Phosiiiionu 

■Phosphor ,.., Dbl 
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Note. — The  bold-&w«  folios  refer  to  preparatioas 


Abibtis,  oleum,  144 

Abrin,  174 

Absinthe,  147 

AbsarptioD,  88,  643 

Acada,  no 

Acacife  cortex,  13S 

Acapnia,  607 

Aceta,  3^ 

Acetanilid,  456,  470,  475 

Acetates,  730 

Acetone,  561 

substances,  717 
Acetonitrile  test,  350 
Acetphenetidin,  470,  475 
Acetum,  Mtt 
Acetyl  salicylic  add,  503 
Addosis,  714 
Add  sulphuricum,  133 
Adds  aad  alkalies,  remote  effects  of, 

caustic,  131 

dilute,  13a 

organic,  and  their  salts,  739 
Addum  aceticum,  730 

agaricutn,  387 

arseniosum,  743 

boricum,  514 

camphoricum,  416 

chromicum,  773 

dtricum,  731 

ditethyl-barbituricum,  600 

formicum,  73a 

dicum,  138 
riodicum  dilutum,  705 
hydrobromicum  dilutum,  699 
hydrochloricum,  13a 

dilutum,  7ai 
hydrocyanicum  dilutum,  617 
Addum  lacticum,  13a 
nitricum,  13a 

dilutum,  7a  I 
nitrohydrochloricum,  ija 
oleicum,  105 
osmicum,  133 
oxalicum,  69a 
picricum,  486 
phcnylcinchoninicum,  507 
phosphoricum,  7ai 
steancum,  log 
sulphuricum,  13a 

aromaticum,  7a  I 
Bulphurosum,  519 
tannicum,  13S 
tartaricum,  654 

addum  trichloraceticTim,  13a 
Aconite,  4*3 


Aconitin  and  aconitiun,  433,  437 

Acrolein,  510 

Adalin,  6^ 

Addison '-s  disease,  338 

Adeps,  I  OS 

benzoinatus,  105 

lan£E  hydrosus,  106 
Administration  of  drugs,  64 
Adonis,  38a,  409 
Adrenaiinum,  338 
Adsorption,  623 
.^ther,  590 

aceticus,  590 
iCtheris  nitrosi,  spiritus,  381 
'  iCthylis  carbamas,  6<m 

chloridum,  590 
jEthylmorphinffl  hydrochloridum,  344 
Agar-agar,  178 
710      Agropyron,  in 
Aeunn,  314 
Aiowan,  oleum,  69 
Albumoses,  374 
Alcohol,  458,  541,  55S 

denatured,  561 
Alcoholic  beverages,  peculiarities  of,  557 
Aldehyds,  510 
Aliphatic  hypnotics.  590 
Alkalies,  caustic,  125 

dilute,  137 

mild,  7ZI 

remote  effects,  710 
Alkaline  salts,  127 
Alkalinity,  actual  and  potential,  137 
Alkaloids,  19 
Allspice,  145 
Aloes  and  eloin,  169,  170 
Alopecia,  129 
Alston  ia,  469 
Altluea  radix,  no 
Alumen,  774 
Aluminum,  773,  774 
Alypin,  262 
Amanita,  30S 
Amber,  oil  of,  146 
Amblyopias,  316 
Ammonia,  ia6 

water,  681 
Ammoniacum,  150 
Aramoniie,  aqua,  681 

fetidus,  spiritus,  14a' 
Ammonii  benioas,  494 

bromidum,  699 

carbonas,  681 

chloridum,  681 

iodidum,  705 
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.Vrnmomi  satjcyl,  50a 

Ammonium  bases,  quaternary,  307 

compounds.  678 
Amygdala  3mara,  617 

duTcis.  no 
Amygdala  eitpressum,  alaun,  log 
Amy!  aloohol.  559 
Amylis  niiris,  381 
Amylum.  iia 
Aiu^Aylactic  shock,  y>9 
AnaphyUloidR.  371 
Aoaphylaxis,  heat  ccnten  is,  453 
AaditMoedotoxin,  43a 
Aneotias,  trcn  in,  768  ■ 

ABcsthesin,  263 
Anesthetics,  inhalation,  561 

local,  :i<;i 
Anethi  frudns.  69 
An^na  pectoris.  380 
Aagoslsra  bu'k.  159 
Anhydrolics,  287 
Aailin,  487 
Animal  experimentation,  83 

wlracls,  354 
Anisotonic  <olucion^  364 
Anisum,  69 
Antagonism,  95.  gfi.  268 

magncsiuin  and  caldum,  &41 
Anthelmintiis,  179 
Antfaemis,  160 

Anthraquinoo  rathartics,  iCfi 
Antidotes,  t;6 
Amifebrin,  47s 

Anlimeningotoccu*  scrum,  331 
Antiraonj^,  755,  757 
Afltimonii  ct  potassii  tanr&a.  757 
Aniiperiodica.  tinctura.  468 
Antipneumococcie  semm.  533 
Amipyretics.  455 
Aniipyrtn.  4,s6.  470,  475 
Anlirabic  vactine,  533 
Antiseptic  benzol  denvatives,  476 
Antiseptics,    genera!    consideration    of, 

525 

miscellaneous,  510 
Antispasmodics,  142 
Antisyphilitics,  vegetable,  797 
AntithjToid  serums,  349 
Antitoxic  action  of  ions,  640 

serums,  527 
Antitoxin,  diphtheria,  528,  531 

tetanus,  532 
Apiol,  147 
Apnea,  60S 
Apoatropin,  294 
Apocodein,  276,  441 
Apocyniim,  382.  408,  412 
Apomorphin,  438,  441,  458 
Aqua  d  est  ilia  ta,  662 

regia.  ijj 

sterilisata,  662 
Aqtise,  30 

Arichis,  oleum.  105 
Araroba,  155 
Areca,  183 
Arecolin,  183,  297 


J 
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Aigeflti  ititru,  781 

oxidtiii),  782 

pmleinas,  Tfta 
Ar^ynsm,  780 
Ansxma,  154 
Amlol,  5J5 
ArmoracHe  rsuHx,  151 
Annca,  145 

AfoiBAtic    flcidcxD^tC. 
syntp.  H 

wattis,  spirits a^d  iwli. 
Arsaoetiii.  T47 
Ari«ni  iodidiim,  743 

trioxidum,  743 
Areenic  aattdpt^  779 
Ajscdic  ODnponMlfi. 
organic;  743 

white,  ^43 
ArsfcitaJis,  licmor.  743 
Arsttiiiirdud  hyuic^m,  T4^ 
Aneooocadd.  743 
Asafretida.  143 
Ascaridol.  I  Si 

Ajindinni,  tSo,  181 
Aapidtapenna,  443 
A^rin.  503 
Aaaying,  29 
Arthma.  279 
Astringent  action,  1 16 
AstiinKentx.  mcUlEc.  135 

vegetable,  1 36 
Alberama,  330 
Atuphan.  505.  507 
Atoxyl,  746,  747 
Atropin,  x6^.  3^69.  2;w,  >7X, 

39' 

group.  276.3^ 

hyp«Tt(i«TTnia.  454 
Avirantit  air.Ltri  <x,-tcT.  67 

cortex  in'Jic-i^,  68 
siccatus,  67 

dulcis  cortex,  68 

flores,  68 
Autonomic  system,  263 


Bafacik,  382 
Baking  powders,  774 

soda,  726 
Balanced  salt  ratioos,  640 

solutions,  table  of,  643 
Balsams.  149 
Balsamum  penn'iaDum,  Z49 

tolutanum,  150 
Barbitonum,  60a 
Barium,  275,  409,  693 
Barley  water,  iia 
Bases,  organic,  728 
Beef  juices,  100 
Beeswax,  toS 
Bdm  fructus.  138 
Belladonna,  277,  393 
Beozaldehyduin,  6t8 
Bensamin,  i6a 
Benzenum,  478 
Benxoates  and  beoaoic  acid,  492,  494 
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Bmzoinated  lard,  log 

Benzoinum,  149 

Beniol,  477 

Bcnzosalphinid,  507,  50S 

Berberin,  246 

Berberis,  15s 

Beryllium,  775 

Betaeucaina,  361 

Betain,  307 

Betanaphthol,  491 

Beta-oxy butyric  acid,  717 

Beta-tetrahydronaphthylamin .  453 

Betel.  160 

Betulx,  oleum,  504 

Bile,  171,  17a 

on  cathartics,  iGl 

salts,  173 
Bio-assay,  30 
Birch,  oil  of,  504 
Bismuth,  759,  761 
Bitter  almond,  617 

apple,  177 
Bitters,  158 
Bladder,  370 
Black  wash,  798 
Bland's  pills,  770 
Bleaching  powder,  519 
Blistering  liquid,  154 
Blood  root,  344 
Blue  cohosh,  410 

flag.  176 

ointment,  708 
Bone  black,  100 

marrow,  354 
Borax,  523 

Boric  acid  and  borate,  523 
Bomeol.  416 
Bomyval,  143 
Brain  lipoids,  531 
Bray  era,  181 
Brom.  strychnins,  189 
Bromates,  709 
Brometone,  ^99 
Brom  ids,  694 
Bromin,  134 
Bromipin,  699 
Bromoform,  589 
Bromoformum,  590 
Bromural,  699 
Bronchial  muscles,  279 
Brovalol,  699 
Brown  mixture,  343 
Brucin,  189 
Bryonia,  176 
Buchu,  148 
Buckthorn,  168 
Bufanin  and  Bufotalin,  38a 
Burow's  solution,  774 
Butea,  138,  183 
Butter,  105 
Butternut,  176 
Butyl-chloral  hydras,  595 

Cacao,  316. 
Cachets,  39 
Cactus,  413 


Cadinum,  oleum,  489 
Cadmium,  785 
Oesium,  678 
CaSein,  300,  at3 

beverages,  214 

hyperthermia,  454 
Cajuputi,  oleum,  145 
Calabar  bean,  303 
Calabarin,  303 
Calamus,  160 
Calcii  bromidum,  699 

carbonas,  6S9 

chloridum,  690 

lactas,  £90 

phosphas,  690 

sulphas  exsiccatus,  113 

sulphidum.  138 
Calcis,  linimentum,  ia6 

liquor,  136 

saccharatus,  liquor,  isd 
Calcium  salts,  68^ 
Calomel,  791,  798 
Calumba,  158 
Calx,  136 

chlorinata,  519 

sulphurata,  118 
Camphor,  413,  416 
Camphora  monobromata,  4I< 
Camphoric  acid,  416 
Canadian  hemp,  41a 
Canadin,  246 
Cannabis,  149 

Cantharidin  and  cantharis,  15a,  153 
Capsicum,  154 
Capsules,  38 
Caramel,  100,  t6o 
Carbo  ligni,  160 
Carbon,  colloidal,  160 

dioxid,  605 

disulphid,  589 

monoxid,  60S 

tetrachlorid,  589 
Carbolic  acid,  478 
Carbonic  acid,  605,  608 
Carbosant,  149 
Cardamomi  semen,  69 
Carminatives,  160 
Carminum,  65 
Carron  oil,  136 
Carum,  69 
Caryophyllus,  145 
Cascara  sagrada,  167,  16S 
Cascarilla,  159 
Cassia,  69 
Cassiie  fructus,  168 

put  pa,  169 
Castor  oil,  172,  (73 
Castoreum,  143 
Cataphoresis,  85 
Cataria,  143 
Catechu,  138 
Cathartic  redns,  174 

salts,  648 
Cathartics,  161 
Catnip,  143 
Caulophyllum,  308,  430' 
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Caustic  poifioning,  132 

Cauterization,  iji 

CedriJEe,  oleum,  145 

Cellulose,  18 

Cephffilin,  445,  446 

Cephaltn.     See  Kephalin. 

Cera,  108 

Cerates,  108 

Ceratum,  108 

Cerebro- spinal  Ouid,  excretion  of  drugs 

into,  90 
Cerii  ox  alas,  775 
Cerium,  774 
Cetaceum,  108 
Cctraria,  110 
Cewartin,  428 
Chalk  mixture,  6i>o 

prepared.  690 
Chamomile,  160 
Chaparro  amargoaa,  446 
Charcoal.  160 
Chaulmoogra  oil,  105 
Cheiranthus,  383 
Chelidonin,  124 
Chpmo therapy.  744 
Chenopodium  oil,  181,  i8a 
Cheyne-Stokes  respiration,  613 
Chicory,  216 
Chirata,  158 
Chloraformamidum,  596 
Chloral  hydrate,  592,  595 
ChlorHmine,  519 

Chloraienc.  519  — 

Chlorbutanol,  S9S 

Chloretone,  595 

CWorid  retention,  669 

Chlorin,  517 

Chlorotorm,  561,  589 

Chloromoiphids,  441 

Chlorophyl,  zi 

Cholesterol,  421 

Cholin,  275.  30S 

Chondrus,  110 

Chromates,  772 

Chromii  triodidum,  773 

Chrysarobinum,  154,  155 

Cimicitiiga.  159 

Cinchona,  461,  469 

Cinchonidin,  465,  469 

Cinchonin,  465,  469 

Cinchonism,  465 

Cineol,  145 

Cinnamic  acid,  495 

Cinnamomum,  69 

Citrates,  730 

Citrine  ointment,  799 

Classification  of  drugs,  80 

Climate,  664 

Coagulability     of     blood,      substances 

increasing,  689 
Coal  tar,  489 
dyes,  509 
Cobalt,  785 
Coca,  361 
Cocain  group,  251 

hyperthermia,  454 


Cocain  substitutes,  160.  261 
Cocatna,  261 
Coccus,  65 
Cocoanut,  183 
Cocos,  oleum,  1 05 
Cod  liver  oil,  101 
Codein,  217,  245 
Coffee,  215 
Cola   ai5 
Colchidn.  275,  438 
Colchicum.  436,  437 
Collodium,  113 
Colloid  infusions,  672 

laxatives,  178 
Colloidal  sglutions,  619 
Colloids  and  edema.  647 

on  absorption,  88 
Colocynth,  176,  177 
Coloring,  65 

Combined  action  of  drugs,  95 
Concentration,  effect  of,  80 
Conditions  influencing  drug  nctioc,  tl 
Condurango.  159 
Confections,  32 
Conium,  317 

Constitution,  on  action,  75 
Convallaria,  382,  409,  41a 
Convutsant  poisons.  184 
Convulsants    on    temperature.    I8p, 

454 

Copaiba,  148 
Copper,  782 
Coriandriim,  69 
Corn  smut,  367 
Corpus  luteutn,  356 
Corrosion,  115 
Corrosive  poisoning,  124 

sublimate,  799 
Cotamin,  247,  249 
Cotoin,  339 
Cotton  root  bark,  367 
Cough  mixtures,  683 
Counterirritation,  I30 
Cream  of  tartar,  654 
Creosote,  487,  ^ 
Creosoti  carbonas,  4S8 
Creosotinic  acids,  501 
Cresols,  483,  484 
Creta  prfEparata,  69a 
Crocus,  66 
Croton  oil,  177 
Crotonis,  oleum,  178 
Cubeba,  149 
Cucurbitte  semina,  183 
Culver's  root,  176 
Cumulative  action,  93 
Cupri  sulphas,  784 
Curare,  268,  319 
Curcuma,  66 
Cusparia,  159 
Cusso,  t8l 

Cutaneous  irritation,  114 
Cyanids,  613 
C^doniuni,  ill 
Cymarin,  408 
Cytisin,  308 
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Dandelion,  139 

Datura,  277,  J93 

Decoctions,  32 

Delirium  tremens,  557 

Delphinium,  437 

Demulcents,  log 

Dermatitis  from  gyst«nuc  drugs,   115, 

156 
Dermatol,  763 
Dextrin,  no 
Dextrose,  100 
Diabetes  foods,  loo 
Diacetylmorphina,  344 
Dialysed  iron,  771 
Diaphoretics,  398 
Diarrhea  ntixtures,  139 
Diastasuni,  98 

Diet,  influence  on  drue  action,  94 
Diethyl  barbituric  add,  599 
Digestive  ferments,  96 
Digitalis,  3S2,  411 

group,  382 

j)rindples,  407 
Digitaloid  drugs,  407 
Dimethylxanthin,  314 
Dionin,  117,  233,  344 
Diphtheria  antitoxin,  538,  531 
Diplosal,  504 
Disintoxication,  78 
Dispensatories,  non-oflicial,  23 
Distribution  of  drugs,  77,  95 
Diuretics,  665 
Diuretin,  314 
Dobell's  solution,  483 
Donovan's  solution,  743 
Dosage,  90 
Doses  for  children,  91 
Dover's  powder,  343 
Drug  action,  conditions  inAuencing,  93 
Drugs,  administration  of,  84 

offida),  32 

proprietary,  33 
Duotol,  489 
Ehisting  powders,  na 
Dyes,  acraorption  of,  636 

EcBOLic  oils,  146 

Ecbolics,  367 

E<xonin,  261 

Echinacea,  150 

Edema,  647 

Effervescent  salts,  37 

Eisen-Zucker,  770 

Elaterin,  176 

Elaterium,  177 

Electrolytes,  actions  of,  638 

Electrolytic  dissodation,  630 

Electron  actions,  63a 

Elixir  aromaticum,  68 

Elixirs,  32 

Bmbelia,  138 

Emetics,  therapeutic  use  of,  447 

Emetin,  442,  445 

Emmen^ogues,  367 

Emodin  cathartics,  166 

Emollient  laxatives,  178 


Emollients,  102 
Bmplastmm,  113 

calefadens,  154 
Emulsions,  35,  623 
Enemas,  evacuant,  178 
Epilepsy,  696 

Epinephrin.  264,  276,  322,  338 
Epsom  salts,  658 
Equivalents  of    metric   and  common 

systems,  48 
Ergot,  357.366 
Ergot  in,  366 
Ergottnic  add,  364 
Ergotism,  365 
Ergo  toxin,  361 
Enodictyon,  70 
Erythema,  223 
Erythrophlein,  382,  409 
Erythroxylum,  361 
Eschar,  115 
Eserin,  303 
Ether,  561 
Ethyl  bromid,  589,  590 

carbamate,  600 
chlorid,  588 

hydro  xycuprdn,  469 

iddid,  589 

nitrit,  liquor,  381 
Eucalyptol,  144,  145 
Eucalyptus,  145 

gum,  139 
Eumydrin,  386 
Euonymi  cortex,  41a 
Euphorbium,  154 
Euphthalmin,  386 
Euquinin,  468 
Excipients,  37 
Excretion  of  drugs,  90 
Exodin,  170 
Expectorants,  661 
Extractive  matter,  31 
Extracts,  solid,  35 

Pax  medidnalis,  355 

Fats,  21,  t05 

on  growth,  1 01 
Patty  oils,  104 
Pel  bovis,  173 
Ferments,  digestive,  96 
Ferri  carbonas  saccharatus,  770 
chloridum,  771 
et  ammonii  dtras,  771 
et  potassii  tartras,  771 
et  quininas  dtras,  771 
hydroxidum    cum     magnesii     oxido, 

770 
phosphas,  771 
quin.  et  strychn.  phosph.,  elixir  and 

syrapus,  198 
sulphas,  771 
Perrosilicon,  740 
Ferrum  reductum,  770 
Fetus,  passage  of  drugs  into,  90 
Fever,  452 

treatment  oE,  459 
Fibrillary  twitchings,  322 
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compounds,  513 
Pormaldehydi,  liquor,  513 
Formates,  731 
Fowler's  solution,  743 
Pox  glove,  411 
Frangula,  t68 
Friar  s  balsam,  149 
Fuchsin,  510 
Fuller's  earth,  88 

Galbanvu,  150 

Galenic  preparations,  33 

Galla,  138 

Gall-bladder,  164,  271 

Gambir,  138 

Gamboge,  176 

Gas,  illuminating,  608 

Gases,  systemic  actions  of,  601 

Gasolin,  107 

Gastric  juice,  concentration  of,  643 

Gastro-intestinal  irritation,  119 

Gaultheria,  oil  of,  504 

Gelatinum,  iii 

Gelsemium,  317 

Gentian  violet,  510 

Gentian  a,  159 

Gin,  146 

GinRer,  161 

GinscnR,  160 

Glauber's  salt,  653 

Glaucoma,  284 

Glucosids,  10 

Glucosum,  67 

Glusid,  507,  508 

Gluten  Rours,  100 

Glycerin,  109 

Glyccriies,  32 

Glyceriium  boroglycerini,  524 

Gtycerylis  nitratis  spiritus,  381 

Glycur'onic  acid,  477 

Glycyrjhiza,  68 

Glycyrrhizinum  ammonia  turn,  68 

Goiters,  348 

Gold.  78a 

Golden  seal.  347 


Hamatoxyli  lignum,  139 
Haloids,  133 
Hamamelidis  aqua,  145 

cortex,  139 
Hay  fever  senim,  533 
Headache  powders,  473 
Heat  puncture,  451 

regulation,  448 
Hebra's  ointment,  806 
Hediosit,  100 
Hedonal,  600 
Helenium,  147 
Hdlebore,  black,  432,  435 

Hdleborein,  409 
Helleborus,  382 
Hemidesmi  rad.,  41a 
'Hemoglobin,  fate  of,  768 
Hemostatic  tissue  extracts, 
Hemp,  Indian,  349 
Heroin,  317,  344 
HexamethyleQamin,  513,  5 

on  uric  acid,  739 
Hexamina,  J17 
Hippuric  acid  formation,  4 
Hirudin,  375 
Histamin,  362 
Holocain,  263 
Homatraptna,  186 
Homeopathic  doctiioe,  71 
Honeys,  67 
Hops,  350 
Hordenin,  364 
Hormonal,  375 
Horse-radish  root,  151 
Horse  serum,  531 
Humulus,  350 
Hydrargyri  chloridom  oorr 
mite,  798 

cyanidum,  799 

iodidum  flavum,  798 
rubrum,  799 

oxidum  flavum  and  mbr 

oincyaniduni,  799 

saiicvlas.  ?qo 
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Hydrastis,  345, 146 
Hydrocyanic  arid,  613 
Hydrogen  dies  id,  s>i 

100  concentration,  7:1 

peroxid,  521 

sulphid,  138 
Hydrogenii  dioxidi  (peroxidi),  531 
Hydroxy  lain  in,  376 
Hyoscin,  293,  197 
Hyoscyamin,  193 
Hyoscyamus,  277,  393 
Hypericum,  156 
Hypnotics,  aliphatic,  590 

chlorinated,  595 
Hypochlorous  add,  518 
Hypophysis,  3^5 
Hysteric  sedatives,  142 

ICHTHYOL,   130 

Idios^y'Dcrasy,  93 

racial,  94 
Illuminating  gas,  608 
Imbibition,  621 
Impurities  in  drugs,  93 
Incompatibility.  43 
Indigo  carmin,  509 
Indolethylamin,  364 
Inflammation,  pain  on,  120 
Infusions,  32 

Infusum  rosa!  addum,  721 
Inhalation,  85 
Insect  powder,  433 
Intestinal  antiseptics,  527 
Intestine,  269,  274 
Intramuscular  injection,  87 
Intraocular  tension,  284 
Intraperitoneal  injections,  87 
Intrapleural  injections,  87 
Intravenous  administration,  87 

feeding,  102 
Inulin,  100 
lodids,  699 
lodin,  133 

compounds,  thyrectotropic,  350 

preparations,  organic,  701 
lodism,  704 
Iodoform,  524,  515 
lodothyrin,  346 
lodoxy  ben  zoic  acid,  522 
lodum,  134 
Ion  actions,  632 

relations,  639 
Ipecacuanha,  442,  445 
Ipecacuanhic  add,  445 
Ipomcea,  175 
Iris,  176 
Iron,  762 
Irritants,  114 

hypodermic  injections  of,  117 

reflex  effects  of,  118 

toxicology  of,  122 
Iso-amyl  dcohol,  559 
Ispaghiila,  iii 

JABOBANDi,  397,  301 
alap,  175 


,  ambul,  101 
amestown  weed,  393 
asmine,  317 
avelle  water,  519 
equirity,  174 
ervin,  435 
imson  weed,  193 
uglans,  176 
mces,  34 
uniper  and  oil,  146 

Kalarana,  17s 
Kamala,  18 1 
Kaohnum,  iis 
Kava,  149 
Kidneys,  354 
Kino,  139 
Kousso,  i8t 
Krameria,  139 


LABARRAQim's  solution,  519 

Lactates,  731 

Lactic  add  ferments,  98 

organisms,  720 
Lactucarium,  350 
Lanolin,  106 
Lanthanum,  775 
Lard,  105 
Lassar's  paste,  785 
Latin,  prescription,  63 
Laudanum,  143 
Laughing  gas,  601 
Laurocerasi  folia,  618 
Lavandula,  70 
Lead,  799 

water,  806 
Leptandra,  176 
Lettuce,  350 
Leucocytes,  276 
Levulose,  100 
Lily  of  the  valley,  413 
Lime,  ia6 

water,  136 
Limonis  cortex,  67 
Lini  oleum,  toj 
Liniments,  35,  146 
Linimentum  ammonic,  681 

camphors  ammoniatura,  681 
Linum,  ii3 
Liquor  addi  arsenosi,  743 

alumini  acetatis,  774 

ammonis,  681 

ammonii  acct.,  6S1 
citratis,  731 

antiscpticus,  534 
alkali nus.  494 

arseni  et  hydrariyri  iodidorum,  743 

arsenid  hydro  chloricus,  49,  743 

epistasticus.  154 

ferri  dialysatus,  771 

ct  ammonii  acetatis,  771 
oxychloridi,  771 
perchloridi  Eortis,  771 
persulphates,  773 
subsulphate,  773 

magnesii  dtratis,  658 


INDEX                       ^^H^^B^^^^I 

^^^^        Liquor  plutnhi  subucclatis,  8o6 

Metallic  salts,  local  actions,  i^            1 

^^^^L           tu|iunotu«,  513 

Metals  and  their  lalls,  733                    1 

^^^1            KTHlii  iHiratU  coin  i,,  48] 

colloid,  734                                          1 

Mi^thaform,  595                                           ■ 
Methemoglobin  formation,  709               1 

^H                     phoxphutus  c(>m|Misitus,  653 

^M            Linunrot,  31 

^H              Litnil  1ir»miiliitii.  609 

Methyl  alcohol,  559                            ^^M 

salicylas,  504                                    ^^H 

^B                    uirljcinita,  677 

xan thins,  200                                   ^^^M 

^B                    dtnui,  677 

Methylene  blue,  i;oe                          ^^H 

^B             l.iDiiucii  Mtltc,  dyy 

Methylsul phonal,  598                        ^^^ 

^H              lAvft  of  sulpliui,  119 

Methylthionin*  chlorldutn,  508,  $09     1 

^H              Lolidiik,  317 

Metric  system,  45                                         1 

^H             Local  a]ip1kiilion,  84 

Metrology,  45                                                1 

^H               LocAlitaliiin  u(  uUiun,  Bi 

Mezeri-um,  154                                            1 

^H             Looke'ii  tuhition,  C143 

Meyer-Overton  Ian',  536                   ^^^| 

^H             I<nco,  ajn 

Milk  of  lime,  116                             ^^H 

^H             t^tio  hydruTRyii,  ilnvH  Btid  lugrrt, 

796             of  magnesia,  658                              ^^H 

^H                   cipii  ct  plumhi,  143 

Mineral  waters,  663                            ^^H 

^H               LuRoI'i  solulirm,  134 

Mistura  crettc.  690                              ^^H 

^H             Luminal,  600 

ferri  composita,  770                               V 

^H             Lunui'  i:niistic,  7B1 

glycjtThiaar  compo^ta.  143                  1 

^H               l.upiilin.  150 

Mixtures.  35                                          ^^^ 

^H                l.upulinii:  iicid,  150 

Molecular  concentration,  639          ^^H 

^H               Luldn,  156 
^H              Lyi-Dpiiiliiim.  til 

Monsel's  solution,  77a                        ^^H 

Morphin  group,  317,  458                  ^^^| 

^H               Lymph  formiititin,  647 

MoTphina,  344                                     ^^H 

^V               Lyntrupjc  series,  631 

Moirhux.  oleum,  loi                       ^^H 

^H 

Moschus,  143                                        ^^^1 

^M              Mackkation,  37 

Mountain  laurel.  431                          ^^H 

^H                 Makiih  liistiiulhi.  761 

sickness.  613                                ^^H 

^K                 muKncKiic,  658 

Mucilagines,  31                                    ^^^B 

^H               Moigncfiiii,  658 

Mu.Tilagmous  suhstances,  109                 ^ 

^^^^       Mkj^mii  cvbonos,  638 

Muriatic  add,  131                                 ^^M 

^^^^ft          oxitlum,  fijS 

Muscarin,  375,  303                              ^^1 

^^^f          nulphiLK,  6sB 

Mushroom  poisoning,  305                 ^^H 

^f^        Mwnmium  ctimimmids,  654 
^H              MiUu  fern,  iSo,  iBi 

Mushrooms,  edible.  305                     ^^^| 

Musk  root,  143                                     ^^H 

^P             Maltum,  98 

Mustard.  151                                        ^^H 

B^                Mniiiiiiiiry  Kinnd,  357 

Mydriatics,  ?86                                    ^^W 

Muiiilr.i.|;ora,  377 
Mandrake.  176 
MnnRancsi".  773 
Mangani  dioxidum.  773 
Manna,  178 
Mann  it,  loo 
Massu  hydrargjTi,  797 
Mnsliche,  150 
Mntico,  149 
Matnc.tria,  160 
May  apple,  176 
Measures,  46 
Meat  extracts,  100 
Meconti"  acid,  341 
Meviinium.  143 
Medidnes,  palml.  13 
Mfl.  67 

Melon  se<ds,  183 
Mdubrin.  475 
Mentha  pit>^ta,  160 

tiiperiiw.  aoua.  69 

vindis,  161 
Xtmihjc  \-irid'S,  aqua.  69 
Menthol.  417 
Xtewnrr.  j^.  797 
Mmotl.  4IJ 
Meu-<nsyl  *(rtatr.  4S4 


MjTistica.  147 
Myrobalanum.  139 
Myrrha.  150 

NaC'BTBALENL'M,  4QI 

Naphtfaalio,  490 
Naphthol.  401 
Narcein,  341 
Narcophin,  243,  344 
Narcotin,  341 
Narcosis,  theories  of,  535 
National  Formulary.  33 
Nauseant  expectorants.  446 
Neodrmium,  775 
Neosalvarsan,  748,  754 
Nephrites,  drug,  Iti 
Neurin,  307 
Nickel.  785 

Nicotin.  364.  T68.  37^.  jo&  jlC 
Nitrates,  707 
alkyl.  375 
Nitric  perond,  125 
Nitrites,  375 
Nitrobcnxol,  486 
Nitrogenii  miMKuahmi,  tmt 
Nitroglycerin,  375 
Nitroos  oxid.  601 
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Normal  saline  solution,  674 

Novaspirjn.  504 

Novatpphan,  507 

Novocain,  262 

Nuclooprotems.    nuclei ns    and    nucleic 

acids,  355 
Nutgall,  138 
Nutmeg,  147 

poisoning.  147 
Nux  vomica,  185,  198 

Obesitv  350 

Oils,  fatty  i  ,  104 

volatile,  3 1 
Ointment  bases,  108 
Ointments,  40 
Oleatum  hydrargjii,  798 
Oleic  acid  anemia,  104 
Oleoresins,  35 
Oleum  cinereum,  7g8 
Olfactory  stimulants.  143 
Oliva:,  olcuni,  104 
Oliveri  cortex,  69 
Opium,  343 

Opiumism,  chronic.  13a 
Optical  isomers,  273 
OptCH:hin,  469' 
Oral  administration.  85 
Orchitic  extracts,  356 
Orpan  extracts,  306 
Ongani.  oleum,  145 
Orns  root,  176 
Orthoform,  262 
Oscin,  277 
Osmosis,  624 
Osraotic  dfects  on  c^lls,  633 

exchanges  in  the  body,  643 
Ouabain,  41 
Ovnrian  extract,  356 
Oxalic  acid  and  oxalates,  6qi 
Oxgall,  171 

Oxidation  theories,  610 
Oxidizing  agenis,  520 
Oxj'camphor,  416 
Oxj-gen,  610,  613 

deficiency',  613 
Oxymel,  67 
Oxytocics,  367 
Ozone,  520 

Panax, 160 

Pancreas,  352 
Pancreatinum,  98 
Pantopon,  24a,  344 
Papain,  98 
PapavcTin,  241,  145 
Paraffin  dermatitis  and  cancer,  489 
Paraffin  um,  107 
Paraformaldehydum,  51  j 
Paraldehydum,  596 
Parasympathetic  system,  263 
Parathyroids,  351 
Paregnric,  244 
Pareira,  159 

Parenteral  alimentation,  I03 
Parsley,  147 
Patent  medicines,  33 
ST 


Pathologic    states,    influence   on    druj; 

action,  95 
Pediculosis,  150 
Pelletieria,  183 
Pennyroyal,  147 
Pepo,  183 
Pepper,  154     ' 
Peppermint,  160 
Pepsi  num,  98 
Percolation,  27 
Permeability,  selective,  635 
Peroxids  of  metals,  521 

oraanic,  522 
Persionis.  65  ■■ 

Petrolatum,  106,  107 

liquidum,  107 
Petroleum,  107 

products,  106 
toxic  effects,  107 
Petrosclinum,  147 
Pharmaceutic  [nethods,  23 
Pharmacognosy,  17 
Pharmacology,  chemical  and  physical 

basis,  75 
Pharmacopeias,  22 
Pharmacy,  21 
Phenacetin,  456,  475 
Phenazonum.  475 
Phenol,  478 

camphor,  482 

coefficient,  483 
Phenoloid  disinfectants,  484 
Phenolphthalein,  171 
Phenols,  polyatomic,  484 
Phenolsulphonates,  482 
Phenolsulphonephthaleia,  171 
Phenyl  salicylate,  504,  505 
Phenylethvlamin,  364 
Phenyl-qulnolin-carboxylic  add,  505 
Phlobaphens,  19 
Phlorhisin,  353 

Picric  acid,  486  , 

Picrorhiza,  159 
Picrotoxin  group,  199 
Pills,  37 

PUo  carpi  n,  268-272,  275,  297,  301 
Pilocarpus,  301 
Pilula  ferri,  770 
iodidi,  771 

plumbi  cum  opio,  80$ 
Piluls  aloes  et  ferr.,  771 

aloin.  hellad.  et  str^inln.  170 

catharlicae  compositiE,  177 
Pimenta:,  oleum,  145 
Pine  needles,  oil,  144 
Pineal  gland,  351 
Pini  pumilionis,  oleum,  144 
Pink  root,  iSs 
Piper,  154 
Piperin,  154 
Piperazin,  739 
Piscidia,  303 
Pituitary,  334,  339,  345 
Pix  car  boms,  489 

tiquida,  489 
Plant  coDstituenta,  tS 
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Plasniapiueresis,  673 
Plasvers,  41.  113 
Plaiinuro,  782 
Plumb  i  acetas,  805 

carbonis,  806 

iodidum,  Sa6 

oxidum.  806 
PodophylHn,  176 
Podophyllum.  175,  176 
Poison,  definition  of,  49 

ivv.  155 
Poisoning,  treatment  of,  54 
Pomegranate,  iSa 
Popular  measures,  47 
Posoloey,  (>i,  90 
Potenliation,  96 
Potasss  sulphurala,  ia8 
I\)tas5ii  ati^tas,  730 

bicarhonas,  713 

bichromas,  773 

bitartras,  654 

bra  mid  um,  figg 

carbona?,  ia6 

chloras,  708 

chloridum,  677 

citras.  731 

cyan  id  um.  617 

et  sodii  tartras,  654 

hydro\idum.  ia6 

iodidum,  705 

nitras,  707 

permiinganas,  533 

sulphas.  651 

tartras  acidus,  654 
Potassium  chlorate.  707 

mercuric  iodid,  799 
Pnesodymium,  775 
Prescription  writing,  59 
Preservatives,  food,  526 
Prickly  ash,  159 
Primula  dermatitis.  is6 
Principles,  neutral  or  bitter,  20 
Pmponal.  600 
Prothesis,  103 
Protopin  group,  224 
Protoveratrin,  434 
Prunus  virginiaoa,  61S 
Ptomain  poisoning,  364 
Pulsatilla.  154 
Pulris  .intimoniali!:,  7S7 

cretic  aromaiicus.  690 
corapositus,  690 

effervescens  compositus.  654 

glycyrrhii^  compositus,  168 

ipecacuaiih:e  et  nnii,  343 

sod*  tartaraL.T  eliervescens.  654 
Pumpkin  seed,  183 
Punicin,  18a 
Pupil.  ;68.  282 
Purgaiin,  170 

Pus  formation,  aseptic,  115 
Pustulalion,  115 
Pyrethrum,  150 
P\TOKa!lDl,  485 
Pi,-rt>phwphales.  653 
P\TO\ylinum,  113 


QCA3SIA,  159 
Quebracho,  44a 

eueen's  reot,  176 
uillaifB  cortex,  4ao 
Quinic  acid,  S07 
Quinin,  455,  461.  468 

and  urea  hydrochlorid.  463.  468 
Quininx  ethylcarbanaa,  468 
Quinolin,  491 

Rachitis,  685 
Radioactive  metals,  775 
Radium.  775 

Reaction  of  the  body,  710 
Rectal  adrainislratian,  86 

feeding,  102 
Red  gum.  139 
Reduced  iron.  770 
Reducing  projieriies  of  tissues,  376 

substances  in  the  urine,  607 
Renal  irritation,  655 
Rennet,  98 
Resina,  108 
Resins,  2Q 

artificial,  35 
ResordniJ.  465 
RespiratiJTy  refleie^,  1 18 
Rhamus  frangula,  168 

purshiana.  168 
Rhatany,  139 
Rheum.  169 
Rhodu  nates,  706 
Rhododendron,  43a 
Rhoeados  peiala,  67 
Rhubarb,  169 
Rhus,  155 
Ricin,  173 
Ricini,  oleum,  173 
Rosa  gallica,  67 
Rosx,  aqua,  69 
Rosemary,  14O 
Rosin,  108 

Rosmarini,  oleum,  146 
Rottlera,  181 
Rubefactioi).  114 
Rubidium,  678 
Rubijervio,  435 

S\fiAL,  149 

Sabromin,  699 

Saccharin,  67,  507 

Saccharum  lactis,  67,  675 

Salep,  III 

Salicin.  503 

Salicyl  compounds,  458.  495 

derivatives,  502 
Saline  infusions,  672 

solutions,  642 
Saliva,  excretion  by,  90 
Salt  actions,  physical  factors  oJ,  618 
Salt,  common,  674 

fever,  674 

glycosuria,  674 

stairation,  670 
Saltpeter.  7i»7 
Sail-poor  diet,  670 
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Salts,  effervescent,  37 

of  tartar,  116 
Satvarsan,  748,  754 
Sandal  oil,  149 
San^inaria,  344 
Santali,  oleum,  149 
Santalum  rubrum,  66 
Santonin,  183,  184 
Sapo,  117 
Saponaria,  430 
Saponins,  ^17 
Saponis  linimentum,  117 
Sappan,  139 
Sarsaparilla,  430 
Sassafras  medulla,  11 1 
Savin,  147 
Saw  palmetto,  149 
Scammonium,  175 
Scarlet  red,  medicinal,  15J 
Scilla,  409,  411 
Scoparii  cacumina,  318 
Scoparin,  318 
Scopola,  277 
Scopolamin,  293,  297 
Scopolamin-morphin  narcosis,  296 
Sea  water,  642 
Season  variations,  94 
Secretin,  352 
Scidlitz  powder,  654 
Selective  absorption,  79 

action,  79 
Selenium,  755 

Semipermeable  membranes,  624 
Senecio,  147 
Senega,  420 
Senna,  168 
Serpentaria,  iS9 
Semni,  373 

antidiphthericum,  531 

antimeningococcus,  531 

antitetanicum,  533 

disease,  530 

hay  fever,  533 

horse,  53' 
Serums,  527 
Sesami,  oleum,  105 
Sevum,  prsparatum,  105 
Sexual  glands,  356 
Shock,  1 19 
Silicate,  sodium,  1 14 
Silver,  780 

nitrate,  781 
Sinapis,  151 
Slcunlc  cabbage,  143 
Snake  venom,  421 
Snakeroot,  159 
Soap,  137 

bark,  430 

root,  430 
Soaps,  127 

Sodx  chlorinatfe,  liquor,  519 
Sodium  acetate,  730 

arsanilate,  746,  747 

arsenate,  743 

benzoate,  49^ 

benzosulphinid,  508 


Sodium  bicarbonate,  731,  736 

borate,  534 

bromid.  6^ 

caaxlylate,  745,  746 

carbonate,  110 

chlorate,  708 

chlorid,  667,  674 

dtrate,  731 

cilro- tartrate,  effervescent,  731 

cyanid,  617 

(uethyl  barbiturate,  600 

hydroxid,  136 

hyposulphite.     See  Tkiosulphate. 

indigotindisulphonate,  509 

iodid,  706 

meta-vanadate,  756 

nitrate,  707 

nitrite,  381 

perborate,  522,  514 

phenolsulphonate.  483 

phosphate,  653,  653 
acid,  653 

salicylate,  503 

silicate,  Hauor,  113 

sulphate,  053 

sulphite,  519,  530 

tellurate,  287 

thiosulphate,  518,  530 
Sodium-potassium  tartrate,  654 
Sojourn  m  blood,  89 
Solanin,  430 
Solubilities,  41 
Solution  tension,  632 
Solvents,  pharmaceutic,  28 
Spanish   flies,  153 
Spartcin,  318 
Spearmint,  161 
Species  pectorales,  683 
Spermaceti,  108 
^igelili,  183 
Spirit  of  mindcrerus,  681 
Spirits,  32 

Spiritus  ammoniac  arumaticus,  681 
fetidus,  143 

rectificatus,  558 
Spleen,  relation  of,  to  iron  metabolism, 

767 
Sprays.  85 
Squill,  411 
Stains,  123 

Staphisagria,  427  ^ 

Starch,  18,  III,  113 
Sterilization.  29 
Stillingia,  176 
Stomachics,  157 
Storax,  150 
Stovain,  263 
Stramonium,  277,  393 
Strontii  bromidum,  699 

iodid  urn,  706 

lactas,  690 

salicylas,  503 
Strontium,  690 
Strophanti] in,  275 
Strophanthins,  384,  406,  411 
Strophanthus,  411 
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Strychnina,  1S5,  198 
Slyptidn.  349 
Sly|)tks,  1,11) 

sxtriiiKcnt,  139 
Slyrftt,  150 
Sui)iluriil  itijuLnion,  87 
Subcutanwitis  fenilinE,  toa 

hyjioiJCTTiiic  aciminiatrution,  9(J 
Suliimsal  itijpctinn,  87 
Succini,  oleum,  14G 
Sugnr  Bubsliliitts,  67 
SuKnrs,  67 
Sit!|)liiflii,  I  iH 
Rul|i!vx'arboliites,  ,)8l 
Sulpliocyanids,  (ir.s,  70(1 
SuIphonnT,  597.  558 
Sul[>lioiiuU.'<l  (!yi?s,  I't'i 
Siiljilitinetliylmrtlianiini,  558 
SHlphfinitiftbunum,  $()7.  ggS 
Sulphur  rliuxid,  511) 
Solpburous  nH(i,  juj 
Sumbiil,  143 

S\iti  choltTH  mixturp,  139 
Suppositoriw,  39 
Suiiriirmin,  338 
SurfMOi-  tibtiiinTiPnn.  633 
Simqitibility  tn  drug  nclion,  9a 
Rufi'jit,  pxiTfiii'ii  by,  90 
Synipaihfiic  system,  163 
Symplticorpus,  143 
Synrreism,  96 
Syni|>.  31 

Simiiis.  flavoring,  ('7 
Syrupus,  67 
Synii'ii*  an<ii  citrici,  67 

calc.  Inrtijphos,,  690 

iodidi,  ni 

plnl  Strooi  composiltis.  683 

Tablets.  39 

Tali'iim  puritioiUim,  iii 

TnynarinJus.  178 

Tannalbin,  136 

Tannigpn,  138 

Tsnnin.  ijS 

Tannins,  19,  136 

Tansv,  147 

Tar,  489 

Tnrasacum,  159 

Tartrates,  653 

T«a.  lis 

Tpas,  deroolcmt.  1 10 

Trilurium,  755 

Temwrattire  on  dnig  action,  H4 

Tfrpb^num,  144 

Tm>binthina  canatlm^s,  144 

Terebinthimp  olmm.  144 

Tfrpin  h>iirate,  144 

Tw-rr.  ■'■^-.-^fi-,  fiT^.f.Tata.  iii 

Ti-t.in-ii.  jyii 

a-nliloxie,  "iji,  531 
Tctjiny,  dSfi 

TctTuhvdro-bfta-niphthvUmin,  453 
Thalliuin.  Aa6 
■pw^aicnin,  143 
Tbrin,  »i3 


Theobromalis.  oletini,  1S5 

Thenhromia,  joo.  213.  ]I4 

Th<»d[i,  114 

Theophorin.  314 

Theophyllin,  loo,  213,  314 

Therapeutics.  70 

Thiocyanntes,  706 

Thiosinarain,  130 

T  hi  osi  naming,  131 

Thcirium,  77S 

Thymi,  oleutn,  146 

Thymol,  490,  490 

Thymolis  iodiduiti,  525 

Thj-mus.  355  — 

Thvreotropic  iodin  cotnpottDib.  JSO 

Thyroid.  334.  345 

Thyroideiini  sitcutn,  351 

Tiglii.  oleum,  178 

Tin,  782 

Tinctura  Iwnmiru  ci-tnijosttii.  149 
ferri  chloridi,  77a 

Tinctures.  33 

Tobacco,  308 

habitual  iise  of,  313 

Tolerance,  93 

Tolu,  150 

Toluol.  478 

Tolutanu-s  synipus,  68 

TosiCKicndri'l,  I5f> 

Toiricologit  analysis,  51 

Tori  oology,  49 

Trachea,  injections,  87 

Trttgacantha.  no 

Tnndunuit.  673 

Treatment  of  disease.  70 

Tricmsoi,  4S4 

Trinitritu,  381 

Trinitiophenol,  4S6 

Trional.  598 

Trioiymethylcn,  513 

Triiicum,  tn 

Tri'.uraiiuns,  j~ 

Trochini  tramoif  et  mcainf ,  36a 

Tropacocain,  36s 

Tropin,  J77 

Trvpanosome  expointento.  ~  n 

Tuberculin  preparatioas.  534 

Turlington's  balsam.  149 

Turpentine,  143.  144 

Canada,  144 
Turpethum,  175 
Twilight  sleep.  197 
Typhoid  ^'atxine,  5^4 
iSTamine,  363 

Ulucs,  III 
t'oguentiim,  i«8 

dtachvloo,  806 
Vpas,  198 
Urantum.  757,  7S» 
Crate  solvents,  7J6 
Urea  deri>"»c:ves,  b; 

[ormatiac.  67^ 
Creter.  271 
I'mhane.  601 
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Urinary  antiseptics,  5^6 
Urotropin,  513,  517 
Useful  drugs,  33 
Ustilago  maydis,  366,  367 
Uterine  sedatives,  367 
Uterus,  270 
Uva  ursi,  485 
Ulara,  339 

Vaccinb  virus,  533 
Vaccines,  527 
Valerates,  143 
Valeriana,  143 
Valerianates,  143 
Valido!,  143 
Valiet's  mass,  770 
Valyl,  143 
Vanadium,  755 
Vanillinum,  68 
Vaselin,  107 
Vasodilation,  376 
Vasomotor  reflexes,  119 
Veratrin,  428,  432 
Veratrum,  435 
Vermicides,  179 
Veronal,  599,  600 
Vesication,  114,  153 
Viburnums,  368,  309 
Vinegar,  730 
Vinum  antimoniale,  757 

ferri,  771 
citratis,  771 
Virus  vaccinicum,  533 
Vitamins,  1 01 
Vitriol,  blue,  784 

green,  771 

oil  of,  13  a 

white,  78s 
Vlemingkx's  solution,  laS 
Volatile  caustics,  IZ4 

oils,  21 

ecbolic,  146 
irritant,  141 


Wahoo,  41a 

Warming  plaster,  154 
Washing  soda,  ia6 
Water,  65B 

distilled,  661 

withholding,  661 
Waxes,  21,  108 
Weights,  46 
White  lead,  806 

precipitate,  798 
Wild  cherry  bark,  618 
Wines,  34 

Wintergreen,  oil  of,  514 
Witch  hazd,  145 
Wood  alcohol,  559 
Wool  fat,  106 
Worm  seed,  American,  183 
Levant,  184 


Xantboxyluu,  159 


Yeast,  355 
Yellow  wash,  798 
Yohimbin,  263 
Yttrium,  775 


Zis-c,  784 

phosphid,  Si  i 
Zind  carbonas,  785 

diloridum,  78s 

oleostearas,  775 

oxidum,  785 

phenolsulphonas,  785 

sulphas,  783 

vaferas,  785 

valeriaoas,  785 
Zingiber,  t6i 
Zirconium,  775 
Zygadenus,  da  8 
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Carman   6   Miller's   X-ray 
Diagnosis 

Rontsenolosy  of  the  Oastro-inteslloal  Tract.  By  Russeix  D. 
Carman,  M,  IX.  Head  of  Section  on  Rontgenology,  and  Alkert  Mil- 
ler. A.  B,,  M,  v..  Second  Aasistant  in  Section  on  Rontgenology, 
Division  of  Medicine  in  The  MayoClinic.  Rochester,  Minnesota.  Octavo 
of  550  {uges,  with  504  illusttations.     Puhiubed  Mar.  i«iT.     Cloth,  $6x)0  net, 

COMPREUCNSIVC  IN  DETAIL 

This  work  takes  up  the  di.i(;noMi  of  dibca&c  of  the  alimentary  tract.  foHoninn 
Ju  course  from  the  cso|)h.a);u.i  lo  Uie  reciiim.  Vou  ate  toM  what  .ip]uiTniu«  i* 
neeited.  and  exactly  how  to  ute  'a.  with  formulas  for  tlie  buriuni  meal  and  enema. 
You  are  f;xven  (he  Kdnlgen  appearance  of  ilie  normal  or^an  under  diMruMion. 
whiit  appeaianccs  signify  abnormalily,  and  cxarily  how  (o  delect  .ibnonniility. 
Then  you  set  th«  KOMgenoIoeic  symptoms  of  e^  erj'  diaease  of  ilic  organ,  folliwed 
by  several  actual  example*  of  each  to  show  individual  vari.icion*,  and  an  exten- 
sive bibIiot;rapby  on  every  lopic.  A  few  of  the  important  lopKS  treated  are  early 
cancer,  dlveitlciila,  gastropuwis,  "himger-pain' '  in  duodenal  ulcer.  Lane's  kinka. 
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Suld  only  by  the  Clinic  Year  (July  to  May),  six  \-o)umcs.  Clolfa,  $14.00 
net;  Paper,  $10,00  net. 

In  TiiE  Medical  Clinics  op  North  Aursica  subscribers  will  receive  I 
poBlgnduate  course  of  unusual  scojk,  giving  ihcm  tliu  climcal  truchinji  tk 
the  great  medical  cenlers  of  the  cnuatT>-.  Each  number  will  be  a  hand- 
some octavo  volume  dc\'olcd  exclu^vdy  to  tlie  w-ork  of  one  medtcaJ  center. 
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Goepp's  Medical  State  Boards 

Paurik  Uluon  pubOibc^  M*nh.  tM7 

State  Bo^kd  Qotstions  ks,m  Answ^hs-     By  K.  Max  Ooerr,  M.  D.,  I'mIumt  of 
Clinicn]  Medicine,  Killndclpbia  Polycliaic.     OcUvonI  71.;  pMffi*.     OMh,  t4  15  nn 

TU>  IwA  mil  lirlp  foa  u>  |iui  aet  SUIs  Buud  Bnmif  linn.  Ikoc  lot  attt  ft  anr  *tvi»tHmiM.  ■*■». 
ihipi.<«t  Al9o*<iuick  ttltwWTHnrt.  farttattau:  VomH  ••  kaow  ilM  Udwk  vl  lh>  WwiwaBB- 
NwMhi  Itaclioa.  ur  oj  Uic  -"teA"  InMntnii  at  whllik  Tte  towfliW  Id4b  ttviB  yw  Iki  |^>  M<1  b  m 
imMoI  v**i  '■**'  hthtt  yefii  ^«fiDitc»  c«Dcla*  dcmiplionk 
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D/AGifOSlS  ANJ>   TREATMENT 


Cabot's  Works  on  Diagnosis 

Diffcrenlinl  Diagnosis.  I*rc9cntcd  through  an  Analysis  of  Casee. 
By  Richard  C  Cabot,  M.  D.,  Assistant  Professor  of  Clinka)  Medi- 
cine, Harvard  Medical  School,  Boston.  ICach  volume  an  octavo  of 
about  7SO  pages,  illustrated.  Fcr  volume :  Cloth.  56.00  net. 

Dr.  Cnbot's  work  ukcs  \ip  tiiAf^osix  from  the  |ioint«f  view  of  the /n^^wjlutf 
sjrmftem — the  symptom  in  any  dinease  whkli  holds  the  foreground  in  the  chnical 
picture  :  the  pHnclpit  cotnpUini.  It  groups  dlse&ses  under  tbew  symptoms,  aitd 
point*  the  way  to  proper  reaxonin^  in  coming;  to  a  correct  diagnotix,  It  works 
backward  fTom  each  leading  sym|>lom  lo  the  actual  organic  cauM  of  the  symptom. 
This  the  author  duet  by  means' of  ais^-Uaihmg. 

Th«  tymfum-grfupt  in  Voluoic  I  iTUid Bditioa— Jwurr.  ><»>  ft:  llcvUche.  gen- 
«nd  abdomin*)  ptin.  «pi|{uiric  pain,  fifflit  hyinchouiilriac  poin.  lefl  hyp«choiidrinc  jwln.  rielit 
IHkC  pakl,  kft  lliiu  imia,  uillmy  \*\n,  \»m  in  urmi,  jjain  in  lens  uid  (ect,  (rven,  chillt. 
con*,  eoiiTuliloiK'.  wrtkocM,  cou;^,  tooitiDg,  heiniturw,  dytfiiiaa,  jauiKlicc,  and  n«rvouv 
■•■1—31  synpcoiiu  and  385  oun. 

Volume  II  (Sfcood  BdHioD-rtbrawr.  1*1  R  1  Abdominal  and  olb«r  himon,  Tettigo, 
diatihea.  dyi|iepBiii.  Iirin^iiirinmis.  enlarged  glandi.  btnnd  in  •'tools,  twdUng  tS  hoe,  hano- 
ptyut.  edema  iif  \t'^,  rr(<{ucni  tnjcturiiliin  and  intyuria.  ramiint^  hooneoesi,  imlTar,  swcUi^ 
of  Btm.  delirium,  |uI|HUiiaii  anil  ■rhyllimia.  tremor,  aiclte*.  and  abdominal  mlaisenieni— ^ 
tiMBl  of  ig  lynipuiint  anil  Jiy  inittuclive  c.iwt. 


Morrow's  Diagnostic  and 
Therapeutic  Technic 

Diagnostic  ami  Therapeutic  Technic.  By  AuiBRT  S.  Morrow, 
M.  D..  Clinical  Professor  of  Surgcr)'.  New  York  Polyclinic.  Octavo 
of  834  panes,  with  860  original  line  drawings.  CJoth.  f6xK)  net. 

SECOND   EDITION 

Dr.  Morrow's  new  wrork  is  decidedly  a  worti  for  you — the  physician  engaged 
in  gener.il  practice.     It  b  a  work  you  need  becuuie  it  tclU  you  \ua  how  lu  perform 
I  procedures  ret|iiired  of  you  cvciy  day,  and  it  Irlls  yoti  and  skcm't  you  by 

r,  mew  line-drawings,  in  a  way  never  befurc  approached.  It  is  not  a  book  on 
drag  therapy  ;  it  dcAK  alone  with  physical  or  mechanical  <BaKnonic  and  thera- 
peutic mcMures.  The  information  it  give*  is  such  as  you  need  t<*  know  every 
day— irjniiriisidn  .tml  infusion,  hypodermic  medication.  ItierS  hy|>ereHita.  cvplura- 
lory  punctures,  .ispiratt»ni.  anesthesia,  etc.  Then  liiillow  descriptions  of  tlvnte 
measures  employed  in  the  diagnotu  atKl  treatment  of  dtscascs  of  special  regions  or 
organs:  prociocly»s,  cystoscopy,  etc. 
iowmeJ  Am«rican  DMIoal  AwoeMtea 

"  'PtE  prnoedurcs  destnticd  at  iboae  whiofa  practioooen  nay  at  (ome  dote  be  ealkd 
oa  (o  perform.'*  Puhllata<  Jaanan.  lOtS 


Musser  and  Kelly  on 
Treatment 

Practical  Treatment.     Hy  loS  cminetit  spccuili:«ts.     Volumes  1, 11, 
and  III.  edited  by  John-  II.  Mussek.  M.  D..  and  A.  O.  J.  Kelly.  M.  U. 
Each  an  octavo  of  95O  pages,  illustrated.     Clotli,  $6.00  net ;  Half  Mc 
rocco,  fti.50  net.     Volume  IV,  edited  by  Jotis  H,  Mi;sstJ<,  Jk.,  M.  D^' 
and  Thomas  C.  Kelly,  M.D.    Octavoof  990  pages,  illustrated.    Cloth, 
$7.00  net  pubii.**!  M.T.  WIT.  Suhttripliim. 

VOLUME  IV— All  th*  N«»  TrMtntaii-JUST  OUT 

With  Mii-iscr  and  Kelly't  Treatment  within  arm's  reach  you  have  at 
iniuni  cointiianil  tbc  combined  ex|>crtcnce  ind  tca^hini;s  of  loS  Icjidin);  inic 
uul  specialists  of  America  and  England.  In  many  case*  jrou  gel  the  %ii  tuii! p^f- 
Kt7fitii,mt  nwA  \y}  ihcM  auOiorttics.  The  put  few  years  have  jeen  radical  de- 
velopmenu  in  medicine  :  il  is  these  new  dn-elopments  thai  conMhuie  the  lubjcct- 
matter  of  Vofumf  IV.  Itncicriology,  the  emlocnne  glands,  ^rum  therapy,  >>'B- 
tbetu:  chemutry.  new  sutipcal  and  non-mciljail  treatments — these  arc  only  j  fr* 
of  the  subjects  covered.  Remember.  Musser  and  Kelly's  TreJiiment  coier»  the 
tfttitf  fiflJ.  It  is  a  Treatment  that  will  give  you  more  service — tfttur  service — 
'ban  any  otbcr. 


Th 


omson  s 


Clinical   Medicine 


Clinical  Medicine.  By  Wicmam  Hanna  Thomson.  M.  D.,  LL.  D.. 
formerly  I'rofcssor  of  the  Practice  of  Medicine  and  ot  DUcnsci  of  tbc 
Nervous  System,  New  York  Universit)-  Medical  College.  Octavo  di 
678  pages.    Cloth,  S5.50  net.  p*uiih*d  jM«uT.mi 

SECOND  EDITION 

This  new  work  rqiretents  over  a  /talf  rfnlurye/ a(fhf  prat  lie*  tmd  Itatk 
tig-.  It  deals  with  Miult  medicine— 4he  afifJuntuii  at  medical  knowledge  I 
(he  reUef  ofUie  sick.  Kirst  ilie  meanini;  of  common  and  imponant  syinptDau  I 
staled  //{fim'trfy.-  then  follnvs  a  chapter  00  the  ute  of  rciimltcs  and  a  classii* 
cation  of  them  :  next  the  section  on  inicctioiu.  and  low  a  section  on  diseases  of  pat- 
dcular  organs  and  liuues.  It  is  medical  knowledge  applied- — htaa  cover  locover. 
An  imporuni  chapter  is  thai  on  ihe  mechnniMn  of  mrlace  chill  and  "ouchtq^, 
cold,'*  going  very  clearly  Iniu  the  eiiolo(;ic  fadofs,  and  outlininK  the  trmtsieBLJ 
The  chapter  on  remedies  takes  up  non'medirinai  and  mcdirtnal  rcoiedMS 
vatciHt  iiH'i  unim  thtrapy.  In  the  chapter  on  ihe  ductless  ^-latids  the  subject  < 
imertMl  stcreti^m  is  very  clearly  presented,  giving  you  the  latest  advances.  Tht 
tnfectiotis  diseases  are  taken  up  in  Hart  II.  while  Pari  III  dcnli  with  rtiirain  ri 
4)iecial  organs  or  tinues.  every  di«cBse  being  fully  presented  from  ifae  frtbJ'i^, 
(«//.     Treatmctil.  itBturally,  is  very  fulL 


Ward's  Bedside  Hematology 

Bedside  HemntoloKy.  By  Gordon  K-  Wakd.  M.D.,  Fdlow  ot  the 
Royal  Socict>'  of  Medicine,  London,  EngUnd.  Octavo  of  394  pages, 
illustrated.   Puhu*hc4  Apcu.  i«t4.  Cloth.  S3.50  net 

INCLUDING  VACCINES  AND  SCRUMS 

Dr.  Ward's  work  gives  you  the  ex»ct  tecbnic  for  obtaining  the  blood  fnr  es> 
uninaiion.  the  niukin^  o{  acneara.  the  blood-count,  finding  ctttfiulation  time,  etc. 
Then  it  uket  up  each  diieasc,  giving  you  Die  »ynonyins,  definition,  nature,  gen- 
eral paiboloey,  etiology,  bearlnss  of  age  and  sex.  (he  onset.  symptomatoloKy  (■)■■- 
cuudnj;  each  symptom  m  dttaU\,  course  of  the  itUeaxc,  clinical  vHiietiet.  compli- 
cations, disgnosia,  and  treatment  (drug,  diet.  rest,  vateinfs  aad  iemmi.  etc.). 


Faught's  Blood-Pressure 

Blood-Pressure  from  the  Clinical  Standpoint.  By  Francis  A. 
Faught,  M.  D..  formerly  Itistructor  in  Medicine,  Mcdico-Chirurgical 
CoIIcgeofPhiladclphia.  Octavoof4~5pages, illustrated.  Cloth,  23.;onct. 

SECOND  EDITION -puMbhed  Novsmbw.  1916 

Dr.  Fnugbt'!!  book  '\x  designed  for  piaciical  help  af  thr  ^tthiJr,  He^ides  tbe 
actiu:il  lechnic  of  using  t^e  BphygmaDisnometer  in  diagnosing  disease,  Ur.  Fauglit 
has  included  a  brief  general  discusuon  tA  the  proce»  of  circulation.  Tbe  practical 
application  of  sphygmomanomel tic  findings  within  recent  years  make  ii  impenttlve 
fcr  every  tnedical  man  to  have  close  at  hand  an  up-to-date  work  on  this  subject. 


Smith's  What  to  Eat  and  Why 

What  to  Eat  and  Wfiy.    By  O,  Cakkoll  Smith.  M.D.,  Boston. 

1 31110  of  3^7  P^C><       Cloth,  $3.75  net.  PubUltitd  Stptitntwr,  t«l3 

SECOND  EDITION 

With  this  book  you  no  longer  need  send  your  patients  to  a  specialist  to  be 

tfeied — you  will  be  able  to  prescribe  the  suitable  diet  yourself  just  as  you  do 

other  forms  of  therapy.     Dr.    Smith  gives  the  "why"  of  each  stairment  he 

makes.     It  is  this  knowing  vhy  which  gives  you  confidence  in  the  book,  which 

tnakes  you  feel  that  Dr.  Smith  JtiuKvt. 

P«Bn*7lvMU»  Madlcal  Journal 

"AH  IhcouKti  ihii  book  Dr.  Smilh  hu  sddfd  tn  his  illMctIc  hint*  •  (mil  insnyTaluableoMt 
ol  ■  geneml  rniturr,  which  will  sppcal  lo  the  eeoeml  prMIInoner." 


SAUND£RS-   BOOKS    ON 


Kolmer's  Specific  Therapy 

lafectlun,  ImmuDity,  and  Specif  ic  Therapy.  By  John  A.  Koi-MEE. 
M.  D-.  I.)k.  v.  H.,  Assist;uit  Professor  of  Experimental  Pathology-.  Uni- 
versity of  Pi-nnsylvania.  Octavo  of  ^i^^  pa^es,  mth  147  original  Sli* 
trations,  40  in  colors,  drawn  by  Erwin  F.  Fabtr.     Cloth,  S7.00  net 

Secood  Edition  pubUUted  October.  1917 

ORIGINAL  ILLUSTRATIOtfS 

Dr.  Kolmer's  book  K'ves  you  a  full  account  of  infection  aAd  immniutT.  »d 
lAf  appli.itHoH  0/  Ihii  kni»vUd£e  in  the  specific  diagnosis,  prevention,  and  tral- 
mrnl  of  diicase.  The  seclion  devoled  lo  immuHiilogic  teikni(  gives  you  eveiy  de- 
tail, from  the  care  of  the  centrifuge  ;ind  making  a  simple  pipet  to  the  ictsal  ptv- 
diictiun  uf  serums  and  VAcdnes.  L'nder  spnifii:  tkrrapy  you  get  mcthcMfa  of 
makiii^  itutfgitnims  x-Mi  tuts  ami  ilieir  antra/  uj^  in  diagnosis  and  treatmcnL  Tbe 
direrlion^  fur  injcclin);  vaccines,  senims.  salvarsan.  etc. — with  tbe  r-cx./  ritM^^— 
«tv  here  ^nven  S(i  cintrly  that  yuu  will  be  able  to  use  these  oexns  or  treaenoitta 
your  daily  practice.  You  also  get  full  diiectioas  for  making  ibec&tiem/i 
tracUoHi — the  variout  tuberculin  tests,  luetin.  mallein.  and  similar  reBctioes.aXi 
tnted  with  iW^rrtt  pittts.     The  linal  settion  is  devoted  id  /alvrsUry 


I 


Anders  &  Boston's  Medical  Diagnosis 

A  Text-Book  of  Medical  Diagnosis.     B>  JahesM.  .\Nt>EJL^  U  D, 

P11.D..  Ll_n..  Priifc-isor  of  Medicine,  and  L  X.uWLEOS  Bg^tviv  M_D_ 
Professor  iSi  Physical  Diagnost,  Medico-ChirtrgkaJ  Colkgc,  Gvadwae 
School  of  Mciiicine.  Vni^-ersit^'  oi  PennsyK-ania.  OcU\-o  of  i  i*?  cagca. 
with  460  illustrations.     Cloth,  #6.00  i»et, 

SECOND  COITION 

Tlut  ne«  e<]Kin«   is  <leRsT>c<i   esittessiy  i<^  the  ^eacnl 
mnhixb  ):tvcn   jnr  practical   and   especixllT  adapted  fbv 
clia(«o«tK  methoiU  are  presented  in  a  fbnv&L  dti»,ir  vv  b* 
bad  wide  evi.ienc-tK~«  at  d«e  bedside  and  ia  tbe  doncal  tabooKCT 


TW  MtJktX  Ri^ravJ 


li  nan  te«(  «ccap*  ■] 


THE  PRACTICE  OF  MEDICINE 


Anders' 
Practice   of  Medicine 


A  Ttiea-Ek>ok  of  the  Practice  of  Medicine.  B>'  JauE5  M.  Anders. 
M.  D.,  Ph.  D.,  LL.  D.,  Profcsior  uf  Mcditiiic,  Mtdico-Chinirgical  Colkgc 
Graduutc  School,  University  of  Pennsylvania.  Thirteenth  Kdilion,  with 
the  assistance  of  John  H.  Mcsseh.  Jr.,  B.  S.,  M.  D.,  Associate  in  Mcdi- 
cjnf.  Uniwrsily  of  Pennsylvania.  Handsome  octavx),  taso  paR^s,  fully 
illustraicd.     Goth,  S6.00  net.  Pubinhed  Ocubu,  iait 

TIm  siieeesa  of  this  work  Is  no  doubt  due  lo  tbc  extensve  cwuidcration  given 
10  Diagnusit  4iid  'rreatroent.  under  DlfTerentiul  IMasnoMii  ih<  points  of  di^tintiion 
of  simulating  diseases  being  presented  tn  ubuUr  form.  In  iliis  new  edition 
Dr.  Anders  has  included  all  the  inotl  importunt  adrMiccs  in  medicine,  kect)lnB 
the  book  within  honniix  by  n  judicious  elimination  of  obsolete  matter.  A  grest 
many  articles  have  also  been  rewritten. 

Win.  E.  Qulne,  M.D.. 

IW/iii.'ril/  fiMiifiu  aiiJ  CSakat  AMI<lat,  CfUtgl  ^  nuiitiam*  ami  Surgttni.  C*ic4f*. 
"  1  conlidcr  Aiiilrri'  Prnclica  one  of  Ihe  beit  Knelt-voluma  woiki  ImIor  the  ftoktaum  aX 
Ihb  time,  ttad  one  o(  the  bait  MKi^book*  for  medical  Mudonlt." 


DaCosta's  Physical  Diagnosis 

Physical  Dlacnosls.  By  John  C.  DaCosta,  Jr.,  M.  D..  Associate 
Professor  of  Medicine,  Jci'ferson  Medical  College,  Philadelphia.  Octavo 
or  ;89  pages,  with  243  original  tllu-strations.  Goth,  (3>30  net 

THIRD  EDITION -pitt»lbhed  Novetnbet,  lOlS 

TV.  n«Coi!t>'«  work  is  a  iho roughly  new  and  original  one.  Every  ineth«o 
given  l)fts  been  carefully  IckiciI  -ind  pmved  of  value  by  the  author  himsdf. 
Normal  ph)-sical  signs  are  explained  in  detail  In  order  to  Aid  the  diagnostic  tan  in 
determining  the  abnormal.  Both  direct  and  dlfTercniia]  diagnosis  are  empbastted. 
Tlie  (arrlln.1l  methods  of  examinadon  arc  supplentenled  b>'  full  dc^rriptions  of 
technir  and  the  clinical  utility  rfcenain  instrumental  means  of  research. 

Dr.  !!««]'  L.  Ummt.  Pn/iurr  r/  MrJtti*/  lU  Synumt  L-Hivtriily. 

••  t  li;>vr  iirvicaeit  ihii  book.  lUd  aai  dioroDghlv  coatjnotd  that  tl  \t  one  of  ibr  Iseu  tm 
vtMEu  OB  (hit  sut>}(«i,     la  eicry  way  1  Snd  it  a  topctior  produclkiu," 


SAt'.VI>£JiS     JOO/C.'i  o.v 


Norris  &  Landis*  Diseases  of  the 
Chest  and  Physical  Diagnosis 

Diseases  of  the  Chest  and  the  Principles  of  Physical  Diagnosis. 
By  GEORr.E  Wiixiam  Nokkis,  A.  B.,  M.  D..  Associate  in  Medicine  at 
Uie  Univeraih-  of  Pennsylvania;  and  H.  R.  M.  Lanuis,  A.  B,,  M.  D.. 
Director  of  Clinical  and  Sociological  Deiiartmcnt  of  the  Phipps  Insti- 
tute. Philadelphia.  Octavo  of  782  pages,  with  41 3  illustrations,  mostly 
original.    Cloth,  S7/X)  net.  i>obfah«i  Aacuu,  iw 

STRONG  ON  INTERPRETATION 

This  work  presents  an  admirable  combination  of  the  theory  and  apptieatiau 
of  physical  dia^noti^  It  is  cmuplete  down  tu  the  last  <letail.  llie  first  pan  lakw 
Up  the  method*  in  tliemielvM.  Inqiertion.  pAlpation.  peroiuton.  and  auaeuUa- 
tion  .\re  completely  covered  in  the  examination  both  of  the  lun^s  and  of  the  heart. 
The  latter  is  amplified  by  a  chapter  on  the  elect rocardioRraph  by  I>r.  Edward  8. 
Krumbhaar.  The  second  parr  takes  up  the  pRrticular  dUeases  of  the  branchn.  of 
the  lungs,  of  (he  pleura,  diaphragm,  pericardium,  heart  and  aorta,  and  shows  yoa 
exactly  how  to  determine  the  diattnoais  by  the  tymptomt  and  findii^.  \'ou  gel 
here  the  application  of  the  four  methods  to  your  daily  clinical  work. 

Friedenwald  &nd  Ruhrah  on  Diet 

Diet  In  Health  and  Disease.  By  Julius  FRiKnRNWALn.  M.  D., 
Professor  of  Diseases  of  the  Stomach,  and  JoilN  RuhrXh.  M.  D.,  Pro- 
fessor of  Diseases  of  Children,  College  of  Ph>-sicians  and  Surgeotu, 
BaldtnoFc.     Octavo  of  857  pages.  PwbUiii*d  ivij,  isi).  Clotl),  £4.00  tieL 

rOURTH   r,DiTfON 

ThI*  new  edldon  b*i  been  carefully  rgvisrd.  m&kine  >■  Mil  nore  uaefUl  Ihaa  (ha 
•dllloni  pr«*iniuly  txhaoHd,    The  iKidic*  iia  luilk  and  ulcohol  hiT«  bvm  itwritm, 
mule  lu  ihoiG  on  lubcrculoiii,  ilie  uit-lrcc  din,  and  nclai  fetdlDg,  bmI  tcveral  tabiM 
bictudins  Wtnlon't,  thowini;  Hie  cuiiipuiltiDn  o(  dubeus  food*. 

George  Doclc.  M.  D. 

l^ettfr  f/  nttry  aiU  fracHu  ami  ^  CBnttal  MtJIifmt.   7)ttalf  tMtttniHr. 

"It  Memt  lame  llialyou  have prepured  Ibc  n«nt  valuable  wotkortb*  Undaow 
I  am  npecUlly  (Ud  to  *■•  lb*  lo&c  lUl  el  analytcs  of  inffcrcol  UnU  of  foodi." 

Carter's  Diet  Lists 

DiKT  Lisrs  OF  THF.  PRKSBirTFRiA:*  HosriTAL  0*  Niw  Vo«K  Cm. 
Compiled,  with  notes,  by  Hkiiiikrt  S.  CaxTRt,  M.  D,  isino  of  119 
pages.  ihibUib«d Hur. loiJ  Cloth,  li.ooMtt. 

Here  Dr.  drier  hat  compiled  ill  ihc  diet  lltia  lor  tbe  tifkia*  dite'tn  and  far 
iMccncc  u  pnucriboJ  at  the  IVcebytenui  Hoipiul.     Recipei  ue  alM  Incladtd 


PRACTICE  OF  .StEDIClNE 
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Kemp  on  Stomach, 
IntestineSt  and  Pancreas 

Diseases  of  the  Stomach,  Intestines,  and  Pancreas.  By  Robert 
Coleman  Kkmp,  M.  IX,  Professor  of  Gastrointestinal  Diseases  at  the 
New  York  School  of  Clinical  Medicine.  Octavo  of  1096  pages,  mth 
428  illustrations.    Cloth,  S7.00  net. 

NEW  IMI  EDITION -publUh«Hl  April.  1017 
Tli«  new  edition  of  Dr.  Kemp's  successful  work  appears  after  a  most  search- 
tB£  reviiiioD.  Several  new  Mih)e<ts  have  been  intrnduced,  noubly  chapten  on 
Colan  Boiillus  InftcHon  and  on  Diteaxei  cf  tht  Paicrtat.  the  laticr  article  being 
mlljr  an  exhaiiiiive  monograph,  covering  over  one  hundred  pages.  'Die  MClion 
on  DueJtnal  Vlcer  hat  been  er\tircly  rewritten.  Visffral  Dtsplacemenlt  are  given 
special  consideration,  in  ev«r>'  case  givinE  deBntte  indications  for  surjical  inter- 
vention when  deemed  ndvitable.  There  nre  also  important  chapters  on  the  fnttf' 
tmal  CompiicatioHi  of  Typhoid  F^er  and  on  Shverticutitit. 

Tbe  TTwtapviitlc  Gas«tt« 

"  Die  ili<-rjpcuii>^  .ijvla  which  li  given  li  ncollcuL  Method*  of  physical  and  eli&icaJ 
eaamrnafon  ue  adcqiuMl)-  asd  corrfcdjr  ilcKtilNxL" 


Gant  on  Diarrheas 

Diarrheal.  Inflammatory,  Obstructive,  and  Parasitic  Diseases  of 
the  OaitrvlntesUnal  Tract.  By  Samuel  G.  Gakt.  M.  D.,  LL.D., 
Profei«ior  of  Diseases  of  Sigmoid  Flexure,  Colon,  Rectum,  and  Anus, 
New  York  Po^t-graduate  Mcilical  School  and  Hospital.  Octavo  of  604 
pages,  181  illustrations.     Cloth,  56.00  net. 

ILLUSTRATED 

This  new  work  is  particularly  full  on  the  two  practical  phases  of  tbe  lubjec^— 
diagnmi)  and  trfafmtnt.  Kor  instance :  White  the  CMcntinl  diagnoctic  ptdnis  ate 
given  under  each  disease,  a  fuller  description  of  diagnostic  metliods  Is  given  in  a 
special  chapter.  Tho  differential  ttiagHoUi  of  diarrheas  of  local  and  ihoic  of  sys- 
temic disturbances  is  strongly  brought  out.  TTiere  i»  a  special  chapter  on  ntr- 
f^tti  duirrhta.%  .ind  those  originating  from  gtutrt^enif  and  rnltrK^mic  liysfffiti^i. 
You  get  methods  of  siinulianeously  controlling  associated  comtipailon  and  diar- 
rliea.  You  Kct  a  complete  farmulary.  Tbc  limitations  of  drugs  are  pointed  out. 
and  the  indications  and  Itchm^  of  ail  surgical  procedures  given.  Jum,  iBii 

Gant  on  Constipation  and  Obstruction 

This  w(»k  is  medical,  non-mcdirnl  ( mechanical),  .-ind  tiir;:ii-.tl.  the  latter  realtor 
bring  a  complete  work  on  rei:ltic(>lr<iii<:  'ur^ery.  SMondE-iiiioBOtiuiKi.  i«te 

Ootnoof  17S  pdf«Si  wlil>  ajo  lUuitrailons.    Hy  Sahukl  G.  Gakt.  M .  D.    Clalh.  |6«o  n«i. 


to 


SAUNDERS    ItOOKS  ON 


Sollmann's    Pharmacology 

A  Manual  ol  Ptiarniacolosy :  Its  Applications  TO  Therapeutics 
AND  Toxicology.  By  Torald  Solijiann,  M.  D..  Professor  of  Pharma- 
cology and  Miiteria  Medici  in  the  School  of  Medicine  of  Western  Re- 
serve University,  Cleveland.    Octavo  of  901  pages,  illustrated.    Cloib, 

{4.50  ncL  PnMlihed  FibtuUT.  I«l' 

JUST  OUT-BASED  ON  THE  1916  U.  S.  PHARMACOPOLU 

MANUAL.  ''"'''*  •*  **  '***  "  refcrtne*  voltime.  Two  dies  o<  type  an 
used.  1'he  broad  conceplioDs.  Uic  t.'^neialbationi.  aivd  Uioae 
deinilcd  dIscii-iNioni  or]{te.it  and  pmctioU  \-alue  In  i>nu-tttioner  ajul  student  arc  Mt 
In  il)«  large  type.  The  v\3,%s  of  minute  details  i&  set  in  the  uualler  tyi>e.  Hdh 
frequent  side  headings  >o  fuciliuie  quick  reference.  Throughout  the  work  ilie 
rthlioa  f/  fikarmtut^egy  to  Ike  firoiiice  of  mfditint  is  forciblv  cmphnsiieit.  ll* 
really  imponant  dnigs — thoic  drugs  thai  you  actually  um  in  your  {>nictlc^-^te 
discucied  extensively,  while  iKose  uiicd  teu  (rei^uently  are  dismiued  with  teucon- 
udCTSlion.  .'Ml  the  new  rcmcdici  arc  Inrluded.  nith  dcUiled  instnictiuns  fotthetr 
use:  Vaccines,  serums.  saUarsan.  neosalvarsan.  pituitary  extract,  emctlii— oil 
thoctc  new  reroediea  of  the  I'hnrinacupceia  being  50  cxtenilvdy  diocuued  and  em- 
ployed.    Every  ironhwhilc  dc^elnptncni  in  the  lield  of  pharmacology  is  IndiMM. 

LABORATORY   GUIDE,     'r*"*  exercMJs  in  thtt  iMlH^alary  Gmdf 

pTVteni  no  difficulty  In  icclimc.  and  r*- 
quire  little  help  fruiii  ihc  insitucior.  They  leacb  you  Imiivio  teacA yoarse/f.  SpecMl 
SIreis  i&  laid  on  ims  n-ith  direct  practical  bearing;. 


A   UUraltry  Cmiil 
CiMb.  •l.tD  Mt. 


By  TcqiAin  Soiuumt.  U.  0.   Oeum  i*  ju  MSn.  Obalnutf, 


Sollmann's  Actions  of  Drugs 

The  Actions  of  Drugs  :  A  Coursk  of  Elbmkntakv  Lectii-res  for 
Students  of  Pharm,vcv.  ByToRALn  SoLtMAS.v.  M.  D.  izmo  of  313 
pages.     Cloth,  £1.50  net.  pnwibad  ocMbn.  mr 


Amy's  Pharmacy 


Principles  of  Pharmacy.     By  IIe.vkv  V.  Arny.  Ph.  D..  Pr 
of  Chcmislr>-.  New  York  College  of  Pliamucy.     Octavo  of  1056 1 
with  246  illustrations.    Cloth,  $;,50  net. 

SECOND  EDITtON— publUhed  Much.  1«1T 

Professor  Amy  divides  his  hnok  into  »even  pans:  The  Grat  nail  ttealt  wtlh  phar- 
macetitic  proceises."  a  strikini^  fe;iture  beinc  the  clear  discutolon  of  the  iirithmrti 
^/pAarHMty:  the  second,  with  galenic  preparations  of  the  Itiannacnpivia  and  tfaoM 
unoflkial  preparations  of  proved  value;  the  third,  with  the  inorxanit.  chenicali, 
including  the  theories  of  cbemittry ;  the  fmirth  diHuises  Ibe  oi^ganic  chemical*; 
ihc  fifth  is  devoted  to  chemical  tcstinf;,  prcsentine  x  lysiemntir.  grouping  of  tU 
t/u  Uitf  ef  the  Pkaranxofiaiit:  Ibe  sixth  discusses  the  pre^ription  from  Ui«  tinie 
it  i*  written  until  it  is  dispensed:  the  seventh  is  devoted  to  laboratory  ttodc,  wiih 
tXfciUi  m  efuntMn  U'rifing  and  ihemical  arilhrntlit. 


THERAPEUTICS  AND   EXEKC/SE 


II 


Bastedo's   Materia    Medica 

Pharmacolo^,    Therapeutics,    Prescription    Writing 

Materia  iMedica.  PharmBcoIoKy,  Therapeutics,  and  Prescription 
Writing.     By  VV.  A.  Basiloo.  Ph.  G.,  M.  D.,  Assisunt  I'rofcssor  of 
I  Clinical  Medicine,  Columbia  University,  New  York,    Octavo  of  654 
I  pages,  i]lu5li3ted.     Cloth,  {4.00  net. 

SECOND  EDITION.  REVISED  AND  RESET 

Dr.  Bait«<li!'»  discussion  of  his  MibjKt  ii  ven'  complete.  As  an  illusmiioa. 
lake  the  pharmacologic  nciion  of  the  (lru>;.  It  f^i\a  you  thi-  unliiteptic  action,  ihe 
local  action  on  the  slein.  mucous  mcintiraiics.  and  the  alimentary-  met  .  where  ibc 
drag  n  abaorbed.  if  at  all — and  hovf  nii)idl> .  It  (^ivcs  yoii  ihc  s>'slcmic  action  011  ibe 
circulainry  organK,  re«|>irator)-  ori;ans,  nervous  Kytiein,  and  Dense  orKans.  It  tells 
you  how  the  dru);  is  changed  in  the  body.  It  given  you  the  route  ol  eliminatioD 
and  in  what  form.  It  s'ves  you  the  action  on  the  kidneys,  bladder,  urethra,  skin, 
bowcU,  lungs,  and  ni.ammary  inland*  during  elimination.  It  gives  you  the  aAct- 
effects.  It  givei^  yoiL  tlie  unexpected — the  unu«u,-i] — effect.%.  It  gives  you  the 
loletance — habit  formation.  G>uld  any  discussion  be  more  complete,  more 
ihoroiigh  ? 

Botloa  Medical  mmI  Surgictl  Jounul 

"■  Ilsaim  iliioijL'tioiir  ii  ilifrspni'if  .itnl  pTaiUiMl,  r^ithcr  thiin  (hcorclic  ami  |>h>nniu<olosic. 
J  The  tm  it  iliiiMr.iirit  Willi  tixiy  ■HtW-iliairn  pUTrt  iniJ  cuts.  It  ilioutd  prove  a  wefnl  cea- 
i-nilmtlarn  l«  ihr  icn-book  tit«ntur«  on  i)i>--c  -.iiliji-cis  ' 


McKenzie  on  Exercise  in 
Education   and    Medicine 

'Exercise  in  Education  and  Medicine.    By  R.  Tait  McKpnzik,  B.A, 

M.  D.,  Professor  of  I'hysical  luiiicali.i:i  and  Director  of  tlie  Dirpaitmciit, 

[University  of  I'enniiylvaiiia.     Octavo  of  585  pages,  wilti  47S  ori^nal 

[Uluslnitioiu.  Clolh,  S4.00  net. 

SECOND  EDITION— publiihnd  June.  1»I5 

,  D.  A.  SartfeUlt.  M.  D.,   r>irril«r  ./  Htftau\iy  G^mmuinm.  f/irvartt  t'"i""T*l>, 

■'  li  onnoi  ua  10  hr  lidi-ful  lo  (.imiJiii^iins  in  medicine.  Tb*  clnsiiliraitoii  cif  aUikfie 
(unei  and  enetcUc*  In  labulai  lorm  for  dinrnnl  aett.  tem.  anil  occiipallont  u  ihe  wark  of  mi 
eipen.    tl  shouM  tw  in  llio  huub  of  everj  pbytlctl  cducuar  «nd  medical  praeiiiionn." 

Bonney's  Tuberculosis  second  cdMon 

IluBKRciruTats.     By  Sherman  C.  Bonnev,  M.  P.,  Professor  oJ*  Medi- 
cine, Denver  and  Groas  College  of  Medicine.     Ociavoof  955  pages,  with 
243  illuslrattoiia.     Clolh,  $7.00  net ;  Half  Morocco,  J8.50  net. 
MwylMd  Mwfical  Jeunu.1 
"  Ml.  HoT'nry'-  i>e>ok  it  onr  of  the  bcti  Mid  mMI  aiaci  work)  on  tuberculotU.  in  ill  iu 
Mp«B,  that  liM  yr\  twen  publlilied.''  Publi>)i*d  Mii.  loio 


Garrison's 
History  of  Medicine 

History  ol  Medicine.  With  Medical  Chronology.  Bibliographic 
Data,  and  Test  Questions.  By  Fielding  H.  Garrison.  M,  D..  I'tia- 
cipal  Assistant  Librarian,  Surgeon-General's  Office.  Washington,  D.  C 
Cloth,  J7.OO  net.  Secoad  EdUion  publiaKed  }aar.  IW 

THE  BAEDEKER  Or  MEDICAL  HISTORY 

The  work  begins  with  ancient  and  primitive  medidnc,  and  ciunea  you  is  t 
muM  intercwinj;  and  iiislnictive  way  on  through  Egyplian  medicine.  Stimcrat 
Knil  Oriental  incHiiinc.  Greek  medicine,  the  liyzantine  period  ;  the  MoKai^unc^i- 
nnd  Jewish  peritKls,  Ihe  Medieval  period,  the  period  of  the  Renai&SAnce,  die 
vivftl  of  Icaminc  and  the  Reformation  ;  the  Seventeenth  Century  (the  age  ul 
vidkwl  scienlitk  endcnvor).  the  Eighteenth  Century  (the  age  of  1' 
sytiteini).  the  Nineteenth  Century  (the  beginning  of  organized  adv 
Kienre),  the  THcnlielh  CentiJty  (the  beginning  of  oij;amied  preventive 
Vuu  ifel  all  the  imgioitant  facts  in  medical  hi^ort';  a  biographic  dit 
album  of  'HfMtal  pclraits;  and  a  complete  ittedkal  ckrtmol^gy. 

Stevens*  Therapeutics  rifth  i:diii<m.  septct 

A  TKxr-tiuoK  OF  MouERX  Matekia  Meoica  ksj>    TaxxAFTrno.  i 
By  A.  A.  Stc\-ENs,  A.  M.,   M.  D.,  LectUTcr  on  P)ij^cal    Dii^noBi 
the  Uai%'eruty  of  rennsylvani^    Ocut  o  of  675  {ages.     Ooch,  jj  50 1 

Dr.  Sievcni.'  'therapeutics  is  one  of  the  nwai  saocxsdbA  wwfcv  oa  Arl 
■utifect  ever  published.  In  this  new  ediboa  Ae  wivk  h^m  '^^•^•■[rur  a< 
\-eri'  tbcvrnugh  revision,  and  i»ow  reptescnis  the  very  Lalesx  »d\-»t!;cs. 

lb*  M«Acal  Racotd,  N*w  York 

■■  Ani.-nj:  the  numrrvui  lrfiii«>  00  ihs  most  impomnl  t>nn>:li  <rf  irn  .'hi'  .rKT>T. 
this  hv  Pi.  Swiicns  has  ranknl  wiih  ib«  besi." 


Butler's  Materia  Medica 

A  TKXT-Btx>K  OF  Materia  Medic*.  THEK-ATEt^-no?,  vxr.  F"aiAK»- 
o.'ivVvv.  B)-  G^OKGE  F.  BiTi-EK,  PH  G..  M.  D-.  PtT>ic»<]c  axd  Btai 
CU  the  rV]ann»ent  of  Therapeutii-s  .tad  PriJtesjoe  ot"  Pre-i-e^rrt  t:^ 
Clmiial  Moiiiine.  Chicaiw  Coiiegie  01'  M«iic:r:'e  aixi  Sc-Eerx.  Meccjl 
IViannt^nt  V.dpahso  Iniiers^.  iVcuo  <k  7r;  t«a:».  ilffls=3»i 
Cloth.  jLf.oo  ne: :  Hait  Mt>rocco.  f  ^.  ^c  net.  t^^M*ad  j^k.  mi 

K.-r  th;s  s.:\ih  ed!ti<>n  Pr.  Ewtler  has  eocre^y  rtoMJeici;  ijs 
p^Ti  ha\  iTii;   Nren  re«ntten.      AH  obeciete  zzjxxt  iixs  '~^i  .■, 
.*;--e\-.jil  Attenaon  his  been  given  to  the  rciXcw^-CT 
o»  the  CK***  cvnipotinds. 


Tousey's  Medical  Electricity 
Ront^en  Rays,  and  Radium 

Medical  Electricity,  RSntgen  Rays,  aad  Radium.  Ky  Sincumr 
TousEV.  M.  D..  Consulting  Surgeon  to  St.  Jiartholomcw's  Hosjiiul. 
New  York.  OcUvo  of  1219  pages,  with  801  illustrations,  19  in  colore. 
Cloth,  $7.50  net  PBlMi.*.^  Petracir,  WIS 


ij 


SECOND  CDrriON.  RESET 


ne  r«*i>ion  Toe  tbii  edition  wiu  cstienwlj'  bwvy  t  p(*  tamtt  tun  incmwd  Ibr  law 
book  bj  tome  loo  pf:e%.  About  50  ocw  JlluMnlKivu  hB««  bnn  xldcd.  TW  new 
aUUr  MUcd  iDctuilM :  DiMhcrmy,  sisnioidil  ciimDti,  radiocmplty  wiih  inleMl^ria|[ 
NTMiu,  rilel|!caoibera{iy,  the  Cooliilfe  «nd  lioRikr  Rttotpo  tnbcx  uid  tlie  •nthoa'a  inihij 
of  doMce,  uid  niditun  ihtn\T  arc  notod.  The  book  b«*  bMo  snndicd  by  iaclodiag  MTcnl 
of  Hocluula's  tabnlw  <l«iMfi(a6ona  of  dearie  metbodi,  efl«cU,  Mid  uMi. 

Tkrougbool  tb*  entire  work  cTcrylhlng;  conceinlofc  elccCrioly,  x-njt,  nod  mdiam  in 
medkiac.  ■>  well  u  phololhaapjr,  ii  npUincd  >n  dtUil — notliin):  Uonilttd.  Il  tctb  yov 
liow  10  ei^tup  jroiu  office,  and,  more  tbon  tliai,  bow  10  uic  jour  appenUu^  *ipkinln(  ewm^ 
kll  diScvllits.  ll  Ulli  jDU  )uu  bow  to  apply  theft  nKasum  in  ibc  Irealncnt  of  diieue. 
The  ckiptcn  oa  JmlaJ  raditgiv/iy  axe  particularly  vj.lual>lc  10  thoM  inlere(l«d  in  dental 
work. 


Deaderick  Cf  Thompson's  Endemic 
Diseases  of  South 

Endemic  Diseases  of  th«  Southern  States.  By  William  H. 
Deaukmick,  M.  D.,  Member  American  Society  of  Tropical  Medicine; 
ami  Lovu  Tiiomi'son.  M.  D..  Charter  Member  Amcfkan  Association 
of  Immunotogists.  Oct;ivo  of  546  ]>ages,  illustrated.  Cloth,  fj.cx) 
net.  PubUiktd  M«c^  >«!* 

T«E  ONLY  WORK  OF  ITS  KIND 

This  work  tecorxis  ibe  expcticncet  ()f  iwo  active  practitioners  and  learhera 
right  in  the  field  nod  iboroushlj-  fuDUt»r  with  these  dlseaiics.  'Oiose  diM'^sn  ol 
special  impurtaiKe  are  ^vcn  unuMial  ciinwderation.  I^llngra,  for  instance,  \% 
Itivcn  eight  chapters  for  its  fiiU  considemtion.  while  lu>»he«rm  tOtfotr  coven  nine 
chapters  and  m,ii.triA  eight.  Voti  get  (he  etiology,  pathology,  clinical  history, 
t]>agnnsi*,  pragnnai^  prophylixit.  and  Iteatment  of  each  <li»caK.  presented  from 
ever>-  an^jle,  alxays  hearing  in  mind  the  practical  aimof  the  work— the  »«/>(Wi'i-4r(K«i 
of  the  knowledt;e  in  daily  practice. 


New  (9th)  Edition~2000  New  Words 


OCT  *    ^^  ■  THE  NEW 

THE  BEST  /mill  6  jTlCoIl  STANDAM 

Illustrated    Dictionary 

The  American  Illustrated  Medical  Dictionary.     By  W.  A.  New-     ' 
MAN  DoRL,\ND,  M.  D.,  Editor  of  "The  American  Pocket   Medical  Dic- 
tionary."    Laige  octavo  of  1179  jwgcs,  bound  in  full  flexible  leaihci. 
Price,  $5.00  net;  with  thumb  index,  Js-S°  "'^^  Pobii»iwii ooob«, i«t 

KEY  TO  CAPITALIZATION  AND  PRONUNCIATION— ALL  TBC  NEW  WOKDS 

llowiMd  ^K»nj,MSi.,Pr.ifiiarefGymrcalagie  Surf  try,  JoJiKi  ffufiini  lAmtrrity. 

"  Dr.  DorUiwt's  dlclionaiy  B  admirHbte,     II  i>  so  well  gollen  up  uid  of  tucb  i.ihii'mii 
liix.     No  errors  hare  been  found  in  my  uie  of  It." 


Thornton's  Dose-Book.  r««ii.  r*ifaw 

Doss.BiiOK  ANti  MtM.'Ai.oF  I'EK.%cmi-noN-WiiiTlNo.  ByE.  0-  THo«>n>v.  \[  IJ. 
Assistant  Proressor  ot  Maierit  Mtdica,  JefTerson  Medical  College,  Fliiladalpfaia.  foa- 
odavo,  410  pages,  illuslraled.      Flexible  lealiier,  tz.oo  net.  Pablahnl  Se»i ■■>■!.  1M> 

"  I  win  be  able  lo  m.ike  oonsiderabLe  use  of  ih.ii  p:in  of  Its  contents  relaling  to  tbe  e<jaiei: 
lerminologi-  nsustJ  in  prescription -wri ling,  .md  il  will  afford  me  much  pleasure  to  reix«- 
mend  the  book  lo  my  cl.is^es.  who  often  fail  to  find  this  information  in  thetr  other  "ei"' 
books."— C  H.  MlLLEK,  \l.D..Pr.^/rlli'ri/Phjrmjililo^..\'^n*-^itrrTt  iiiitrr  :.-r  .Ur::- 

Lusk's  Pood  in  War  Time 

1  iHiu  IN  War  Ti.Mf:.      liy  Graham  LviK,  Ph.  D.,  Sc.  D.     46  p^e&     Ctoth,  50 
centi  net.  Pnbltabed  re^marj.  l«i 

Here  vou  hive  a  practic.1l  e^posjlion  of  the  science  of  nutrition  as  applied  to  \<.*ir  daJ* 
mtnii.  \i>u  nic  shown  how  loconsene  the  foijd  su|p|j;v,  and  at  the  >aine  iiir.e  pfT-ti>! 
eftkiencv  and  health.      Puces  and  caloric  lalues  of  even  day  articles  of  toni  iie  pT-t. 

Camac's  "Epoch-making  Contributions** 

EriiCII-MAKTVr,  0>NTR1BITI0NS  IN  Ml-I'ICISE  AND  SiRGFlY.  Col^et^ed  Ksd 
arTa:i.;ed  i  y  C.  N  B.  CiM  \<:.  M.  I>-.  of  New  York  City.  OolaTo  of  45.3  «£=*.  i^^- 
lnit<..i.      Arlistic.illy  Ixiund,  S4.0O  net,  PoKahi^  Jiwmy.  1«» 

■■  Pr.  Cani.ic  h.is  pro^'j.led  ii<  with  a  m'^st  interesting  atarre^tion  of  ^'*^ i-j-;  1  ettavs 
Wi-  h.';ii-  th.it  miTuti.TS  -t  tbe  prcfc-sion  will  show  their  apprecatico  ot  bs  e;  ^xx'on.'— 
TiliR  wr.i  TIC  Gv/tTTE. 
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The  American  Pocket  Medical  EKction&ry  New  <  lOih)  EtUimt 

The  Amirii^(n  Piicki.t  Miii>n.ni.  Dicrii>.N*KV.  Ediied  iiy  W,  A.  Nkwmas  Dou- 
tAND,  M.  1>.,  Eiiiior  "Americwi  IlJiuiiiUnl  McdicU  Diciiunary."  ;o7  jhibcs,  Flctiblc 
IcMller,  with  gold  edgci,  Jl.25  ijkI  ;  willi  inile<,  <I.5o  iirl.  Oclobcf.  IftlT 

Strouse  ©  Perry's  Food  Manual  for  Doctor  and  Patient 

A  Food  Mancm.  i'ok  Doctcir  »\"t>  P*Tti!  vt.  By  Souni'ix  SrRriirgK,  A.  B.,  M-D., 
ProfcSGOt  of  Mcdidnc,  rost-Graduale  Mc-dlcaJ  ^tti'ml,  Cliicai^:  and  MaL'OB  A. 
I^asv.  B.  S..  Dietilian  MicJiatl  Rwse  Hoxplul.    larao  of  j;q  pB|;c?.    Cloth,  (i.jo 

OeU  Puhllih«dAaBiiit,19IT 

Here  the  sclenot  of  nutrition  is  dct&ilcd  for  Uic  layman,  and  the  physician  liads 
his  abstract  Iheoties  Iranilalcd  into  tht  IrrmmalDiQ'  of  lb*  kilchcn,  Llieb  are  given 
for  dinhclcs  lilortjlian  irfalmiwl)-  gout,  nejihritii^.  high  b[aod-pTr»surc.  kidney  stone, 
diseases  of  the  itumHcli,  intntlnts.  liver,  sall-ftoncs,  lubvrtuli>si<;.  (evci^.  sVin  affec- 
tions, obnity,  anemia,  etc.  There  ore  in  all  i^i  diets  and  mcnuii,  and  114  special 
recipes. 

Cohen  and  Eshner's  fKagnotis.  S«»ad  itevb«d  Edition,  looD 

EmentTAU  of  Dm^-iiiir',.  Ily  S.  SoLtS-CoiIKN,  M.  I).,  ?<iiii>f  Ai-hisnl  Proteisoi 
in  Clinical  Medicine.  Icffet^on  Medicnl  College,  ITiilii.  ;  iiiid  A.  A.  Esiinkk,  M.  D., 
t^ifcMor  of  Clinical  Medicine.  Phil  nd  el  phi  a  I'olyclinic.  Poil-oct*vo,  j8l  piige«  ;  JS 
illiiHlfiiluin*.      Cl*^tli,  Jl-J^  ncl.      In  S^atm/m'  Qiiffinm^Ccmfiriui  Srri/j^ 

Morris*  Materia  Medica  and  Therapeutics.  Seventh  Edition 

Fj.ikmi*i.i  <^f  Mathkia  Munic*.  TiirnAii fiin,  and  rRFsrniniriN-WkiiiSfl. 
By  HK-SkV  MuKHIi,  M.  D.,  Ule  llemonHniliif  of  Therapeulics,  JeHcrn'n  Medical 
Colleee,  Phila.     Re'iwd  hy  W.  A.  BAxrrno,  M.  D.,  ItntmctOT  in  Materia  Medica  and 

Pli»iiimc..lui!y"'<-'>'i"ni->'''Jniveisity.  I  Jmo.  jOO(^-igi-t.    Cloili,  Jt.Si  utL.  JaSauHifn' 
QKtstien-CifmfmJ  Strifi.  Publlllieil  Novembef,  I90S 

Kelly's  Cyclopedia  of  American  Medical  Biography 

Cvci/>Piril"  OF  A«ki;ii",iN  MKi'irM.  iSinniiirnv.  Hy  IIin\  (Hii  A,  Kil.lV,  M.  II,, 
Johni  Hopkins  t'niveriily.  Two  wdivos  o(  535  pa)(e>-  each,  with  [iiiirnnl*.  IVf  ler; 
CliJtIi.  Iio.oo  net;   Half  Mot-icco.  f  13.00  net.  PuUwbiil  April,  mi 


Oertel  on  Bright's  Disease  inuiiratad 

Tn«  Anatomic  Hisroi.odtCAt.  Pmocesses   of   BitifiKTs   Dckkaix.     By  Kokkt 

OKKTEL,  M.   D..  Dittctor  of  ilie  Riuiell  S»aO  liiMilule  of  Pathology.  New  York,     Ociavo 
of  337  pAifcs.  with  44  Wit-euti  nnd  6  eoloretl  plates.     Clolb.  *!,oo  n«l.  Dieemliei.  >«I0 

Arnold's  Medical  Diet  Charts 

Mir.nAi-  Din  Charts  I'MfaieiJ  by  H.  D-  Auxold.  M.D.,  Dean  r>f  Harvart 
Gridunie  Mfdmil  School.  BiBlo".  Sin([lo  chnrtis  S  eenta;  50  charts  >I,00  nel  j  50O 
eharii,  JlS.OO  nrl;    lOOO  chiitls.  t!000  ncL 


C^leston's  Prescription  Writing 


f*(.NTT*t.v  .f    PIBSCltlTIOH   WKITWH-      %  C«T   Hf-H-WTW*.    M.  D..    I>'»'JJ>'^« 

in  l'hjniiteol<«y.  Cornell   Uuivcriity   MedienI   C.-llrKe,     K-nic  of  1  i*  ym^ti.     C  loth, 
tl.i;  ncL  Second  Sdi^n pubUihtd  KoTembn,  1917 


'*  SAUNDERS'  BOOKS  ON  PRACTICE.  £u. 


Slade'i  Physical  Examination  and  DiagnosUc  Anatomy 

Phvsical  ExAiDNATio:.  ANB  DIAGNOSTIC  AsATOMY.  By  Charies  B.  Sum 
ni,;««;„T'"*''''  Umvcrs.tyand  Bcllevu.  Medk.-il  School.  <.mo  of  .50  («« 
aiustrated.  Second  Ed.uoo-poblislied  SeplemlMF.  191ft.  Oolh,  Jl.i7n«! 

Abbott's  Medical  Electricity 

M^"'c^i.  KLECTRn-rrv.  By  Gm.rgk  Kn*pv  Abbott.  M.  D.,  Den  .»<]  Pm. 
fcMor  ,.f  1  hysiologic  Fherapj-  and  I'lactice,  Cdlege  of  Medial  ErtngeliMs  U.ma  Lmdi. 
(  niitoriia.      Iimo  of  132  piig«,  iiluslrared.     ClQlh.  (1.15  net  jj^l.  tWt 

Stevens*  Practice  of  Medicine  New  (ioud  E^iioa 

A  Manual  of  the  Practicb  of  MtDraNE.    By  A.  A.  Stevens,  A.  M  .  M  1» 

Professor  of  Pathology.  Woman's  Medical  College.  Phila.  Specially  inlendeJ  fuf 
sludtnti  (.lepariiigfor  grarfiialioH  aa.l  bospiul  examinationi.  Posl-ociavo.  619  i:teT\ 
illustrated.     Cloth,  $1.75  net  Publabed  Jtd,.  ms 

Saunders'  Pocket  Formulary  New  (pth)  zmOam 

-SAdNiiERs'    Pocket  Mzdlial   Formularv.      By  Wiu.iam  M.    Powki.l,  M,  D- 

ContainiEig  iSjl  fonnulas  from  l!ic  l«-Kl-kTiown  aulliorilics.  With  an  Appendix  at- 
taining Pusoliigic  Table,  Foniiul.is  .'iiid  Dotes  for  Hypodermic  Medicalion,  P--.i(otn  aad 
their  Antidotes.  DiametKn;  of  the  Fcnule  Pelvis  and  Felal  Heaii.  Uhsleiriral  T»14^ 
Diet-lisI,  Materials  and  DtugS  used  in  Antiseptic  Surgery,  Treatment  of  Awhyiia  (im 
Drowiime,  Surgical  Rcmembtancer,  TalJes  of  l!iconi|iliblei.  Eraptive  Fe.er*.  etc, 
etc.      In  fleiihle  leathtr,  with  side  indw,  wallet.  iDd  6ap,  {1.75  peL  Juxurr.  lOoe 

Deaderick  on  Malaria 

rK,v_iiCAL  Stit[>v  np  Valeria.  By  Williaw  H.  DEADRWOt,  M.  D..  Hembe) 
AmericoQ  Society  of  Tropical  Medicine;  Fellow  Lond'Mi  Society  of  Tropical  Medifine 
■nJ  Hygiene.  OcIbto  of  40J  page*,  illuatnltod.  Clolh,  ^4,50  net;  Half  MoroXB,. 
**-°°  "^l-  PoblubMl  NDnsitKi,  lew 

Niles  on  Pellagra  second  cdwon— junuiy.  1916 

Pellagra,        By    Geokoe    M.   Nilfs,    M.  D.,    Gastroenterol  or  ist    to  iht  (ie  rgia 
Baptist  Hospital,  Atlanta.     Octavo  of  315  i>age;,  illustrated.     Cloth,  I3.00  net. 

Hinsdale's  Hydrotherapy 

Hydrotherapy.  By  Guv  Hinsi>ale,  M.  D..  Fellow  Royal  Society  of  Medicine 
of  Great  Britain.     OctaTO  of  466  pages,  illu-ilraled.     Cloth,  Ij.jo  net.  Asinsi.  I«10 

Todd's  Clinical  Dia^osis  TUrd  cdition-october.  1914 

CLi.vtCAL  Diagnosis:  A  Manual  of  Laboratory  Methods.  By  James  Caui«- 
BELL  Todd,  M.  D.,  Professor  of  Pathology,  University  of  California,  iimo  of  jSj 
pages,  illustrated.     Cloth,  S2.50  net. 

Tbi»  book  eIvcs  you  the  fw'  Ittknit.  (be  precb?  procedure  In  follow  dowa  ta  the  amaUesI  dctail- 
An  eilTcmcIy  impoitanl  seclion  19  Ihat  on  Ihe  use  of  the  muroscopr,  giving  you  the  various  pirta.  how 
to  prepare  the  m:i1crial.  make  slida,  and  interpret  the  GndinES.  The  third  edition  has  been  brougbt 
rijfhi  di>vn  to  (he  minute.  The  coiKenls  include  to  panes  on  thr  lluraprmtic  mi€  e/ raiciiKi  and  itt^ 
diaxnoiii.  taking  up  the  r>reparatioil  of  autoffenous  vaccines.  Abderhalden'a  »emm  (est  for  tclopic  preg- 
nancy, the  ureasL-  inetbods  for  urea,  the  Rintini-Buraatn  test  for  [ormaldebyd.  Huntoon's  method  lor 
9pore4.  Pondtr's  stain  for  diphtheria  bacilli,  and  the  luetin  reaction. 

"A  distinct  improvement  on  many  of  its  predecessors  of  simDar  scope.  It  dnis  vith  all  (he  riamina' 
tions  which  the  clinician  may  have  (0  undertake  in  the  courae  ol  hh  wari. "—Bfitiili  UtJual  Jourmai. 
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